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European Union Definition

The European Union is a unique economic and political partnership between 27 European
countries. In 1957, the signature of the Treaties of Rome marked the will of the six founding countries
to create a common economic space. Since then, first the Community and then the European Union
has continued to enlarge and welcome new countries as members. The Union has developed into a
huge single market with the euro as its common currency. What began as a purely economic union
has evolved into an organisation spanning all areas, from development aid to environmental policy.
Thanks to the abolition of border controls between EU countries, it is now possible for people to
travel freely within most of the EU. It has also become much easier to live and work in another EU
country. The five main institutions of the European Union are the European Parliament, the Council
of Ministers, the European Commission, the Court of Justice and the Court of Auditors. The European
Union is a major player in international cooperation and development aid. It is also the world’s largest
humanitarian aid donor. The primary aim of the EU’s own development policy, agreed in November
2000, is the eradication of poverty.
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Introduction

The purpose of this paper is to collect and highlight environmental information about the
Black Sea Basin taking into account all the factors that contribute to the current state of the Black
Sea.

The special situation of the Black Sea is due to a complex mechanism of factors, in which
pollution is the most important, which ultimately lead to the worsening of the ecological state of
the sea. Thus, due to the geographical conditions of the semi-closed sea, the inputs and outputs of
the Black Sea hydrological system, respectively, directly influence the properties and quality of the
sea water. Due to the pollution in the entire Black Sea basin that stretches over 800,000 km2,
comprising a large part of Central and Eastern Europe and especially due to the lack of vertical
currents, from a depth of 150-200m down is forming a huge tank of water with high concentration
of H2S.

The special conditions in which, in addition to the polluted waters collected from the entire
extended basin, supplemented by the contribution from the weather, which are also sometimes
polluted, to which is added a high salinity water supply from the Mediterranean Sea through the
Bosphorus Strait, make this reservoir continuously increase the dimensions.

This real ecological bomb is a huge ecological risk at which it is very difficult to predict future
consequences and evolutions.

The most important measure that can be taken in this complex situation is the significant
reduction of pollution. Currently, the pollution of the sea is done through economic activities in the
Black Sea basin. The most polluting activities are the activities of maritime transport and exploitation
of ports, but also of offshore gas exploitation. But the most significant is the pollution due to
economic activities in the extensive river basin of the Black Sea, which includes rivers and streams
that flow into the Black Sea, such as the Danube, Dniester, Dnieper, Don, Kuban, Rioni.

The biggest polluter is the Danube, with a huge river basin, which collects the waters of 120
rare earths from the territory of 17 European countries. Until recently, the Danube was nicknamed
the collecting channel of Central Europe and indeed the collected waters were very polluted and
made the Black Sea to be considered a "dead sea”, with no future. Currently, through a special effort
of all riparian countries, the ecological situation of the Danube is improved, however it is estimated
that about 30% of the total pollution of the Black Sea comes from the Danube.

The Dniester River also has a difficult situation, collecting especially the wastewater of the
Republic of Moldova. In Moldova, the situation of wastewater treatment plants is worrying, most of
them being non-functional, so industrial and urban wastewater reaching directly into the Black Sea
without treatment.

The protection against pollution of this single sea must be the responsibility not only of the
countries bordering this sea, but of all the countries that benefit from the Black Sea river basin.
Realizing the threat facing this sea, the Black Sea countries (Romania, Bulgaria, Russia, Ukraine,
Georgia and Turkey) reached an agreement in 1986 on the need to conclude an international treaty
to improve and protect the Black Sea. Thus, the Convention for the Protection of the Black Sea
against Pollution was signed in Bucharest in 1992 (called the “Bucharest Convention”).

The most important consequence of the signing of the Bucharest Convention was the
establishment of the Black Sea Environment Program (PMMN) by the Global Environment Facility in
partnership with top international organizations, including the World Bank, UNDP and UNEP.

The two main activities of the PMMN are:

-accepting of the "Strategic Action Plan for the Black Sea" by the 6 countries

-establishment of the Permanent Secretariat for the Protection of the Black Sea against
Pollution.

It carries out activities such as:
- determining the sources of pollution and assessing their effects,
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- monitoring of biodiversity, fish populations,

- integrated coastal zone management, environmental effects of maritime transport and
safety elements.

The Strategic Plan of Action was signed on 31 October 1996, declaring this day the International
Black Sea Day. Also, in parallel with the Bucharest Convention, the "International Convention for the
Protection of the Danube River” was signed, which aims to protect the Black Sea. The purpose of this
convention is to reduce pollution of the Danube River and to reduce the negative impact that Danube
pollution has on the Black Sea.

These can be summarized by concluding agreements, programs and projects of different sizes
that have been implemented in the Black Sea and finding investments that have been made by
national and international funders.

The most important measure was the active inclusion of the participation of state
authorities, civil society organizations and the private sector in the development of regional and
international partnerships. In this context, the Forum of Non-Governmental Organizations in the Black
Sea Region was established, partly funded by the PMMN. In 1999, the Network of Non-Governmental
Organizations in the Black Sea Region was established.

The project divides the entire area of information collection in the Black Sea Basin between
the partners from Romania, Turkey and Georgia.

The area of collecting environmental information designated for the Romanian partner is
Romania and the Republic of Moldova.

The area of collecting environmental information designated for the Turkish partners is
Turkey, Greece, Bulgaria and Ukraina.

The area of collecting environmental information designated for the Georgian partner is
Georgia and Armenia.

Fig1. The area of collecting information from Black Sea Basin.
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Chapter | General Aspects Regarding The Specificity, The Current
Ecological Status And The Challenges

1.1 The Specificity Of The Entire Black Sea Basin

The Black Sea is the most isolated sea in the World and has original properties of its own.
The Black Sea is located between the latitudes 40°55’ and 46°42’ N and the longitudes 27927’ and
41942’ E. The Black Sea has historically been one of the most biologically and ecologically productive
marine ecosystem in the world (Bat et al., 2011). The most ancient inhabitants are found in waters
with low salinity. 2. Boreal-Atlantic relics: Marine species originating from cold seas and living in
deep layers of the sea. 3. Mediterranean species: These constitute the highest ratio in the Black Sea
fauna, comprising up to 80 % of the total fauna. Most prefer warm, saline waters, and are found in
the upper layers of the sea. 4. Freshwater species: Introduced by river discharges and usually found
in the sea water during the maximum river run-off. 5. Alien species: Established populations of alien
species introduced by various routes. The structure of marine ecosystems differs from the
neighbouring Mediterranean Sea by a lower species variety (ratio of the Mediterranean to Black Sea
for species richness is three) and the dominant groups are different. However, the total biomass and
productivity of the Black Sea is much higher. The Black Sea is enclosed by Bulgaria and Romania on
the west, Ukraine and Russia on the north, Georgia on the east, Turkey on the south (Figure 2).

UKRAINE

=
=
a

z
=
ROMANIA Z

Danube River

A RUSSIA

BULGARIA BLACK SEA

GEORGIA

TURKEY

Figure 2. The Black Sea and surrounding countries (Bat et al., 2009).

It is connected to the World Oceans via the Mediterranean Sea through the Bosphorus,
Dardanelle and Gibraltar straits and with the Sea of Azov in the northeast through the Kerch Strait.
Due to a large catchment area compared to surface area the Black Sea ecosystem is very vulnerable
to pressure from land based human activity and its health is equally dependent from the coastal and
non-coastal states of its basin. The Black Sea basin’s oceanography is strongly influenced by fresh
water inputs from rivers, atmospheric forcing, thermohaline factors, strait flows and topography.
The catchment area of the Black Sea is over 2 million km?, entirely or partially covering 23 countries,
those from 17 states in the catchment area impacts were mainly studied through their effects on the
discharge from the major rivers: Albania, Austria, Belarus, Bosnia and Herzegovina, Croatia, the
Czech Republic, Germany, Hungary, Italy, Macedonia, Moldova, Montenegro, Poland, Slovakia,
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Serbia, Slovenia and Switzerland (Figure 2).
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Figure 3. Map of the Black Sea region (taken from Borysova et al., 2005)

GIWA 2004

Despite its relatively large surface area and water volume (537,000 km3), only a thin surface
layer of the Black Sea supports eukaryotic life. The water mass below 150 to 200 m is devoid of
dissolved oxygen, making the Black Sea the largest anoxic body of water in the world. Such anoxic
conditions, exacerbated by limited water exchange with the Mediterranean, render the Black Sea
extremely vulnerable to anthropogenic effects. Along the Black Sea, the heavily salty bottom layer
which originates in inflowing the Mediterranean waters, has very slow motion and contains hydrogen
sulphide;it has no eukaryotic marine life (Figure 3). About 87 % of the Black Sea is entirely anoxic
and contains high amounts of hydrogen sulphide (Zaitsev and Mamaev, 1997), a solvable toxic gas
mostly associated with the smell of rotten eggs (Mee, 2005).

Bosphorus strait Kerch strait

1S5S0 m
200 m

Figure 4. Profile of hydrogen sulphide zone in the Black Sea (Zaitsev and Mamaev, 1997).
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Europe's second, third and fourth rivers (the Danube, Dnieper and Don) all flow to the Black
Sea. The Bosphorus has two-layer flow, carrying about 300 km? of seawater to the Black Sea from the
Mediterranean along the bottom layer and returning a mixture of seawater and freshwater with twice
this volume in the upper layer (Mee, 2005). The increasing human population in coastal areas of the
Black Sea continue to increase pressure on the region. Eutrophication or over fertilization is the most
visible danger facing the Black Sea and also has the greatest impact. Nitrogen and phosphorus
compounds are major nutrients. Troubles began in end of 1960s with “green revolution” which is
increasing eutrophication in the sea are nutrient inputs from the rivers (Mee, 2005). The Danube
River constituted nearly 75 percent of the total input (Zaitsev and Mamaev, 1997). These death zones
on the seabed are but one symptom of the sickness that is afflicting the Black Sea. Heavy metals do
not seem to contaminate the entire Black Sea but appear as "hot spots” near well-identified sources
(Mee, 2005). They are usually related to waste from heavy industry and the ash retraining from
burning coal for generating electricity. On the other hand, as a consequence of economic decline the
usage of these substances has decreased considerably and no more presents a major hazard in the
sea, except where their use was very intensive in the past (Mee, 2005). Mee (2005) strongly
emphasized that “the Black Sea is seriously ill but certainly isn't dead”.

Due to the fact that sulphate is used as a resource of oxygen in the biological degradation
process, the sea bottom is covered with a layer of hydrogen sulphide-having water, making life for
many organisms unfeasible at these depths. As a result of the abundant rainfall, low evaporation and
the input of fresh inland waters, the water budget in the surface waters of the Black Sea always
exhibits a surplus, with the result that these surface waters flow directly into the Sea of Marmara
through the Bosphorus. The reverse current system in the Bosphorus, meanwhile, carries the saline
waters of the Mediterranean into the deep basin of the Black Sea. Based on salinity data for 1986 and
1987, the annual amount of water entering and exiting through the Bosphorus has been estimated at
around 312 and 612 km? / year, respectively (Ozsoy et al., 1988). Owing to anoxia in major parts of
deeper waters, organisms are mostly absent. The structure of the Black Sea ecosystem differs from
its neighbouring the Mediterranean Sea by a lower species variety (ratio of the Mediterranean to the
Black Sea for species richness is three) and the dominant groups are different. But the total biomass
and productivity of the Black Sea is pretty higher. The Black Sea is one of the most important
European seas; it contributes significantly to the regional economy as a source of fisheries, tourism
business, oil production and transport. Dominant industries in the littoral countries are shown in
Table 1.

Table 1. Dominant industries in the littoral countries (from Borysova et al., 2005).

Country Dominant Industry

Bulgaria Energy, coal industry, metallurgy, chemical industry

Georgia Energy

Romania Energy, coal industry, metallurgy, chemical industry, machine-building, oil
industry, petroleum refining industry

Turkey Energy, chemical industry

Russian Energy, coal industry, metallurgy, chemical industry, machine-building

Federation ’ ’ ’ ’

Ukraine Energy, coal industry, metallurgy, chemical industry, machine-building, oil

industry, petroleum refining industry
Very recently Bat et al (2018) reviewed related to pollution of the Black Sea coast of Turkey.

1.2. The Current Environmental Status Of The Black Sea Basin

1.2.1 The State Of The Environment On The Romanian Coast
The Report on the State of the Marine and Coastal Environment analyzes the following
indicators regarding the state of the waters and ecosystems of the Black Sea of the Romanian coast.

10
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A. Indicators for determining the state of the Black Sea waters
Water Quality
Physico-chemical indicators
A.1 General indicators
-temperature, transparency, salinity, Ph, dissolved oxygen;
A.2. Eutrophication indicators
-phosphate, nitrates, silicates, chlorophyll;
A.3. Contamination indicators
-heavy metals, total oil hydrocarbons, polynuclear aromatic hydrocarbons, organochlorine
pesticides, microbiological load;
B. Conservation of nature and Biodiversity, Biosecurity.
B.1. Marine habitats
B.2. State of marine protected areas
B.3. Marine and coastal environment
C. State of the ecosystem and living marine resources. Situation of endangered species
C.1 State of the coast and coastal area
-Coastal processes
-Sea level
D. The state of the marine ecosystem
-Fitoplancton, Algal blooms, Zooplancton, Fitobentos,Zoobentos, Biodiversity indicators
E. Situation of endangered species
F. The state of the seabed
-Indicators for living marine resources
-Measures for solving critical problems
G. Maritime Spatial Planning
H. Anthropogenic pressures

State of the Marine and Coastal Environment, study made in 2011 INCD “Grigore Antipa”
1.1 General indicators
- The water temperature registered, along the Romanian coast, in the entire water column,
values between 0.8°C and 27.8°C (median 7.50°C and standard deviation 8.92°C).
The minimum values belong to February exclusively on the surface, and the maximum ones to
September, regardless of the type of water body analyzed, in accordance with the air temperature.

- Transparency ranged from 0.5 to 6.5 m (median 1.8 m, dev.std.2.2 m). The maximum was
registered in May, in coastal waters, Est Constanta 2 station, and the minimum in transitional waters,
at Sulina 10 m, in March (Table 3). In all cases, the minimum values are below 2 m, the value allowed
both for the ecological status and for the impact area of the anthropic activity of Order 161/2006 -
,Norm on the classification of surface water quality in order to establish the ecological status of
bodies of the water".

- The salinity of the transitional, marine and coastal waters in the area of the Romanian coast
registered values between 0.50-18.63 PSU (median 16.93 PSU and standard deviation 3.359 PSU). The
maximum value belongs to the marine waters, Sulina station 30 m (20 m), in March, and the minimum
of transient waters, Sulina station 20 m (0 m), in the same month due to the influence of the river
contribution.

- The pH of coastal waters in the Constanta area recorded monthly average values between
8.10, in December, and 8.37, in January (median 8.24 and standard deviation s = 0.08) In 2010, the
average monthly pH values were generally higher, a trend that does not confirm the acidification of
coastal waters.

- Dissolved oxygen in the marine environment is a very important and representative variable
in assessing the functionality and behavior of ecosystems, especially because it can be relatively
easily measured by classical chemical methods (Winkler) or electrochemical techniques. Dissolved
oxygen regime, as well as the factors influencing its fluctuations are of major importance in assessing
the severity of the impact on marine ecosystems. The primary source of oxygen in the marine
environment is the gas exchange at the air-water interface and its direct production through the
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photosynthesis of aquatic plants, algae and photosynthetic bacteria.

Strong gradients of dissolved oxygen concentrations in coastal waters can occur due to variations
in temperature, salinity, nutrient intake, bathymetry, water body circulation, climatic factors and
biological production. In some cases, vertical stratification inhibits mixing, thus helping to stimulate
the onset and intensification of hypoxia and anoxia, especially in the hot season. Thus, the variability
of dissolved oxygen in the water column generally results from the interactions between physical
transport and biological consumption. The coastal areas host interface ecosystems between the
continental and the marine environment, receiver of the active biogeochemical input coming from
the entire hydrographic basin of the studied area. In areas strongly influenced by river input, such as
the Black Sea NW, the decomposition of organic matter in the entire water column can be an
important factor in the total oxygen consumption of the studied area.

The concentration of dissolved oxygen in the waters off the Romanian Black Sea coast ranged
between 69.2 pM, at Mangalia 30 m (20 m), in September, and 456.9 pM, at Sulina 30 m (0 m), in
March, (median 322.2puM and standard deviation 67.9uM).

The oxygen saturation values of the transitional, coastal and marine waters from the Romanian
coast remained between 29.3% -156.63% (median 99.5%, dev.std. 16.9%), both extremes belonging
coastal area. As in the case of dissolved oxygen, the minimum values of oxygen saturation are found.
and for the area of impact of the anthropic activity from Order 161/2006.

Eutrophication indicators Eutrophication indicators

-Phosphates The concentrations of phosphates, (PO4) 3- registered, in 2010, values in the range

“undetectable” - 6.25 pM (median 0.25 pM, dev.std. 0.58 uM), both extremes belonging to waters
coastal. The maximum value was registered in Constanta Sud 5 m (0 m) station, as a consequence of
the presence in the area of the Constanta Sud treatment plant.
The main values of phosphate concentrations in the Romanian coastal waters between February and
September. Between 1960-2009, the average annual values of phosphate concentrations ranged
between 0.13 uM (1967) - 12.44 puM (1987) (median 1.29uM, dev.std. 2.97uM), with a decrease in
concentrations phosphates since 1987. The average value in 2010, 0.52uM, follows the slightly
increasing trend of the last 4 years.

-Total phosphorus, representing the sum of organic and inorganic fractions of phosphorus in
seawater, recorded concentrations between 0.15 - 8.22 pM (median 0.84 pM, dev.std. 0.837 uM),
following the same trend as inorganic form, phosphate, (PO4).

-The concentrations of nitrates, (NO3) - from the waters from the Romanian Black Sea coast
registered, in 2010, values between 0.81 and 26.47 pM (median 1.78 pM, dev.std. 4.05 pM). The main
values of nitrogen concentrations in the waters of the Romanian coast between February and
September 2010.

There are high average values in June and July, which contributed to the nutritional support of
flowering phenomena. In the long run, for the period 1976-2010 the variation between 4.21 pM (2010)
- 22.55 pM (1976) is observed (median 6.89 M, dev.std.3.66uM) as well as the decreasing trend in
recent years.

-Nitrates, Distribution of values of concentrations of nitrates in transitional waters (A), coastal (B)
and marine (C) in 2010 Nitrogen, (NO2) - intermediate forms in redox processes involving inorganic
nitrogen species, showed concentrations in the “undetectable” range - 7.43 uM (median 0.26uM,
dev.std. 1.38uM)

-Silicates, (5i04) - showed concentrations in the range of 0.3-99.0 pM (median 8.4uM,
dev.std.15.5uM), both extremes belonging to marine waters.

Regarding the general indicators, the following results:

- The average annual sea water temperature in Constanta has increased significantly in the last 8
years compared to the period 1959-2002.

- The median values of sea water transparency increase from transitional to marine waters, but are
lower than in 2009.

- Salinity is influenced by river input and climatic factors (especially wind and rainfall) and recorded
in 2010 insignificant differences compared to the multiannual monthly averages of 1959-2009,
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although it is the year with the average annual value (13.94 PSU) that lowest in the last 19 years.

- The pH recorded, in 2010, higher values than in the period 1998-2009, especially in the cold season.
- The average monthly values of dissolved oxygen in the sea water in Constanta were in the area of
variation specific to the area, although they were lower in July and August, when hypoxia and
mortality were recorded in fish fauna.

- Although it has not been found since 2001, the phenomenon of hypoxia was also found on the East
Constanta profile, due to oxygen consumption in the process of oxidative degradation of organic
matter resulting from reported flowering and climatic factors (air and water temperature, wind and
precipitation).

- In general, in the long run, there is a slight decrease in the values of dissolved oxygen concentrations
in the sea water in Constanta, starting with 2007.

Eutrophication indicators indicate that:

- In the coastal area of Constanta, phosphate concentrations recorded very low values, comparable
to those of the '60s, but with a wider seasonal variability.

- Total phosphorus generally recorded normal values of concentrations, except for stations located
in areas of influence of river input (transitional and marine waters) and anthropogenic influence
(coastal waters), in which the maximum values exceeded the minimum value allowed by Order 161
/ 2006.

- The distribution of nitrate concentrations follows a decreasing gradient from transient to marine
waters. The values registered in 2010 in Constanta are, in general, lower than in previous years.

- Ammonium from both anthropogenic sources (treatment plants and river input) and regeneration
was, in 2010, in Constanta, the dominant form of inorganic nitrogen salts.

- Silicates recorded higher concentrations in the area of influence of the Danube. In the long run,
concentration values are still low, although there has been a slight increase since 2006.

- In 2010, on the Romanian Black Sea coast, two important sources of nutrients are generally
observed, namely: river input (Danube) and the urban agglomerations of Constanta and Mangalia,
due to the treatment plants and the ports from the respective areas.

1.2.2 State of the environment in the Republic of Moldova

According to the 2018 report on the state of the environment in the Parliament of the
Republic of Moldova, small rivers in the Republic of Moldova are at the highest level of pollution in
Europe, water from wells in the country does not meet standards in proportion of 70%, 35% of soils
are eroded, over 36 thousand hectares of land are affected by ravines and landslides, there is a large
number of soils contaminated with pesticides, the number of identified unauthorized landfills was
over 2800, 100% of waste generated is deposited on the ground, the level of air pollution in Chisinau
is estimated to be, in most cases, between high and very high, the area of natural areas protected
by the state is only 5.8% of the country's territory, and the national forest fund is officially only 13.2
% of the country's surface, well below the European average of 40%.

The discharge of the Dniester River into the sea is the major source of pollution of the Black
Sea Basin from almost the entire Republic of Moldova.

In this area there is a massive pollution resulting from the collection of waste water from the entire
river basin populated by 8 million inhabitants with an area of 70,000 km2 spread over the territory
of Ukraine.

The environmental situation is particularly serious because due to the economic crisis and
the lack of financial possibilities for many years no investments have been made, and the existing
environmental problems have not been solved. In addition, there are many environmental problems
that need to be solved together with neighboring countries, as the sources of pollution and the
possibilities for remediation are not clear.
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Fig.5 The most important water arteries of the Republic of Moldova
The most important water arteries of the Republic of Moldova are the large rivers:
- Dniester (652 km),
- Prut (695 km),
- Raut (286 km).

With a total volume of water multiannual average flow of about 13.6 km3 per year and the
surface of the basins 19070 km2 and 7990 km2.

The territory of the Republic of Moldova is crossed by over 3600 rivers, streams and permanent
or temporary streams with a length of over 16 thousand km, 90% of which are less than 10 km long
and only 9 exceed the length of 100 km.

The hydrographic network of the Republic of Moldova consists of approximately 4,899 artesian wells,
about 176,412 wells with groundwater supply and 4,416 natural lakes and artificial pools with an area
of 39,943.4 ha.

The Republic of Moldova has lost almost all its treatment plants in the last 30 years. Of the
233, as many as there are today, only 8 operate within normal limits, according to the data of the
Inspectorate for Environmental Protection. In the absence of investment, the old stations, still built
in the Soviet period, became good only for scrap metal, and others were not built. Thus, wastewater
is discharged into rivers without being greened. As a result, small rivers have re ached the highest
level of pollution.

The quality of small river water is characterized by a high degree of pollution with ammonium
ions, nitrites, petroleum products, phenols, anion-active detergents, biochemical oxygen
consumption CBO5 and a low level of dissolved oxygen content in water.

The condition of small rivers due to increasing anthropogenic and climatic pressure is
estimated to be disastrous. Untreated or insufficiently treated water continues to be discharged into
rivers. They receive wastewater and are an environment for the development of pathogenic flora.

The water flow in the summer-autumn period was significantly reduced. With the reduction
of water levels, the anthropogenic load increases and as a result of water pollution, the number of
pollution-sensitive species has decreased.

Sustainable water management is an activity in which the whole of society must participate
and this must be done consciously. People have the fundamental right to have sufficient access to
clean, hygienically adequate and affordable water. Ignorance of the economic value of water in all
its forms of use has led to pollution and irrational exploitation of water resources.
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Recognizing it as an economic asset is an important way to achieve efficient and balanced
management of water resources.

The main objective of water resources management is the unique and planned comprehensive
system of interconnected actions, which includes water, water-covered land, water protection areas
and strips, water catchment areas, which influence water quality and the hydrological regime of the
water catchment area, the aquatic objective, the natural aquatic and near-water ecosystems, the
entire complex of hydrotechnical and protection constructions, as well as the infrastructure intended
for water supply (water intakes, pipes, water treatment plants, wastewater treatment plants, etc.).

The stable management of water resources provides for the achievement of the following priority
objectives:

- maintaining the level of risk of the negative impact of water at least at the existing level and
minimizing the possible consequences by applying preventive measures;

- implementation of pragmatic principles for the protection of water resources as a natural
environment and vital source for present and future generations taking into account international
conceptions;

- stimulating the social and economic development corresponding to the natural potential of the
aquatic objectives and of the water accumulation surface, with the guarantee of the full
compensation of the possible damages;

- stimulating the rational use of water and energy resources, multifunctional promotion of the
advantages of water use and related land;

- adequate protection of irrecoverable or slowly recovering water sources (artesian waters), of
the rare and endangered flora and fauna that populate the waters and related territories, as well
as of the natural habitat.

Therefore, the effective implementation of any concrete plans and measures in the aquatic
sector must be monitored and corrected as necessary so that the priority objective of comprehensive
management of maintenance and, in the future, the improvement of the status of aquatic objectives
corresponds to ensuring stable development of present and future generations.

1.2.3. The State Of The Environment On The Ukraine Coasts

The big rivers the Danube, the Dnipro, the Dniester, the Southern Bug as well as plenty of
smaller rivers empty into the Black Sea. Within the boundaries of Ukraine there are 14 sea harbours
and estuaries with the total area of 1,952 km? and water salinity from 0.3 to 296.0%.; 8 bays of the
total area 1,770 km? and water salinity 3.0=18.5%.. The north western shelf zone is slightly sloped
and has a flat plain abrasion and accumulative relief. The smooth and plain relief of the shelf is
interrupted with many underwater valleys and canyons. They are, basically, of meandering shape
with quite pronounced slopes, particularly in the shelf periphery, more frequently occurring wherever
the shelf turns into the continental slope. The latter are mainly underwater continuations of the
shore river valleys. It is possible to trace the valleys of the Danube, the Dniester, the Dnipro and the
Southern Bug on the north western shelf. The coastal zone of the Black Sea is a unique natural and
economic system that presents a great value for Ukraine. The coastal zone includes administrative
and territorial units such as administrative districts and cities that are located directly near the sea
or harbours and estuarine parts of the Danube and the Dnipro big rivers. The so designated coastal
zone of Ukraine makes a single coastal territory one “administrative” layer deep.

The Ukrainian coast of the Black Sea, from the Danube estuary to the Takil point at the
entrance to the Kerch Strait, is 1,628 km long including 553 km (34%) of stable and dynamically stable
shores. Active cliffs of various types occur along 486 km (29.9%) of the coastal line, the majority of
the abrasion sites being made of argillo=arenaceous Neogene and Anthropogen sedimentary rocks.
Accumulative coast relief forms are found along 589 km (39.1%) of the coast. These are primarily
retreating sea shorelines while the advancing shorelines are only about 48 km (3%) long. An important
feature of the Black Sea coast is its harbour and estuary complexes. Between the Danube and the
Dnipro estuaries there are 14 harbours which area totals 1,952 km? and the water salinity varies from
0.3 to 296%.. Within the Black Sea coastal zone there are about 20 wetland areas with the total area
of 635,000 ha. They are exceptionally valuable as certain fish species replenish their stock here. A

15

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

number of complexes are of the international importance as the waterfowl habitats. Four greatest
rivers of the Black Sea basin, the Danube, the Dniester, the Southern Bug and the Dnipro bring
annually 270 km? of water into the north western part of the Black Sea on the average. Their total
water catchments area is 1.46 million km?and envelops the territory of 20 states with the population
of 162 million.

The Danube is the second as to size European river and the greatest river of the Black Sea. The
Danube run off is formed within the territories of 18 states; including 10 states that the Danube
crosses or which access the Danube. Altogether the Danube basin houses 81 million of people.

Fluctuations of the river run=off reach almost 50% of its average multi annual value. For the last
10 years the run off changed from 132.3 (1990) to 236 km3 (1996). The change of the Danube water
mass throughout the year is insignificant. The water catchment of the Danube from the Ukrainian
territory is also small (Ministry of Ecology and Natural Resources of Ukraine, 2001).

The Dnipro is the main river of Ukraine. Out of the average annual run off of the Dnipro 32% is
formed in the territory of Russia and about 31% in the territory of Belarus. The river run off formed
within Ukraine during the average as to water mass year is 19.7 km?, and during the small water year
it may reduce to 12 km3. A large scale hydrotechnical works have been implemented in the Dnipro
for the last 30 years with a view to regulate the run off, accumulate water reserves for the droughty
season and supply water to dry areas. The most important hydrotechnical structures that have
changed the hydrological regime of the Dnipro are 6 water reservoirs that make a cascade of the
total area 6,950 km? and full volume of the accumulated water of 43.8 km3, and the canals Dnipro
Donbas, North Crimean and Kakhovka that transfer 5-6 km?3 of the run=off outside of the basin every
year. For the last 20 years the water intake from the Dnipro varied from 23.1 km?3in 1984 to 10.8 km?
in 1998 ((Ministry of Ecology and Natural Resources of Ukraine, 2001).

The Dniester is the biggest river of the Western Ukraine and Moldova. With the establishment of
the Dniester water reservoir (1981) the Dniester’s run off became regulated and depends to a greater
extent on the performance of the Dniester hydro station. The river is regulated to 3.5 km? level and
comprises 35% of the natural run off at 50% probability, or about 70% of the river run off during low
water years. Before the river was crossed with the Dniester hydro station dam, floods occurred along
the entire river and throughout the year and the extreme flows in lower streams were accompanied
with the fluctuations of high amplitude. Therefore, a considerable length of the Dniester and its
tributaries are provided with banks, especially within the cities (Ministry of Ecology and Natural
Resources of Ukraine, 2001).

The Southern Bug is the biggest river which basin is situated exclusively within the boundaries
of Ukraine. A peculiar feature of the Southern Bug basin that differentiates it from the other big
rivers is its very high degree of control. Within the river basin there are 197 water reservoirs and
6,900 ponds of up to 1.5 km? total volume. According to the multi-year observations, the river run
off has a trend to increase. Its maximum value was recorded in 1980 with 5.9 km? and the minimum
in 1921 with 0.9 km? (Ministry of Ecology and Natural Resources of Ukraine, 2001).

Ministry of Ecology and Natural Resources of Ukraine (2001) listed the basic anthropogenic factors

that influence water quality in the main rivers emptying into the sea below:

« high load with biogenic elements and water eutrophication;

« pollution with harmful substances, including oil;

« microbiological pollution;

« pollution with the substances that lead to higher BODs and oxygen depletion;

« excessive water intake and flow control that impacts negatively the self-purification
capacity of the river.

It is indicated that the major contamination sources are the communal management facilities,
sea transport, industries, agricultural sector and recreational facilities; all these facilities are both
actual and potential sources of ecological damage. Table 10 showed that the ranking of sea areas,
sea resources and marine ecosystems as to the negative influence of the discharged sewage in the
coastal water has proved that the greatest loss to sea resources and ecosystems is incurred by the
housing and communal management facilities and transporting (Ministry of Ecology and Natural
Resources of Ukraine, 2001).
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Table 2. Ranking of business facilities as to their negative impact upon seawater areas with the
discharge of sewage (from Ministry of Ecology and Natural Resources of Ukraine, 2001).

Description of business activity Loss %
Housing and communal management 59
Shore facilities of sea transport o2
Industries 8
Recreational facilities 1

Ministry of Ecology and Natural Resources of Ukraine (2001) reported that every year Ukrainian
rivers run into the Black Sea 653,000 t of suspended substances, more than 8,000 t of organic matter,
approximately 1,900 t of nitrogen, 1,200 t of phosphorous and other substances (Table 11).

Table 3. Mean input of hydro-chemical elements and contaminants entering the Black Sea via main
rivers, ‘000 t/year (from Ministry of Ecology and Natural Resources of Ukraine, 2001).

Indicators Total Danube Dnieper Dniester S.Bug
BOD, 546 85.9% 10.3% 2.4% 1.3%
Oxygen 1780 84.3% 11.8% 2.8% 1.3%
General mineralization 84500 84.4% 10.5% 3.4% 1.7%
Suspended matter 54000 78.7% 18.5% 1.6% 1.2%
Nitrites 5.03 85.5% 6.0% 8.3% 0.2%
Nitrates 160 81.3% 5.0% 12.5% 1.3%
Ammonia nitrogen 594 89.2% 5.1% 5.4% 0.4%
General phosphorus 414 87.0% 9.7% 2.4% 1.0%
Qil products 545 97.2% 1.4% 1.2% 0.1%
SAS 1.13 68.1% 22.1% 9.7% 0.0%
Copper 1.55 77.4% 16.1% 2.6% 3.2%

Zink 714 46.2% 50.4% 0.7% 2.7%
Manganese 7.60 89.5% 9.1% - 1.4%
Chromium 1.76 14.8% 84.7% - 0.6%

Danube constitutes approximately 80% of the total flow discharged in the north-western part
of the Black Sea due to the significant volume of the Danube. The Dnipro is the second largest river
of the north-western Black Sea, its run off is from 40 to 50 km3/year which four or five times greater
than the Dniester that is the third big river of this region. However, the Dniester contributes twice
as much nitrogen to the Black Sea than the Dnipro that indicates a great volume of nitrogen fertilizers
used in the Dniester catchment area that stretches along the agricultural areas of Ukraine and
Moldova. The amount of oil products coming with the waters of the Dnipro and the Dniester is nearly
the same that might be attributed to the petroleum producers and oil refineries situated in the upper
Dniester in the western regions of Ukraine. The share of the Southern Bug in the total amount of
chemical compounds run into the Black Sea is low as compared to the Danube, the Dnipro and the
Dniester, however, in terms of Zn and Cu amounts, it is greater than the Dniester’s share (from
Ministry of Ecology and Natural Resources of Ukraine, 2001).
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Heavy metals

It was reported that, in 2000, Cd levels in Ukraine Black Sea waters 30-50 lower than
maximum permissible concentration (5 pg/l). Hg levels in Ukraine Black Sea waters did not exceed
0.1 pg/l of maximum permissible concentration except for dumping sites, where its concentration is
approximately 2 times higher, than in all the other regions (0.2 pg/l). Similarly, As levels in Ukraine
Black Sea waters did not exceed maximum permissible concentration (10 pg/l). The permissible
concentration of Pb (10 pg/l) was exceeded 1.7 times only in the waters, near Odesa Oblast discharge
their wastewater. In other regions of the Black Sea levels of Pb in Ukraine Black Sea waters were
mainly within 0.5 and 2 pg/l, except for the places where rivers Danube (3.1 pg/l), Dnipro and
Southern Bug (5.2 pg/l) enter the sea. Zn levels in Ukraine Black Sea waters exceeded maximum
permissible value (50 pg/l) in marine dumping sites (up to 145 pg/l) and at the discharge of
wastewater from Illichivsk (823 pg/l). Cu levels in Ukraine Black Sea waters also exceeded maximum
permissible value (5 pg/l) in biological treatment plant of town Illichivsk, Odesa Oblast (30 pg/l). Cr
levels in Ukraine Black Sea waters exceeded maximum permissible value (1 pg/l) only in the Danube
zone near the place where the river water from Prorva Channel (2.8 pg/l) (Ministry of Ecology and
Natural Resources of Ukraine, 2001).

BSC (2019) reported that the concentration of most toxic metals in marine waters of the
north west Black Sea and Kerch Strait were negligible and mean mounts of about one order of
magnitude below the established national standards in 2009. The absolute concentrations of the
metal content in marine waters decreased in the following order: Zn>As> Cu>Pb>Cr>Cd>Hg. In the
state of the environment of the Black Sea the concentrations of most toxic metals in Odessa region,
Danube Delta and north west open sea - Zmeinyi island were reported and these contaminants were
negligible, with mean values 10 time less than maximum acceptable concentrations in 2011. The
absolute concentrations of the metal content in marine waters decreased in the following order:
Zn>Cu>As>Ni>Cr>Pb>Co>Cd>Hg (BSC, 2019). Mean concentration of Fe did not exceed maximum
acceptable concentrations (50 pg/l) except in the Danube delta area and in Odessa region; Fe
concentration was in 2-3 times more than exceed maximum acceptable concentrations in 2011. BSC
(2019) reported that the concentration of most toxic metals in marine waters in Odessa region,
Danube Delta, north west open sea - Zmeinyi island, Zernov’s Phyllophora field) were negligible, with
mean amounts 10 time less than maximum acceptable concentrations in 2012. The concentrations of
the metal amount in marine waters decreased in the following order:
Zn>Ni>Cu>Mn>Pb>Co>As>Cr>Cd>Hg. In 2013 the concentration of metals in marine waters of Ukraine
was hegligible, with mean values less than maximum acceptable concentrations. The concentrations
of the metal amount in marine waters decreased in the following order: Zn>Cu >Ni>Pb>As>Cd>Cr>
Co>Hg. In 2014, the concentrations of metals in marine waters of Danube Delta, NW open sea -
Zmeinyi Island were also negligible, with mean amounts less than maximum acceptable
concentrations. The concentrations of the metal amount in marine waters decreased in the following
order: Ni>Zn>Cu>Cr>As>Pb>Co>Cd>Hg. Toxic metals amounts in near Danube coastal water close to
the Bystriy mouth distributed as follows: 7.5 times as high as maximum acceptable concentrations
for Cu, 3.5 times as maximum acceptable concentrations for Zn, 2.5 times as maximum acceptable
concentrations for Cr, 3.1 times as maximum acceptable concentrations for Fe, and 22.4 as maximum
acceptable concentrations for Ni, which indicates a significant metal pollution (BSC, 2019).

In terms of sediment, the highest concentration in north west open sea and Kerch channel
was found as Zn and Cr, concentrations were 10-78 pg/g, and 5-91 ug /g, respectively in 2009.
However, in comparison with maximum acceptable concentrations, mean concentration of these
metals did not exceed recommended amounts (BFC, 2019). It is reported that the highest
concentration of Zn and Cr in 2011 ranged from 10 to 99 ug/g and from 4 to 77 ug /g, respectively.
Mean concentration of these metals did not exceed maximum acceptable concentrations. The highest
concentration of Zn and Cr in in the bottom sediments of Ukrainian Black Sea coasts in 2012 were
range from 47 to 203 pg/g and from 23-85 pg/g, respectively. In 2013 and 2014, the mean
concentration of metals in bottom sediments of the Ukrainian Black Sea coasts were less than
maximum acceptable concentrations (BFC, 2019).

In terms of biota, Zn and As compare to other metals in mussels and plaice from Ukraine
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Black Sea waters exceed maximum acceptable concentrations (Ministry of Ecology and Natural
Resources of Ukraine, 2001). BFC (2019) pointed out that the analysis of in 2012 and 2013 Zn, Pb and
Hg levels in fish tissue were above the national maximum acceptable concentrations.

It was also revealed the accumulation of Zn, Cu, As, Hg and Cd in mussels and Rapana in concentration
above maximum acceptable concentrations. In 2014 it was observed revealed decreasing trends for
some metals in mussels in comparison with previous data (BFC, 2019).

Marine litter

Although marine litter was started to be studied in the early 2000s it is indicated that marine
litter studies are scarce in Ukraine waters (BSC, 2019). Birkun and Krivokhizhin (2006) studied on
marine litter in Ukraine coasts. It was found that aggregate the mass of plastic floated upon the
entire surface of the Ukrainian Black Sea 18.559 kg. As a result plastic predominance was found to
be considerably higher than glass by 80-98% to 2-20% on the unmanageable beaches under different
seasons.

1.2.4 The State Of The Environment On The Russia Coast

The Russian Black Sea Coast length from Kerch Strait to Psou River at the Georgian border.
about 400 km; the situation of the Crimea Peninsula is very unclear.

This region has been recommended as one of the main conservation sites on the Russian Black
Sea coast due to its relatively low anthropogenic transformation and its historical importance. The
ecological situation is aggravated today by the construction of a pipe-line and oil terminal near
Novorossiysk and by an increase in unregulated recreation activity within the peninsula’s narrow
coastal zone.

Ecosystems exhibiting a high degree of transformation are more typical for regions
characterized by settlements, vineyards and the coastal recreation zone. The neighbourhood of
Novorossisk port, the region of Kerchi strait and Crimea

Ecosystems with moderate changes also exist in the coastal area, including, for example,
some unique ecosystems with pine-tree forests, pistachio-juniper and juniper open-lands. Nearly 50%
of pine-tree (Pinus pithyusa) forests are in the fourth and fifth stages of recreation degradation.

Ecosystems in natural conditions, in a very good ecological state.

For sites with ecological problems, some protection measures are suggested to maintain biodiversity
and sustainable development of these coastal landscapes and to improve their current condition.

The Black Sea is a non tidal and sea level variation is defined by changes in water balance
components. The average annual variation along the coast does not exceed 1m.

The northern part of this coastline consists of easily erodible rocks; average coastal recession
is 0.7m/year. Further south coast there is a 50 km sand bay-bar system with dunes and beaches, then
a flysch zone with abrasion cliffs a nd a mounting coastline with gravel/pebble beaches.

Sites where shore-protecting constructions have functioned for the longest time are in bad
condition. A longshore transport stream of deposits has been interrupted by a system of groins and
breakwaters, which intercept practically all pebble and gravel material migration along the coast, so
that beach restoration by natural ways is impossible. Artificial beaches under protection of beach-
retaining structures are the optimal coastal protection method against coast erosion.

Climate

Russian part of the Black Sea coast is located in areas of the Mediterranean and subtropical
climates. The climate of the region is greatly affected by the Caucasus Mountains (mountains protect
from cold northern winds) and the sea (the sea make the air a few cools in summer and warm in the
winter).

Northwest of the town of Tuapse height of the mountains does not exceed 1000 meters.
Mountains are not a significant barrier to air flow. Southeast of Tuapse height of mountains are
reaching 3000 meters or more. This has a significant impact on weather.

The section from Anapa to Tuapse is located in Mediterranean climate with hot, dry summers
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and mild, rainy winters. From Tuapse to Adler is subtropical humid climate. It drops significantly
more rainfall and frosts happened rarely in winter.

Black Sea coast of Russia

Black Sea coast is the most popular resort region of the Russian Federation.

This is one of the few places on the sea coast, suitable for summer holidays on the territory
of Russia. A large number of tourists from many regions of Russia come to the resorts of Krasnodar
Region and Crimea every year.

The city and the beaches, which are located in the Krasnodar region and the Crimea peninsula
are the most popular among Russian tourists. Russian Black Sea coast area in Krasnodar region is
about 400 kilometers (straight-line distance of about 350 kilometers). The most popular resort towns
of Russia are located in this area: Anapa, Gelendzhik, Tuapse, Sochi. Crimean biggest cities are
Sevastopol, Simferopol, Kerch, Evpatoria, Feodosia.

The distance between some settlements on the coast (direct): Anapa - Gelendzhik 70 km,
Gelendzhik - Tuapse 100 km, Tuapse - Sochi 76 km, Sochi - Adler 30 km.
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Fig.6 Russian Black Sea Coast

Anapa

Anapa is located in the northwestern part of the Black Sea coast of Russia, near the Crimea
and the Sea of Azov. Distance from Anapa to Moscow is about 1690 kilometers, 170 kilometers to
Krasnodar, to Sochi to 360 kilometers. Black Sea coast in the region of Anapa is considered as one of
the best family vacation destinations on the territory of Russia. Many of located here beaches are
sandy and gravel-sand, have flat bottom and are well suited for families with children. Water in
places well heated. The swimming season in fine weather can last from May to October.
Near Anapa (in sea lagoon on the Grand Utrish) is the only Russian Black Sea coast dolphinarium,
which contains marine mammals and act in vivo (running in seawater on the open air). (Utrish
Dolphinarium has branches in other cities, such as St. Petersburg.)

Tourists in Anapa often commute by train, by car or by air. In Anapa are located a major
airport and railway station. Rail trains to Anapa go during the tourist season (winter trains to
Novorossiysk).
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Fig.7 Russian Black Sea Coast
Gelendzhik
Gelendzhik is located on the Black Sea coast in “Krasnodarsky Kray” region of Russia. It is
located about 70 kilometers southeast of the city of Anapa. This is one of the most popular summer
resorts in Russia. Resident population of the city is about 61,000 people. The peak tourist season lasts
from June to September. The sea temperature may be favorable for bathing in good weather from
May to October. Most of the natural beaches covered with pebbles. In the center of Gelendzhik Bay

has an artificial sand y beach about 1 kilometer long.
There is an airport in Gelendzhik. The nearest railway station is located in the city of Novorossiysk.
Tuapse

Tuapse city is located on the coast of the Black Sea, at a distance approximately 80
kilometers north-west of Sochi. The city's population is about 63,000 people. There is a major seaport
and railway station.

Novorossiysk

Novorossiysk city is located on the coast of the Black Sea, Tsemess Bay (Krasnodar region).
The city's population is more than 251 thousand people. Novorossiysk is an important transport hub
in the south of Russia. The city is a major port, railway station, site roads node (road M4 “Don”,
Moscow - Rostov-on-Don - Novorossiysk).

Sochi

Sochi is the most popular and the largest resort city in Russia. Municipality of Sochi is also
known as Greater Sochi. The coastline in the Greater Sochi has a length of over 100 kilometers.
Municipality of Sochi city is divided into four districts: Central District (Sochi), Adler district,
Lazarevsky district and Central district. Big Sochi resides more than 445,000 people. Among the well-
known holiday destinations in the Greater Sochi can be called Dagomys, Lazarovsky, Adler. Beaches
near the town of Sochi almost all pebble. In the mountains, near the village of Krasnaya Polyana,
popular ski resorts are located. The best time of year to visit the city of Sochi for beach lovers is
from June to October.

Recently, the town became known worldwide as the venue for the Winter Olympic Games 2014.
However, for the residents of Russia, it has always been an important and famous city (as a favorite
place to go on vacation). Sochi is the largest resort city in Russia. Many residents of Russia wish to
spend their vacation here.The warmest month of the year is August. The coldest months are January
and February. Average monthly temperature in August in Sochi is 25-27°C. The average annual
temperature of water in Sochi is 15,7°C. Most cold water is in February and March (8,6°C) and the
warmest in August (24,1°C). In August, the water temperature can reach 29°C.

1.2.5 The State Of The Environment On The Georgia Coast

Georgia is a mountainous country with a complex mountain terrain, situated to the south of
the Caucasus Range between the Black Sea and the Caspian Sea. Its total area is 69.7 thousand km2.
Population of Georgia is 4.6 million people, of which the urban population is 2.4 million. Georgia is
characterized by a great variety of climatic zones which range from subtropical to arid.
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Fig.8. General map of Georgia

Georgian Coastal Zone encompasses part of the Black Sea on 326 km of length from the mouth
of the River Psou (state border with the Russian Federation ) to Kelenderi Cape (border with
Turkey ).The Hydrometeorological Service of Georgia officially was formed in May 14, 1844 , when
founded Observatory of Tbilisi. In 1929 for better servicing of developed public industry was created
Hydrometeorological Committee of Georgia. In 1932 the synoptic division of observatory firstly
changed into Institute of weather later weather bureau. Since 1938 had began observations to the
chemical structure of surface waters. Water measuring works of Georgian rivers were begun since
the second half of XIX century.In 1918 - 1923 the hydrological observations in Georgian rivers canceled
and rehabilitated only in the beginning of 1930, when from the department of water-industry placed
under control the hydrological posts, calibration station and hydrological division to the
Meteorological service of the country, the amount of hydrological posts in 1990 was more than
140.Marine meteorology is one of the parts of the hydrometeorological service. It was created in
1964. In the coastal zone of Georgia there were until the early 1990s 32 meteorological stations, 6
tide gauges, ship observations on 35 hydrographic stations and 45 observations stations in regards to
marine pollution monitoring.

The Black Sea coast of Georgia is located in the south-eastern and eastern part of the Black
Sea, on the river. Between the confluence of the Sarpi and the Psou. Along the Caucasus ridge it is
protected from north winds. Average lowest wind speeds are found in Batumi. The tidal values are
insignificant for the coast of Georgia. For example, in Poti it is 8-9 cm and is half-hourly. Compared
to the oceans, the Black Sea, as the inland sea of the continent, has less turbulence. Storm events
occur in the event of cyclonic impacts. The action of south and southeast winds is related to the
passage of Mediterranean cyclones. Atlantic cyclones cause the emergence of westerly winds and
waves, which reach the coast of Georgia in the form of strong ridges.

The bottom of the Black Sea runs quite steeply from the coast of Georgia. The underwater
relief of the seabed is widened by ravines and deltas that extend into the surface valleys of all major
rivers. In the relief of the seabed there is a shelf, a continental shelf, a sea basin. The shelf off the
coast of Georgia is presented in the form of a narrow, dotted strip. The temperature of the sea in
the Black Sea of Georgia varies from 9 to 11 degrees in winter (in the south), and 60 km away from
the coast, on the contrary, the water temperature rises in the north: from 19.4 to 20.7 degrees. The
average temperature on the Black Sea coast of Georgia is 4-7 0 ° C, July - 22-23 ° C, precipitation is
abundant all year round. It is especially rainy. The southern part of Kolkheti, where more than 2500
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mm of rainfall falls annually. Precipitation in the north decreases from 1650 mm (in the central part)
to 1400 mm (in the north-western part).

Georgia's coastal geomorphology is affected by up to 150 rivers in the region (including small
rivers). The total annual tributary is 50 km3. Rivers from the territory of Georgia discharge 16% of
the entire continental runoff into the sea. The rivers Bzipi, Kodori, Enguri, Rioni, Khobi, Supsa,
Natanebi, Chorokhi and many other small rivers join the Black Sea in this area.

The most waterlogged river in Georgia is the Rioni, the largest river that flows entirely in
Georgia. Length 327 km, basin area 13400 km2. Rio enters the Black Sea annually with a large amount
of solid runoff, averaging 4.7 million tons per year.

Bottom Sediments: Concentrations of Fe, Mn, Cu, Zn, Cr, V, Ni, Pb, Mo were measured in 186
samples of bottom sediments during 1993-1995 at shallow areas (3-15 m depth range) of the Georgian
shelf. Additional trace metal measurements (Fe, Al, Cu, Zn, Cr, As, Ba and Pb) were performed in
2000 [19, 23, 24, 25]. 170 samples from 75 stations of the sea were collected throughout the entire
Georgian shelf covering the depth range from 10 to 1500 m. A summary of these measurements is
provided in Table 1.

Table 4. The metals concentration (ug/g) in the bottom sediments of Georgian shelf

| Cr | Mn [ Cu | Zn | As [ Pb
1993-1995
Min/max 10/1300 | 700/9300 40/900 | 60/300 | - 7.0-48
Average 215 1937 50 136 - 17.7
2000
Min/max 40/700 - 20/325 | 60/260 | 5.0/95 | 7.0-50
Average 81 - 81 102 15 20

Copper and Zinc: High concentrations of Cu (325 pg/g) and Zn (260 pg/g) were found in bottom
sediments collected from shallower depths near the estuary of Chorokhi River in response to the
wastes discharged from mining enterprises in Murgul and Artvin regions of Turkey, in the immediate
proximity of the boundary with Georgia and from Meria (Adjaria) within the Georgian sector. They
however decreased to the north. In sediments of the underwater slope of Kolheti lowland, Cu and Zn
were distributed evenly at their background levels ranging from 20 to 45 (the average: 30 ug/g) for
Cu and from 62 to 170 (the average: 110 ug/g) for Zn.

Arsenic: The distribution of arsenic in the shallow bottom sediments within Adjara section of
underwater slope was analogous with distribution of Cu and Zn. Arsenic was introduced as a part of
the sulphide minerals discharged into the sea together with other chalcophilic elements from the
mining regions of Georgia and Turkey.

Chromium: This metal was distributed unevenly in bottom sediments. It mainly accumulated
in sediments of the Chakvistskali-Supsa inter-mouth region with maximum concentrations 700 pg/g
in the estuarine regions of the Chakvistskali and Natanebi Rivers. The main carriers of chromium are
dark minerals (magnetite, biotite, pyroxene), the rock-forming minerals of the volcanic ores of basic
composition (basalts, andesites, porphyrites, tuffs, tuff breccias, etc.) by the small rivers of the
region (Korolistskali, Chakvistskali, Choloki, Natanebi, Supsa) [20]. In contrast to the copper and zinc,
accumulation of chromium is natural, since it is not connected with any anthropogenic action. The
difference between 1995 and 2000 was mainly related to the difference in sampling depths.

Lead: Lead was distributed evenly throughout the Georgian shelf. The maximum concentration
did not exceed 50 pg/g, minimum was 7 ug/g, and the average for all Georgian shelf was 18 ug/g
that corresponded to the local background level. Situation has not changed since mid-1990s.

Barium: High content of barium in bottom sediments was mainly confined into coastal zone of
the Georgian shelf. The maximum concentration (in the limits of 0.1-0.2%) was found in the region
between the Chorokhi River mouth to Batumi. Its distribution was related to the products of
weathering of the barites- polymetallic layers of the South Caucasus, transported to the sea by the
Chorokhi River. Accumulation of barium was also observed in the estuary sediments of Kintrishi River
(0.05-0.1%). In coastal regions of the West Georgia, metamorphic geological formations containing
clay minerals (in particular zeolites), rich in barium, were found. Possibly, that terrigenous material
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was enriched by above mentioned minerals, which explains comparatively high content of barium
along the coast.

Aluminium: Being one of the basic rock-forming elements, aluminium constituted 2% to 7.5%
of sediments of the Georgian shelf which are found at higher proportions in the area of Kolkheti
lowland. On the average, in the northern part of the Georgian shelf, aluminium content was 3-4%
higher than in south because of gradually increase of clay fractions in sediments in the northwards
direction.

Iron: Coastal region of the shelf located in the inter-mouths of Korolistskali, Chakvistskali,
Kintrishi, Natanebi and Supsa Rivers was characterized by high content of iron (>11%). These rivers
drain the western extremity of Adjara-Trialeti folded system and carry the products of red sol crust
weathering into the sea. High content of iron is related with the dark minerals (magnetite, black
mica, etc.) [21, 22]. In this region, high content of iron coincided with high content of chromium,
which pointed to their common source. Within the limits of Kolkheti lowland, iron content varied
from 3% to 5% in sediments of the underwater slope.

Manganese: In sediments from Chorokhi River estuary to the town Kolkheti, Mn distribution was
practically homogeneous and equal to the natural background level from 0.07 to 0.27% with 0.13% on
the average. This level corresponds to Mn concentration in the red-colored soil of coastal zone of
Adjaria and Gurii. In the area between Natanebi and Supsa Rivers, thickness of this type of soil is
maximal and the discharge into the sea is therefore most intensive. To the north of the Supsa estuary,
Mn content in sediments increased stepwise up to 0.93%, on the average 0.25%. It came into the sea
in a large volume with suspended solids and particles of the Rioni River waters.

In 1950-to-80s, Mn content in river particles was as high as 5.0-5.9%, and reached 5.0- 14.8%
level in sediments close to the northern branch of Rioni. That was however decreased to 0.3% in
1995. The decreasing Mn content in the Rioni discharge depends upon reduction of activity at the
Chiature mining factory.

Georgian shelf area

Research on zooplankton biodiversity of the south-eastern Black Sea was limited. The data
from pristine phase 1955-1957 (Table 6.10) indicated edible zooplankton biomass around 1002050 mg
m-3 within the upper 25 m layer, of which 70-80% was produced during the spring-summer months.
Owing to more enhanced production, abundance and biomass of trophic zooplankton formed mainly
by Protozoa, Copepoda, and Cladocera increased two-folds during the 1990s but they were subject
to high year-to-year variations (Fig. 6.20). The N. scintillans contribution to the total zooplankton
biomass reduced from 50% in 1995 to 5% in 2002. The data further showed reappearance of
Pontellidae Pontella mediteranea after 2002 that indicated recovery of the regional ecosystem.

The comparison of annual-mean biomass of the upper 100 m layer from 1950s with the recent
data from the 1990s and early 2000s suggested an increase from less than 75 mg m-3 up to a minimum
of ~150 mg m-3 during 1996 and 2002 and a maximum of around 500 mg m-3 during 1998-1999
corresponding to the strong Beroe impact on Mnemiopsis population. The edible zooplankton biomass
reduced gradually in the following years up to ~130 mg m-3 at 2002. However, even this minimum
biomass registered in 2002 was higher than the maximum biomass measured at Galata.

Marine Ecology and Fisheries Research Institute (MEFRI) and Georgian Fisheries Trust data
focused on monitoring the distribution of invasive species starting by 1949. These data sets suggested
that Rapana invasion caused sharp decline in the oyster Ostrea edulis stock due to the presence of
roughly 30 Rapanas per 1 live oyster. The data in 1950 further showed considerable spreading of
Rapana along the entire Georgian coastal waters. This was followed by the reduction of other
commercial mollusks as the abundance of Rapana continued increasing.

In 1978-1979, the new opportunistic species filtrating mussel Cunearca cornea was found
initially with sizes 1.0-2.5 cm, and 6-8 cm individuals in the vicinity of the Chorokhi River mouth.
This bivalve was especially abundant on the Anaklia bank where mussel collectors were installed in
1978-80. Presently, Cunearca cornea is widely distributed in Georgian waters (Gogmachadze, 2005).

The last study of benthic communities was conducted in 2003-2004 on a seasonal basis by
monitoring 16 stations along the Georgian coast (Table 8.7). In these studies, new exotic species
Anadara inaequuivalvis and Mnemiopsis leidyi were found together with significant changes in
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zoobenthos biodiversity in comparison with previous data (Gogmachadze & Mickashavidze, 2005;
Mickashavidze, 2005). Out of 65 macrozoobenthos species recorded, 27 were Molluscs (41%), 18
Crustacean (28%), 20 Polychaeta (31%). Both the zoobenthos species diversity and total abundance
were highly variable regionally and seasonally .The species diversity increased as compared to 1990
for all these groups.

1.2.6 The State Of The Environment On The Turkey Coast

The main area of Turkey, known as Anatolia, is in Asia while Turkish Thrace, representing about
3% of the nation’s total area, is in Europe. Its capital is Ankara, and Istanbul is the largest city. About
80 million people live in Turkey. One of the most critical developments of the last decades, as critical
as the population explosion, is the vast shift of population from the countryside to the cities. The
Turkish Black Sea coastal towns and major rivers were shown in Figure 4.
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Figure 9. The Black Sea coastal towns and major rivers (Bat et al., 2018)

According to Turkish Statistical Institute (TURKSTAT, 2016)

Sinop: The population of 2015 is 204,133 people in Sinop. In 2014, average amount of waste per
capita is 1.41 kg / person day and the amount of municipal waste collected is 57,592 tons / year.

Rize: The population of the year 2015 is 328,979. In 2014, average amount of waste per person is
0.97 kg / person days and the amount of municipal waste collected is 78,516 tons / year.

Trabzon: The population of the year 2015 is 768,417. In 2014, average amount of waste per capita
is 0.67 kg / person day and the amount of municipal waste collected is 186,260 tons / year.

Giresun: The population of 2015 is 428,686. In 2014, the average amount of municipal waste per
capita is 1.12 kg / person-day and the amount of municipal waste collected is 112,929 tons / year.

Ordu: The population of 2015 is 728,949. In 2014, the average amount of waste per capita is 0.8
kg / person days and the amount of municipal waste collected is 186,064 tons / year.

Samsun: The population of 2015 is 1,279,884. In 2014, the average amount of waste per capita is
0.93 kg / person days and the amount of municipal waste collected is 369,816 tons / year.

Kastamonu: The population of the year 2015 is 372,633. In 2014, the average amount of waste
per capita is 1, 72 kg / person day and the amount of municipal waste collected is 129,901 tons /
year.

Zonguldak: Population of 2015 is 595,707. In 2014, the average amount of waste per capita is 1.21
kg / person day and the amount of municipal waste collected is 183,989 tons / year.

Bartin: The population of 2015 is 190,708. In 2014, the average amount of waste per capita is 1.3
kg / person day and the amount of municipal waste collected is 41,393 tons / year.

Diizce: Population of 2015 is 360,388. In 2014, the average amount of waste per capita is 1, 49 kg
/ person day. And the collected municipal waste amount is 122,298 tons / year in 2014.

Sakarya: The year 2015 population is 953,181. In 2014, the average amount of waste per person
is 1 kg / person day and the amount of municipal waste collected is 339,826tons /y .
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Kocaeli: The population of the year 2015 is 1,780,055. In 2014, The average amount of waste per
capita is 0.91 kg / person day and the amount of municipal waste collected is 573,414 tons / year.

Istanbul: The population of 2015 is 14,657,434. In 2014, the average amount of waste per person
is 1, 16 kg / person day and the amount of municipal waste collected is 6,064,688 tons/year.

Kirklareli: Population of the year 2015 is 351,684. In 2014, the average amount of waste per
person is 1.3 kg / person day and the amount of municipal waste collected is 129,801 tons / year.

Tekirdag: Population of the year 2015 is 937,910. In 2014, the average amount of waste per person
is 1.2 kg / person day and the amount of municipal waste collected is 396,813 tons / year.
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Figure 10. Population and waste situation of the Turkish Black Sea coasts (data taken from
TURKSTAT, 2016 dataset map from Bat et al., 2018)

Biomonitoring of the Black Sea contamination

Being semi-enclosed, and often having slow rates of water renewal, the Black Sea does not
have the same cleansing capacity as the open oceans. Until recently, several tottered on the brink
of ecological disaster as a result of industrial and municipal discharges, direct dumping from ships,
oil pollution and agricultural run-off (Figure 6). The Black Sea is one of the largest areas of brackish
water in the world, eutrophication, combined with industrial pollution, has so degraded the marine
ecosystem (Zaitsev and Mamaev, 1997; Zaitsev, 2008). Because of its high rates of slow rate of water
renewal, the Black Sea is particularly vulnerable to pollution, the contaminants tending to
accumulate without degrading. Industrial pollution, particularly from rivers, mining and the dumping
of dredging and industrial waste, has also wrought havoc with the fragile ecosystem of the region.
Pollution is usually associated with anthropogenic activities, but how does it affect the aquatic
environment, for the biota that live in it?

Researches in the Black Sea revealed that human inputs discharge from sewers as well as
industrial discharges directly into the rivers and the sea (Bakan and Buyukglingor, 2000; Bakan and
Ozkoc, 2007; Altas and Bliyiikgiingor, 2007; Bat et al., 2009). Aquatic pollution may be defined as to
cover a multitude of human activities that in some way degrade the environment, from unsightly
rubbish tips to the less obvious addition of chemical and organic waste to rivers and seas. There are
many different types of pollution that change the living potential of an aquatic ecosystem. Using
water for cooling changes the temperature of the water and warm water holds less oxygen than cold,
creating a problem for the aquatic organisms. It may also affect the life cycle of the organisms that
are dependent on a temperature stimulation to start reproduction or tolerance (Bat et al., 2018).

Chemical waste may be added by factories, changing the pH of the water as well as its mineral
composition. But by far the major sources of pollution in the rivers are detergent and organic waste
from domestic and farm sewage. Biggest freshwater supplies of the Black Sea came from the north
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shore (Borysova et al., 2005). River Danube, Dnieper and Dniester are the major rivers flowing into
the Black Sea, Danube being the most pollutant one. Wastes from the European countries carried by
the Danube and pollutants carried by rivers flowing through Russia and Ukraine to the Black Sea have
been cited as playing a very big role the increase of the metals in the Black Sea (Zaitsev and Mamaev,
1997; Zaitsev, 2008).
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Figure 11. Amounts of Commercial Fertilizer Consumption (N, P and K on Plant Nutrient Substance)
in the Turkey Coasts [data taken from Ministry of Environment and Urbanisation (CSB, 2016)]

The prime effect of organic pollution is nutritional, causing an increased population of
detritus feeders, scavengers and bacteria that break down organic material. These use much more
oxygen for respiration, the oxygen level is lowered, and the stream can no longer support the
populations of biota with a great oxygen requirement. Major rivers that become so continuously
polluted in this manner first change the structure of those hot spots when they discharged into the
Black Sea. The balance of the system has lost and the more sensitive fauna disappear. It might be
seemed that plants would be all the more plenty for the increased organic content in the water, but
it also causes instability in this place and the more sensitive plants disappear. An additional effect
of domestic sewage is the increase in oxygen deficiency of the water. Even the opportunistic species
become abundant at the expense of others. The large effect of organic pollution is to compose an
imbalance in the environment which changes the competitive status of the species living in it, so that
a few species become abundant and those that are characteristic of the ex-community disappear.
Thus, there is always a lowering of the species diversity of a habitat when pollution occurs. Most of
the evidence for changing fauna will be found in the benthic organisms. As organisms will also vary
according to the type of deposit on the bed it is necessary to sample each bottom type at any sample
point (Bat et al., 2018).

Marine ecosystem is threatened by oil spillages, the disposal of domestic, agricultural and
industrial waste, including the discharge of pesticides, warm water and heavy metals. The sea has
long been regarded as a bottomless dustbin into which man can throw all his rubbish in the belief
that it will disappear. As the population throughout the Black Sea coast has increased, and the
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communities have grown more affluent, it has become clear that the sea cannot absorb all the
rubbish. In this case it causes radical changes in the Black Sea (Bat et al., 2018).

1.2.7. The State Of The Environment On The Bulgaria Coast

Bulgaria lies Southeast Europe and in the south-eastern part of the Balkan Peninsula off the
Black Sea coast. It is bordering Romania to the north, Serbia and North Macedonia to the west, Greece
and Turkey to the south, and the Black Sea to the east. The northern border with Romania follows
the river Danube until the city of Silistra. Bulgaria has a dense river network but with the notable
exception of the river Danube, they are generally short and with low water flow. The mean annual
precipitation is 670 mm; the rainfall is lower in the lowlands and higher in the mountains. The driest
region is Dobrudzha in the north-eastern part of the Danubian Plain (450 mm), while the highest
rainfall has been measured in the upper valley of the river Ogosta in the western Balkan Mountains
(2293 mm). The Bulgarian Black Sea coast has a total length of 378 km from Durankulak in the north
to the mouth of the river Rezovska in the south. Large of them are significant tourist centers
(Chilikova-Lubomirova, 2020). The northernmost section between the Bulgarian and Romanian border
to Shabla has mostly sandy beaches and many coastal lakes, then the elevation rises as the coast
reaches Cape Kaliakra, with 70 m high vertical cliffs. Near Balchik and Kavarna the limestone rocky
coast is cut by wooded valleys. The landscape around the coast resorts of Albena and Golden Sands
is hilly, with a clearly expressed landslides. South of Varna the coastline is mostly wooded, especially
at the alluvial longose groves of the Kamchia Biosphere Reserve. Cape Emine marks the end of the
Balkan Mountain and divides the Bulgarian Black Sea coast in northern and southern parts. The
southern section has wide and long beaches, with a number of small bays and headlands. All Bulgarian
Black Sea islands are situated in the southern coast: St. Anastasia, St. Cyricus, St. Ivan, St. Peter and
St. Thomas. Sandy beaches occupy 34% of the Bulgarian coastline. The two most important gulf are
the Gulf of Varna in the north and the Gulf of Burgas in the south, which is the largest in the Bulgarian
Black Sea coast (Donchev and Karakashev, 2004). The two largest cities and main seaports on the
Bulgarian Riviera are Varna (third largest in the country) and Burgas (fourth largest in the country).
Varna is located on the northern part of the coast and Burgas is located on the southern coast
(https://www.nationalgeographic.org/media/red-riviera/). The Bulgarian Black Sea coast, situated
in the Western part of the Black Sea, has a 378 km long coastal line, 140 km of which occupied by 78
beaches. 14 of 262 state municipalities are located in the coastal zone. The Bulgarian Black Sea
coastal zone is 5.21% of the country territory and hosts 8.85% of the national population Atanas and
Stanchev, 2006 and 2007).

Atanas and Stanchev (2006 and 2007) pointed out that coastal zone representing the boundary
between sea and land is a highly dynamical and sensitive area that comprises a large variety of natural
resources. Population increase in the littoral reasons rapid urbanization of the coast, development
of infrastructures, transport system and thus, coastal ecosystems undergo pressure and happen
vulnerable to contamination, habitat degradation and loss, overfishing, and increased coastal
hazards. Increased tourism development over the recent years is an extra risk factor for the Bulgarian
Black Sea coastal zone. It was indicated that the coastal zone is a limited and very vulnerable land
area, the high population increase due to tourism is one of the most hazardous factors for coastal
zone sustainability. Although tourism growth and coastal development give rise to a number of
economic benefits, they also could lead to loss of habitat, green space, and biodiversity (Atanas and
Stanchev, 2007).
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Figure 12. Bulgarian Black Sea municipalities (from Atanas and Stanchev, 2006)

Bulgaria has a population of about 7.2 million people (Chilikova-Lubomirova, 2020). The
anthropogenic activities impact water formation in Bulgaria. Hydrotechnical and hydromelioration
facilities change water runoff patterns, capture and store water quantities in periods of high water,
which are then used for drinking, electricity, irrigation, industrial purposes etc. Large dams such as
“Iskar”, “Koprinka”, “Kardzhali”, “Studen Kladenets”, “Ivaylovgrad”, “Belmeken”, “Al.
Stamboliyski” and other have been constructed in Bulgaria (Velichkova et al., 2020). Tapping of
numerous springs changes the runoff and water quantity in some rivers. Anthropogenic influence is
mostly negative. It is pointed out that water pollution with toxic substances from industrial water,
mineral fertilizers, pesticides and products for plant and biological protection; domestic wastewater
and others (Velichkova et al., 2020). Velichkova et al. (2020) also indicated that rivers in Bulgaria
have little catchment areas, because of the small territory of the country, water borders with the
Black Sea and the Danube, the proximity to the Aegean Sea, and the location of Balkan Mountains in
the middle of the country. The flow of rivers in Bulgaria is directed to two runoff basins, namely the
Black Sea and the Aegean. The larger of catchment areas and rivers pertain to the Black Sea
catchment area with 57% of the country area, with only a small part of the territory with 12% being
drained by rivers that flow directly into the Black Sea. Much of the Black Sea basin rivers flow into
the Danube. The majority Bulgarian rivers flowing into the Danube are the Topolovets, the Voinishka,
the Vidbol, the Archar, the Skomlya, the Lom, the Tsibritsa, the Ogosta, the Skat, the Iskar, the Vit,
the Osam, the Yantra, the Rusenski Lom. Some of the larger Bulgarian rivers that flow directly into
the Black Sea are the Batova, the Kamchia, the Dvoinitsa, the Hadzhiiska, the Aitoska, the Sredetska,
the Fakiiska, the Ropotamo, the Dyavolska, the Veleka and the Rezovska rivers. The rivers that belong
to the Aegean Basin are the Maritsa, the Struma, the Mesta, the Arda, the Tundzha and their
tributaries. They drain 43% of the country’s territory (Velichkova et al., 2020). Contamition of the
Bulgarian Black Sea refers to various discharges by rivers, municipal and industrial sources,
agriculture etc. (Dineva, 2011). Dineva (2011) listed on the names of the rivers that discharge into
the Bulgarian Black Sea are in order the Kamchia River, the Aheloy River, the Batova River, the
Dyavolska River, the Dvoinitsa River, the Hadjiska River, the Karaach River, the Rezovska River, the
Ropotamo River, and the Veleka River. In Bulgaria, the annual river discharge directly into the sea is
1.2 km?; if the discharge from rivers flowing into coastal lakes is included, the total is 1.8 km?3. Up to
0.5 km? is removed annually and not returned (Jaoshvili, 2002).

Dineva (2011) showed that total rivers discharge into the Bulgarian Black Sea ranges from
556.35 x 106 m3 yr'' to 2994.75 x106 m* yr'', and the Kamchia River has considerable contribution
with water discharge between 179.29 x 106 m® yr'' and 1475.28 x 106 m? yr'! between 1998 and 2005.
In addition, the other major rivers, forming the watershed of the Black Sea in Bulgaria are the
Rezovska River and the Veleka River, with discharge respectively up 248.69 x 106 m* yr' and 577.49
x 106 m? yr' between 2003 and 2005.

A very big problem is the deterioration of freshwater quality due to the disposal of industrial
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and domestic wastewater (Velichkova et al., 2020). Velichkova et al. (2020) indicate that a large
part of the rivers, are heavily contaminated by wastewater and sewage waters of the settlements.
The industry is the most contaminating water approximately 86% of all contamination. Industry
sectors are the most polluting industries and companies in the chemical, petrochemical and rubber
industries nearly 74%. They are also heavily polluted by metallurgy and pulp-paper industry.
Communal-household activity has a relative share in total pollution of only 3.2% and agriculture and
construction by about 1%. Agricultural activities also significantly pollute the waters. The pollution
is predominantly with nitrates, sulphates, and chlorides due to the inadequate fertilization of the
arable land with mineral fertilizers, the inadequate irrigation of specific areas of the arable land.
Strongly pollute water and wastewater from livestock farms. Mostly river transport via the Danube,
is also a hazard pollutant. River water is contaminated by the wastewater of a number of big
settlements in Central Europe. However, part of their contamination is also the outcome of transport
by dumping of contaminated water, spent fuel, spillage of oil and oil products in the Danube River
(Velichkova et al., 2020). Dineva (2011) pointed out that almost forty years the major rivers that run
into the Black Sea have been dumping massive quantities of industrial waste into it, resulting in
significant harm to the coastal ecosystem. The Black Sea is still the most popular tourist destination
for people in nearby countries especially Bulgaria. It is also noted that the big volume of traffic
passing through the area - both people and goods, including gas and oil on its way from the Caspian
Sea - mostly transported on tankers is the important issue. Moreover, large construction work was
underway on pipelines (Dineva, 2011). Jaoshvili (2002) pointed out thatt the rivers in Bulgaria
transport about 450000 m? load to the Black Sea. The bulk of this load is of small particle size and no
more than 5000-100000 m? remains in the coastal zone, forming beaches. Under natural conditions
the rivers of Bulgaria would contribute 850000 m?3 of sediment load to the sea. Zaitsev and Mamaev
(1997) pointed out that the Varna Bay region, which borders the north-western part of the Black Sea,
is influenced by Danube water and, to a greater extent, local discharges.

Dineva (2011) compared the Biochemical Oxygen Demand values used to evaluate the degree
of organic pollution in waters with countries that have a coast to the Black Sea. Dineva (2011) draws
attention that organic pollution of the Black Sea through rivers is caused by the Danube River with
75 % while the share of rivers of Ukraine, Russia, Turkey, Romania, Georgia and Bulgaria ranges from
1% to 6 %, with 1% of Bulgaria's Rivers, and the Dniepr River rate is 5 %. It is stated that organic
pollution originates from rivers and domestic. Organic pollution discharge into the Bulgarian Black
Sea by rivers, measured by Biochemical Oxygen Demand values, ranges from 2000 t yr' to 7158 t yr
', with share of the Kamchia River between 608 t yr' and 4146 t yr' during 1998-2005 (Dineva, 2011).
Moreover, organic pollution discharge into the Bulgarian Black Sea by major rivers, assessed in
Biochemical Oxygen Demand found between 3 tyr' for the Dyavolska River and 1040 tyr for the
Veleka River during 1998-2005 (Dineva, 2011).

Eutrophication is an important environmental issue since it occurs in a deterioration of water
quality and is one of the significant impediments to achieving the quality objectives set by the Water
Framework Directive (2000/60/EC) at the European level. This process may result in oxygen depletion
of the water body. Nutrient enrichment is owing to an over quantity of phosphorus and nitrogen
compounds. Dineva (2011) demonstrated that total nitrate nitrogen and orthophosphate phosphorus
discharge into the Black Sea by Bulgaria's rivers is from 885 t N yr! to 5098 t N yr'' and from 65 t P
yr' to 1141 t P yr'' with the Kamchia River's contribution from 520 t N yr' to 3278 t N yr'' and from
36 to 222 t P yr' during 1998-2005, respectively.

Dineva (2011) also showed that heavy metals discharge into the Bulgarian Black Sea by rivers
is mainly formed by the Kamchia River as its total Cd, Zn, Pb and Cu discharges are up to 10 t yr'',
125 tyr', 118 t yr' and 44 t yr'' between 2003 and 2005, respectively.

Total petroleum hydrocarbons discharge into the Bulgarian Black Sea by rivers is up to 458 t yr'!, with
the Veleka River's discharge up to 116 t yr'!, and the Rezovska River's discharge - up to 50 t yr' during
2004-2005 (Dineva, 2011).

Dineva (2011) concluded that the main environmental threats for the Bulgarian Black Sea
come from untreated or not adequately treated waste waters, eutrophication (excess of nutrients),
chemical pollution (toxic substances), oil spills, agricultural activities, treated with fertilizers,
livestock farming and using of the natural organic fertilizers, by automobile transport, and by illegal

30

. ©



*
* oy K

uuuuuuuuuuu

soitBsBCpnine o

Project funded by
EUROPEAN UNION

domestic solid waste disposal.

Chemical pollution

Stancheva et al. (2010) studied on heavy metals (Cd, Mn, Fe, Cu and Pb) and polychlorinated
biphenyls (PCBs) levels in muscle tissue of bluefish (Pomatomus saltatrix) from the coast of Bulgarian
Black Sea. Pb and Cd were below the detection limits for the samples from year 2004. The levels of
iron showed the highest value through the two-year period of investigation
(from 6.51pg/g up to 7.06 pg/g). PCBs were found in all samples with maximum level in year 2004 (
2 PCBs = 9.1. mg/kg product). The levels of these organochlorines are considered to be comparable
to baseline levels. From an ecotoxicological point of view, the concentrations of heavy metals and
polychlorinated biphenyls compounds reflect a comparatively clean and pollution-free environment.

Peteva et al. (2018) studied on the concentrations of polychlorinated biphenyl congeners
(PCBs) and organochlorine pesticides (DDT and its metabolites) in bluefish (Pomatomus saltatrix),
garfish (Belone belone), sprat (Engraulis encrasicholus ponticus) and mussels (Mytilus
galloprovincialis) and marine biotoxins in mussels from the Black Sea coasts of Bulgaria. They found
the mean levels of I-PCBs ranged between 6.78 ng/g wet wt. and 16.33 ng/g wet wt. (garfish and
bluefish respectively). The sum of I-PCBs in all seafood studied did not exceed the EU maximum level
and the analysed marine biotoxins were under the limit of detection.

Stancheva et al. (2013a) determined and compared Pb, Cd, As and Hg levels in edible tissue
and gills of grey mullet (Mugil cephalus) from two different Black sea areas - Varna Lake and Nesebar.
The samples from both regions showed the higher concentrations of arsenic in edible tissue than gills,
especially from Region of Nesebar (1.1 mg/kg wet wt.). The results for other heavy metals are several
times lower than arsenic and were found between 0.01 and 0.12 mg/kg wet wt. All studied elements
except arsenic found higher levels from Varna Lake grey mullet compared with Neserbar region
samples.

Stancheva et al. (2013b) studied on the heavy metals content (Pb, Cd, Hg and As) in edible
part of two commercially important fish species from Bulgarian Black Sea - sprat (Sprattus sprattus)
and goby (Neogobius melanostomus). They found Cd and Pb amounts were relatively low in both
species while those for As concentration show higher value for sprat. The amounts of Hg for sprat
and goby are also under permitted levels for fishes for human consumption. The Pb, Cd, Hg and As
levels in sprat were 0.08 + 0.02, 0.005 + 0.001, 0.73 + 0.05 and 0.12 + 0.02 mg / kg wet wt.,
respectively. The Pb, Cd, Hg and As levels in goby were 0 0.03 + 0.01, 0.006 + 0.001, 0.66 + 0.05 and
0.05 £ 0.01 mg / kg wet wt., respectively. Results showed that both species studied are safe to be
consumed.

Zhelyazkov et al. (2018) studied on the heavy metal concentrations in mussels (Mytilus
galloprovincialis) and veined Rapa whelks (Rapana venosa) caught in the Varna Bay of Black Sea and
evaluated the risk for human health. The largest mean levels in mussels were those of cadmium
(0.280 mg/kg), followed by lead (0.251 mg/kg) and mercury (0.017 mg/kg). Veined Rapa whelks also
showed largest amounts of cadmium (1.113 mg/kg), followed by lead (0.045 mg/kg) and mercury
(0.034 mg/kg). Estimated Daily Intake values for adult people consuming mussels and veined Rapa
whelks were below the published reference dose and provisional tolerable weekly intake values. All
target hazard quotient and hazard index values were found below 1. The consumption of M.
galloprovincialis and R. venosa from Varna Bay of the Black Sea, did not toxic any risk for the health
of adult people as lead, cadmium and mercury were concerned.

Stancheva et al. (2014) studied on heavy metals (Cd, Ni, Cr, As, Hg Cu, Fe, Mn, Pb and Zn)
amounts in edible tissues of five most consumed Bulgarian fish species - bluefish (Pomatomus
saltatrix), grey mullet (Mugil cephalus), Mediterranean horse mackerel (Trachurus mediterraneus
ponticus), shad (Alosa pontica) and sprat (Sprattus sprattus sulinus) collected from two regions of
Bulgarian Black Sea coast - Varna and Bourges. The arsenic amounts in the edible part of Mugil
cephalus has shown a value higher than limits set from many health standards (1.1 + 0.1 mg/kg). On
the contrary this fish species accumulates the other investigated heavy metals such as Hg, Zn, Fe and
Pb to lower extend. The concentration of Zn and Fe showed the highest value for all fish species.
With some exceptions the concentration of studied heavy metals was within the acceptable levels
for food source for human consumption.
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Makedonski et al. (2017) studied on Cd, As, Hg, Pb, Zn and Cu amounts in edible part and gill
of sprat (Sprattus sprattus sulinus), Mediterranean horse mackerel (Trachurus mediterraneus
ponticus), Black sea gobies (Neogobius melanostromus), shad (Alosa pontica), Atlantic bonito (Sarda
sarda), bluefish (Pomatomus saltatrix) and grey mullet (Mugil cephalus) from Nessebar and Balchik
of the north-east coast in the Black Sea. The maximum metal concentration was measured for Cu
(1.40 mg/ kg wet wt.), Zn (11 mg/ kg wet wt.) and Pb (0.08 mg/ kg wet wt.) in muscle tissues of
shad and sprat. The edible part of horse mackerel has the maximum value for Hg (0.12 mg/ kg wet
wt.) while Atlantic bonito predominantly accumulates As (1.10 mg/ kg wet wt.). The results of the
study were compared within acceptable limits for human consumption set by various health
institutions.

Marine litter

Moncheva et al. (2016) carried out he scientific survey during the MISIS Project Joint Black
Sea Cruise (22-31 August, 2013) along 3 transects in the North-Western Black Sea - in front of
Romania, Bulgaria and Turkey at 6 polygons. The polygons surveyed area ranged from 1250 to 7925
m2, covering a total of 19 855 m?. The abundance and distribution of marine litter showed
considerable spatial variability. Marine debris densities ranged from 304 to 20 000 items/km? in
average - 6359 items/km? (SE = 2015). The number of items decreased from north to south with
maximum in front of Romanian coast. The densities were approximately 3 times less in front of
Bulgaria (9598 items/km?) and Turkey (7956 items/km?). In coastal areas (< 40 m depth), the
abundance of marine litter was generally much higher than on the continental shelf. In the three
coastal polygons, fishing and tourism related activities obviously contributed significantly to littering
of the seafloor. The marine debris at the coastal sites (9234 items/km?) exceeded about two times
shelf density (5603 items/km?), the only exception was the observed area in front of Bulgaria. It was
found plastics material the most frequent and abundant debris were constituting ~ 68 %. The nature
of the marine litter suggested mainly shipping/fishing origin (Moncheva et al., 2016).

Simeonova et al. (2017) provides one example of the surveys conducted on beaches along the
Bulgarian Black Sea coast. These surveys identified a predominance of artificial polymer materials
with densities between 0.0587 + 0.005 and 0.1343 + 0.008 items m.

Simeonova and Chuturkova (2019) made quantitative assessment of marine litter along the
Bulgarian Black Sea coastline. The surveys were performed every season in a total of eight beach
monitoring sites during 2015-2016. Eight main categories of material were determined, based on
standard OSPAR monitoring protocol. Annual accumulation of 19,805 nos. was recorded and the
greatest was the number of items related to artificial polymer materials category - 16,690 nos. They
found that the most dominant in this category were cigarette butts and filters - 4496 nos., followed
by plastic caps/lids drinks - 1413 nos. and cups and cup lids - 1194 nos. In terms of the contribution
of marine litter types to the coastal pollution, presented by number and weight of items, the highest
number was cigarette butts and filters - 29.7%, followed by plastic caps/lids of beverages - 9.4%;
plastic cups and cup lids - 7.9%, etc. According to the weight drink bottles > 5 L exhibited highest
percentage - 30.7%, followed by shopping bags incl. pieces - 15.5% and drink bottles < 0.5 L - 13.2%
(Simeonova and Chuturkova, 2019).

The results from one of the pilot studies of the floating marine litter and microplastics along
the Bulgarian Black Sea coast revealed high quantities of floating litter (60.3-93.8 items/km?). The
microplastic concentrations (1.14x10% -1.91x10° items/km?, 0.33-490.52 g/km?) were on mean lower
than those in the other parts of the Black Sea, the Baltic Sea and the Mediterranean Sea, although
the observed ranges were similar (Berov and Klayn, 2020).

1.2.8. The State Of The Environment On The Armenia Coast

Armenia continues to face problems with respect to air, water, soil pollution, and threatened
ecosystems that may bear significant political and economic consequences. According to a recent
survey, 88 percent of the Armenians polled believe that Armenia’s environment is deteriorating
(Danielian and Dallakyan, 2007).

Republic of Armenia is the landlocked country on the crossroad between Europe and Asia
(southeastern Europe/western Asia, east of Turkey, north of Iran and south of the mountainous
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Caucasus region (Transcaucasia), which also does not remain indifferent from the global
environmental challenges. Global environmental challenges are effected and linked to the local
issues, such as loss of biodiversity, over-use of natural resources and environmental and health issues,
poverty and the sustainability of ecosystems.

Armenia is located in the Middle East, between Turkey and Azerbaijan. Due to Armenia's

geography and its history of being part of the Soviet Union in the 20th century, many environmental
issues have emerged due to pollution (Environmental issues in Armenia).
Among them is Energy usage, due to its geography it relies on other countries for energy, but also
uses nuclear energy. Also, one very important issue is that of Lake Sevan which has shown to be
important in the running of the country. Lastly, deforestation has proven to be a very important issue
to Armenia doe to the loss on trees and the lack of wood. Yet, it is prominent to point out that in all
of these issues information technology could prove to be both helpful and harmful, but most
prominently in the Energy sector where nuclear energy is present.

Energy is an important resource that every country needs, Armenia is no exception. However,
due its geographic location, it can hardly create energy due to its lack of natural resources. Armenia
relies on oil that comes from Georgia and Azerbaijan (Kazarian). However, it does create energy using
the Soviet-era nuclear plant, Metzamor Nuclear Power Plant, to create nuclear energy. It is precisely
this that is causing many environmental problems due to radioactivity.

One other most important environmental hazard is Lake Sevan because of the great
exploitation it has undergone. Lake Sevan has been suffering from water pollution as well as a
decrease in its size over the years (Lake Sevan Case). This is due to the fact that during the Soviet
era, this lake had been exploited for hydro power energy resulting in the reduction of the volume of
the lake. This greatly impacted the agriculture because "Lake Sevan's water was drained in order to
provide the Ararat Valley with irrigation water for farms,” (Lake Sevan). And it was also because of
this that the Lake's volume decreased. Due to the decrease in the available water and the man-made
pollution cause by dumping waste on the lake, the bio-diversity of the lake also started to drop (Lake
Sevan Case). More and more the sea population began to decrease. Though this issue is very important
many advances, like the regulation of trout and the amount of water used from the lake, have made
it possible for the lake to go back on track to its original state, though the lake itself can be pretty
dangerous because it's polluted.

Deforestation has proven to be one of the leading environmental problems in Armenia as well
because it is causing the reduction of trees in Armenia which can be necessary as fire wood in the
winter. The reason why deforestation is growing at an alarming rate is because if the lack of
governmental policy to protect the forests and because of the economic profit it gives corporations
that benefit from timber financially (Deforestationand Illegal Logging). Deforestation is very
important because it means lack of resources in Armenia and if trees are lost the whole country will
not only lose money but a healthy environment where trees are the source of energy.

Armenia has been dealing with many environmental problems that have resulted in the loss of
natural resources, life, and energy. Energy alone has proven to be more harmful because it is using
nuclear power which could be dangerous for the Armenian population. Lake Sevan has been polluted
and as a result has been responsible for biodiversity to decrease overtime. Through illegal cutting of
trees the country has been losing much of its forests and as a result a valuable resource needed in
order to protect them during the winter.

Environmental Isues:

1.) Deforestation

2.) Water pollution: lake Sevan is polluted with human chemicals and an over use of its water for

energy.

3.) Nuclear plants: nuclear plants can contaminate the air and the surrounding areas if theay are

not properly contained and overseen.

Armenia’s environment became severely polluted during the Soviet period. The Soviet
government pushed heavy industry development to a massive scale, throughout the Soviet Union. The
government ignored the environmental harm caused by these industries for too long, but in the 1980s
liberalizing political reforms in the USSR resulted in the formation of environmental groups, which
began to express concerns about the state of the environment.

33

. ©



*
* oy K

coorErRATION \S

soitBsBCpnine o

Project funded by
EUROPEAN UNION

Due to the pressure of these groups, several factories in Armenia that were sources of severe
pollution were closed, starting from 1989. One of these, a rubber and chemical plant in Nairit,
reopened in 1992. as Armenia needed the income generated by exporting the plant’s products.
Although national environmental laws have been put into effect in Armenia since it became
independent, no comprehensive environmental protection program has emerged, and environmental
initiatives are typically addressed to an ad hoc basis.

In an attempt to offset a six-year-old energy crisis caused by blockades by Azerbaijan and Turkey,
the Armenian government in mid-1995 reactivated a nuclear power plant at Metsamor, close since
1988. after the catastrophic earthquake in northern Armenia.

Environmental groups opposed reopening of the plant, since it poses an environmental threat.
Although it is in an earthquake-prone area, it was not built to withstand earthquakes. Portions of
Armenia also were rapidly deforested during the winters of 1992, 1993, and 1994, as trees were often
the only available source of fuel.

Armenian government claims they are ready to shut the plant down, as soon as they get able
to replace its energy production with alternative energy sources. Soil intoxication is yet another
problem and a result of reckless use of pesticides, in order to increase the yield. Usage of DDT has
poisoned both soil and the rivers.

The country is almost entirely dependant on importing energy. The only domestic energy
resource in use is hydropower, providing about 30% of energy demands, and the single nuclear power
plant. All the natural gas for now comes from Russia, and existing inaccurate estimate of coal reserves
is basis for opening a state owned coalmine.

Renewable energy sources are scarce except for the water and the wind, which might
represent significant resources for the future. From 2001, 7.6% of the land in Armenia has obtained
the status of protected areas.In further attempts to protect biodiversity, 10 fauna species have
received a status of endangered species, from 2001 onwards.

Climate change:

Caucasus region already suffers serious consequences of climate changes on biodiversity and
deposition of ice and snow, but climate would also have a significant effect on climate-dependent
economy. One of most obvious effect on nature will be landscape zones shift towards higher altitudes,
such as desert and semi-desert area which will expand for 33%, while sub-alpine and alpine zone will
be reduced up to 22%. It is expected reduction of river flow, precipitation in continental regions and
of agriculture yield, and increase of draught rate, precipitation in Sevana lake area, as well as
expander of habitats of natural carriers of malaria and plague.

Armenia, bordering Georgia and Azerbajan, is sharing some of the same ecosystems and
biodiversity of the Caucasus region, which is one of the riches areas in diversity, in Europe. However,
species extinction within the region is reaching alarming rate. Therefore, the country will face same
consequences of Caucasus range ice sheet melting, water reserves and biodiversity loss as two other
neighboring countries.

1.2.9. The State Of The Environment On The Greece Coast

The Black Sea is aseain Southeastern Europe. It is bounded by Europe, Anatolia and
the Caucasus, and drains through the Mediterranean into the Atlantic Ocean, via the Aegean Seas and
various straits. The Bosphorus Strait connects it to the Sea of Marmara, and the Strait of
the Dardanelles connects that sea to the Aegean Sea region of the Mediterranean (Figure 8). These
waters separate eastern Europe and western Asia. The Black Sea is also connected to the Sea of
Azov by the Strait of Kerch.
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Figure 13. Showing the Black Sea, Sea of Marmara, Aegean Sea and Mediterranean Sea

The Mediterranean both joins and divides Europe, Asia, and Africa, continents as different,
in their way, as any on Earth. It covers 2,500,000 km? and the deepest point being more than 5000
m. The Mediterranean is one of the most beautiful of seas, in the case of richness and variety. In
parts of the north and west, industrial waste is poured directly into the sea, while on the south coast
and in the east, many countries striving for development are adopting the very technologies that
have been shown to be so damaging in the European countries. Urban wastewater is discharged into
the sea without any kind of treatment. Oil tankers leave behind them a trail of pollution. The fishing
grounds are relentlessly exploited, while animals, such as the monk seal, the marine turtles, and the
dolphins, are in real danger of disappearing from the sea. There are big cities, industrial plants, and
agriculture around the Mediterranean. The scale of anthropogenic activities in the plain increases
pollution dramatically occurs. Tons of many heavy metals, together with persistent synthetic
compounds, enter and urban sewage reaches to the Mediterranean via the rivers every year. As a
result the risk of disease is so high. Toxic metals and synthetic chemicals, lack of oxygen, and too
many nutrients make life hard for the aquatic organisms of the Mediterranean. The marine life of the
Mediterranean has seen a remarkable change in the lives of the people around its shores, linked by a
massive increase in pollution, from domestic, industry, and intensive farming (Bat and Arici, 2018).

Some 480 million people live in the countries of the Mediterranean basin and they make demans
on its resources.Waters from cities and towns, factories and farms run into the Mediterranean, some
come directly from the coasts, however most runs from major rivers namely the Nile, the Ebro, the
Rhone and the Po. Together with the unremitting pressure from the effects of the fishind and
touristic activities that are destroying the natural life of the marine ecosystems.

The Aegean Sea is a semiclosed sea as a part of Mediterranean. The Aegean Sea covers nearly
214,000 km? in area and the sea’s maximum depth is 3543 m. This sea is the connection for oil
transportation between Black Sea and Mediterranean Sea. Shipping is the major problem in the
Aegean Sea; approximately 90,000 vessels reach its straits per year (Oztiirk et al., 2006). Besides
dense international shipping traffic, there is considerable local maritime traffic caused by cruising
and yachting. Eutrophication is one of the most visible dangers facing the sea. Algal blooms cause
decay used up the oxygen in the water and killed thousands of fish and other organisms in nearly
every summers. Even when marine biota are not killed outright, the effluent has an effect. Blooms
have also been reported in Elefsis Bay in Greece and in Izmir Bay in Turkey. There have been enormous
increases in energy consumption, the extraction of raw materials and their transportation across the
sea and beyond and in manufacturing and consumption. There is now strong evidence that clear signs
of deterioration in the health of the marine ecosystem and changes that its shores with massive
increase in contamination, from domestic, industry, touristic and intensive farming.

Greece is a country of the Balkans, in Southeastern Europe, bordered to the north by Albania,
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North Macedonia and Bulgaria; to the east by Turkey, and is surrounded to the east by the Aegean
Sea, to the south by the Cretan and the Libyan Seas, and to the west by the lonian Sea which separates
Greece from Italy. Reuters (2007) informed that most coastal cities, including the capital Athens,
northern port city of Thessaloniki and Patra in southwestern Greece, are indicated by the United
Nations and the European Environment Agency to be major contaminants owing to partly untreated
industrial and household wastewater. The U.N. Environment Programme and the European
Environment Agency pointed out that the bay of Elefsis near Athens with about 1,000 industrial
plants, including shipyards, iron and steel works and refineries, was polluted by heavy metals, among
other things. The nearby Saronic Gulf washing the capital’s southern coastline is similarly polluted
with industrial and primary treated.

a0

Figure 14. Geography of Greece (from By Captain Blood - Originally created for English Wikipedia,
CC BY-SA 3.0)

It is known for many years that heavy metals can be extremely toxic, however believed that
anthropogenic activities disharged insignificant anounts into the environment compared to natural
geological processes. Discharges from industrial and sewer pour directly into the river and the sea.
Voutsinou-Taliadouri and Varnavas (1995) studied on Cd, Pb, Cr, Cu, Zn, Mn, Ni, Co and Fe
concentrations in surface sediment samples from Thermaikos Gulf. They indicated that that Pb, Cu
and Zn had the same source of contamination in the following order of importance: the sewage
outfall, the industrial zone and the Axios River.

Voutsinou-Taliadouri et al. (1999) studied on trace elements, pesticides and PCBs levels in
sediments of Thermaikos bay where was influenced by anthropogenic activities. They found rrganic
carbon contents were between 0.47% and 3.30 %, Fe 1.94-3.00 %, Cr 121-305 ppm, Ni 60-120 ppm,
Mn 460-1350 ppm, Zn 73-220 ppm, Co 14-20 ppm, Cu 17-60 ppm and Pb 20-180 ppm. Total PCBs
concentrations ranged from 0.8 to 88.2 ng/g, while total DDTs ranged from 1.5 to 22.8 ng/g. Atrazine
ranged from <0.1 to 0.8 ng/g, simazine and alachlor ranged from <0.1 to 0.3 ng/g. It was concluded
that organic carbon and Pb, Cu, Zn and Cr showed a clear influence from the three anthropogenic
contamination sources, namely the industrial zone, the port and the sewage outfall (Voutsinou-
Taliadouri et al., 1999).

Aloupi and Angelidis (2001) studied on geochemistry of natural and anthropogenic metals in
the coastal sediments of the island of Lesvos in the Aegean Sea. They found that only sediments of
the harbour of Mytilene were contaminated with the discharge of untreated urban effluents.
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Pavlidou et al. (2002) studied on the hydrology and to estimate the ecological status of the
coastal ecosystem of the Strymonikos Gulf impacted by the riverine waters of the Strymon River.
Total hydrocarbon concentrations in sediments were found between 19.2 and 95.9 pg/g, whereas
total polycyclic aromatic hydrocarbon (PAH) values varied between 107.2 and 1019 ng/g. DDTs
showed the highest levels of all the organochlorines determined, whereas polychlorinated biphenyl
(PCBs) clevelss were low. It was concluded that Riverine input seemed to be the major source for all
the compounds.

Stamatis et al. (2002) studied on Cu, Pb, Zn, Cr and Ni amounts in surface sediment samples
from Strymonikos and lerissos Gulfs. They showed that the sediment of lerissos Gulf is more polluted
with Cu, Pb and Zn as compared to that of Strymonikos Gulf. The most contaminated area for Pb, Zn
and Cu in both gulfs is the benthal area situated near the load-out facility of the mining operations
in Stratoni Bay. It was indicated that the inshore northwest region of lerissos Gulf is one of the most
contaminated coastal ecosystems of the east Mediterranean by Pb and Zn (Stamatis et al., 2002).

Sawidis et al. (2002) studied on trace metal concentrations in marine macroalgae from
different biotopes in Greek coasts of the Aegean Sea. Zn levels in Cladophora and Gracilaria were
57.9 and 155.3 mg/kg dry wt. from Kalochori, respectively. They found similar trend for Mn in both
seaweeds from same site but not for Ni and Cu. It was indicated that increased amounts near
industrial areas of Thessaloniki and Volos were most probably the results of mnicipal sludge and
industrial wastes. Similarly high Mn levels were found in the Thermaikos Gulf reflected discharges of
water from industrial activities as hihg Cu levels at Krini. Sawidis et al. (2002) pointed out that Cu
levels in Enteremorpha and Ulva from contaminated sites ranged from 20 to 70 mg / kg dry wt. and
14 to 134 20 to 70 mg / kg dry wt., respectively.

Grimanis et al. (1978) studies on As, Cd, Co, Cu, Fe, Hg, Rb, Sb, Se, and Zn levels were in
two edible fishes Sargus annularis and Gobius niger caught from polluted and unpolluted areas of the
Aegean Sea. Increased levels of As were found in the edible tissues of Sargus annularis from the
polluted areas studied. The highest Hg value found in Mytelene Harbor as 0.46 ppm wet wt. and it
was concluded that both fish from the upper Saronikos Gulf and Mytelene Harbor were safety for
human consumption (Grimanis et al., 1978).

Kelepertzis (2013) studied on Pb, Zn, Mn, Cu, Ni, Cr levels in the limpet Patella sp. were
collected from a typical control coastal site (Artemida) and a metal contaminated marine
environment (Stratoni), situated in Greece. It was pointed out that high Pb, Zn and Cu levels in
Patella sp. from Stratoni should be imputed to geological-mineralogical factors, owing to the natural
enriched heavy metal substrate of the broader mineralized region. It was also indicated that the
importantly higher Pb, Zn and Cu levels Patella sp. from Stratoni might be directly related to
contamination of the marine environment owing to the past mining activities.

Giannakopoulou and Neofitou (2014) studied on the heavy metal (Cr, Cu, Zn and Cd) levels
in the body tissues of two fish species namely Mullus barbatus and Pagellus erythrinus from Pagasitikos
Gulf in Greece. They showed that metal levels in the edible parts of both fish had no any risk for
human consumption.

Valavanidis (2018) very recently detail reviewed of the last 20 years studies on environmental
pollution of marine and coastal areas in Greece and attracted attention that Greece with a coastline
of approximately 18,000 km medium and severe marine and coastal environmental pollution has an
important issue for Greece in the last decades. In this review, it has been stated that the biggest
problem of the Greek coastal ecosystem and marine protected areas is erosion with a share of 30%.
Valavanidis (2018) pointed out that the major significant marine contamination includes discharges
of ship fuel, untreated discharges of municipal and industrial liquid and solid waste, agricultural and
stock farming effluents, depletion of marine species by overfishing, overexploitation of living marine
resources and coastal loss of marine ecosystem. It has also been reported that the rapid spread of
tourism and urbanization in the coastal areas, and the threat of sea and coastal degradation. It has
also been stated that sewage continues to be the largest source of contamination (Valavanidis, 2018).
Greece also has a wide variety of environmental problems mainly from stock farming sewage,
agricultural effluents, municipal and industrial waste due to its large number of coastal sea areas
and semi-enclosed bays. It was reported the untreated sewage effluent of 600-750,000 m? per day
accumulated toxic contaminant at Saronikos Gulf in where, very large amounts of Sn, As, Cr, Au, Hg,

37

. ©



*
* oy K

coorErRATION \S

soiiBsBCnine s

Project funded by
EUROPEAN UNION

Ag and Zn were determined at around 8-200 times greater than in the surrounding uncontaminated
sediments (from Valavanidis, 2018). It was emphasized that the Gulf of Thermaikos, close to the city
of Thessaloniki, is also a semi-closed bay with serious pollution problems (Valavanidis, 2018).
Similarly, Mavrakis et al. (2004) demonstrated that the Elefsis Gulf has some of the biggest industrial
compounds in Greece, including two oil refineries, two steel industries, two cement factories, and
one industry of munitions. Big warehouses and oil distribution facilities, three units of used lubricant
processing, one paper mill, a lot of chemical industries, industries and manufacturers of plastic
products, quarries and a lot of little units also be there (Mavrakis et al., 2004). The Euboea Gulf has
also been contaminated from municipal wastes, industrial effluents, land washout and shipping since
the early 1960s (from Valavanidis, 2018). It can be said that the Amvrakikos Gulf has many
environmental problems owing to agricultural effluents. It has been explained that similar
environmental problems occur in the Greek islands (from Valavanidis, 2018).

1.3 Challenges in the Black Sea Basin

The major issues affecting the environmental status of pollution in the Black Sea are:

- loss of biodiversity

- coastal degradation.
Scientists have identified several serious problems for the Black Sea associated with various types of
pollution.

1. In recent years, chemical pollution has been identified as the most serious cross-border problem.
Oil pollution threatens Black Sea coastal ecosystems, and pollution levels are unacceptable in many
coastal areas and river mouths.

Oil enters the marine environment as a result of operational or accidental discharges from ships, as
well as through insufficiently treated wastewater from terrestrial sources.

Other toxic substances, such as pesticides and heavy metals, appear mainly as "hot spots” near well-
identified sources. Heavy metals such as cadmium, copper, chromium and lead are usually associated
with heavy industry waste and ash from burning coal to generate electricity. Pesticides enter largely
through rivers and streams due to agriculture.

2. Another major problem is the discharge of insufficiently treated wastewater, which leads to
microbiological contamination and poses a threat to public health. Radioactive substances were
introduced into the Black Sea in small quantities from nuclear power plants and in larger quantities
after the 1986 Chernobyl nuclear power plant disaster.

3. The phenomenon of eutrophication or over-fertilization of the sea by nitrogen and phosphorus

compounds (also called nutrients), largely due to pollution from agricultural, domestic and industrial
sources is a major problem of transboundary pollution. This is a process that degrades the Black
Sea. Eutrophication has changed the structure of the Black Sea ecosystem.
It has been estimated that the six coastal countries contribute about 70% of the total amount of
nutrients flowing to the Black Sea as waste from human activities. Part of this amount and almost
the remaining 30% (from countries without direct access to the sea) enters the Black Sea through
the Danube River.

4. An unusual form of pollution caused by ships is the introduction of exotic species, largely through
the exchange of ballast water or other wastewater. Introduced by accident into the Black Sea, they
proliferate in the new environment, due to the lack of natural predators that can limit their number.

5. The last main type of problematic pollutants is solid waste, dumped into the sea by ships and in
some coastal cities. Any floating or semi-submerged waste inevitably ends up on the coast.
Therefore, the beaches of the Black Sea tend to accumulate a lot of garbage, which is unsightly and
poses a risk to the health of humans and marine species.

Actions within the Danube River basin district will reduce pollution from inland sources and
protect the ecosystems of the coastal, transitional and marine waters of the Black Sea region.

Among the activities of protection and conservation of the coastal system, the activities of
protection against coastal erosion occupy a special place both by their specificity and by their
implications on life and human activities in the coastal area, but also on coastal ecosystems /
biocenoses related to the shore area.
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General Challenges in the Blacksea Basin is compiled from Black Sea Commision 2019 report as
below.

Water and Waste Water

The limited access to drinking water and to sewage systems is common for the coastal zones.

However, countries are putting sufficient efforts to address the problem, for example:

e In 2012 Bulgaria, almost 100% of population in its coastal zone has access to drinking
water supply and about 76% of the population is connected to sewerage systems;

e Access to clean drinking water is steadily increasing in Romania from 63% to 71% in 2013;

e There is a positive dynamic in Russia. The number of residents with access to drinking
water changed from 85% in 2009 to almost 92% in 2013 and percentage of population
provided with sewerage system changed from 71% in 2009 to 73% in 2013(Fig.3.1.11, b);

e In Turkey 77 % of population (urban and rural) was connected to the waste water
treatment plants (WWTP) in 2014.

Solid Waste Management

Estimating the amount of solid waste processed is challenging because the Black Sea countries
have various approaches for estimation and reporting. However, according to the national reports,
at least the number of landfills has increased in Romania, Turkey and has decreased in Russia and
Bulgaria. There is an incineration plant in Turkey and there are two in Romania. Russia reports about
a steady rise of volume as industrial as well as of municipal wastes, the same tendency occurs in
Turkey. It looks like that there were a lot of solid wastes were accumulated in the Black Sea
countries. Therefore, the waste recycling, treatment and utilization has become an urgent task.

Protected Areas

The number of protected areas did not change since the issuing of the previous SOE Report
in Romania, Russia, and Turkey. There are 92 protected sites with a total area of 16,940 ha, 48 sites
of Nature 2000 with a total area of 5,300 ha, and 31 marine protected areas of 302, 200 ha in
Bulgaria.

Kolkheti National Park (area 45,447 ha as of 2013) includes both a terrestrial part of 29,704
ha and a marine part of 15,743. It is the largest one and the only marine protected area in Georgia.
Romania has 8 sites of Nature 2000 with the area of 138,700 ha and 2 marine protected areas with
a total area of 108,000 ha. Russia reported increase of the total protected area. There is only 1
marine protected area (Utrish) in Russia with total area 9,848 ha. It includes 9,065 ha of forest land
and 783 ha of the sea area. There are 11 natural reserves with a total area of 38,000 ha in Turkey.

Coastal Erosion

Coastal erosion is the common problem for all the Black Sea countries. Beach
erosion/abrasion surveys were carried out in Bulgaria from 1983 to 2003. According to the reports
of the surveys, the landslides and erosion terraces cover about 13% of the coastal line of the
country. The average rate of annual beach surface eroded along the Bulgarian Black Sea coast is
17,527 m2/year. The average estimated rate of coastal erosion is 0.08 m/year. The average rate of
retreat of cliffs is 0.36 m/year (Peychev, 2004):
https://www.climatechangepost.com/bulgaria/coastal-erosion/

Coastal change tool of Georgian Data Cube (UNEP/GRID http://geodatacube.unepgrid.ch,
GDC) was used in Georgia to estimate coastal dynamics in 2009-2013. About 50 ha with accumulation
and about 80 ha with erosion process were identified (NIMRD, 2014) in the northern sector of
Romanias cost . The shoreline advanced by more than 10 m on 10% of the total length of the coastline
and recession by more than 10 m on 53% of the coastline. It is about 38% of the coastline is stable
(retreated or advanced by less than 10 m). There are 5 coastline protection priority projects which
started under the Coastal Zone Master Plan aiming at mitigating erosion and rehabilitating the coastal
zone. The projects cover Mamaia South, Tomis North, Tomis Center, Tomis South and Eforie North
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sites. There were 51 benchmarks in the area of the protection works (construction of dams/dikes) to
erosion survey (NIMRD, 2014).

The average annual variation along the coast of Russia does not exceed 1 m. The average
coastal recession is 0.7 m/year in the northern part of the coastline because it is formed with erodible
rocks. In the south, there is a 50 km sand bay-bar system with dunes and beaches, then a flysch zone
with abrasion cliffs and a mountainous coastline with gravel/pebble beaches. A longshore transport
stream interrupted with a system of groins and breakwaters which intercept pebble and gravel
material migration along the coast.Therefore, beaches are not restored naturally.Average rate of
beach surface erosion is 0,5 m. Storms, in particular of the south, southwest and southeast directions
have negative impact on the coastline in Ukraine. It is due to the dynamic impact of waves which
could have 4 to 7 m heights. The estimated coastline retreat due to this impact is from 0.2 to 0.3 m
per 1 cm of waves heights.

Tourism

Tourism is one of the most important sectors of economy in the Black Sea countries. However,
different reporting criteria of visitors used by the states make the results incomparable.
Nevertheless, due to accommodation capacity increase there is an assumption that there is an
increasing trend for the number of visitors except Romania. The number of Blue flag beaches remains
relatively low in all Black Sea countries (Bulgaria - 11, Romania - 1, Turkey 4, Ukraine - 3,).

Bulgaria reported about an increase in accommodation capacities and about general increase
of visitors both national and from abroad (totally 2,432,000 visitors in 2012); Romania reported
about fluctuation of the number of visitors during 2006-2010 (Fig. 3.1.16). At the same time there is
an increase in accommodation capacities and visitors and 2012; (there were 1,041,000 visitors
registered in 2012); Russia observed a steady annual arrivals and accommodation capacity increase
(there were 9,869,000 visitors in 2012);

There is an increase in accommodation capacity and number of visitors in Turkey (3,671,000
visitors in 2012); There is a stable growth in accommodation capacity and fluctuating number of
visitors observed in Ukraine (2,878,000 visitors in 2011).

Energy

Renewable energy sector is growing in the Black Sea countries: For example, there is a
positive developments in a wind-energy field in Romania. Constanta County has the highest potential
for wind-energy production in the country. The biggest wind power plant was developed in at
Dorobantu in 2011. The wind park operates with 18 turbines with a total installed capacity of 54 MW.
The largest coastal wind farm in Europe locates in Fntanele-Cogealac. It launched its operations in
2012. The wind park has the installed capacity of 600 MW. It operates with 240 turbines with an
installed capacity of 2.5 MW each. The onshore wind farm can provide energy for 1 million households
annually. Turkey listed 2 wind farms in 2014.
Industry

Bulgaria reports about one refinery in coastal zone. There are also metallurgic, textile and
food processing enterprises in the coastal zone of the country; There is one refinery in Romania.
There are also metallurgic, construction materials, textile and food processing enterprises; Industry
is not well developed in the coastal zone of Russia. There is only one refinery there. The most
industrially developed city is Novorossiysk where cement industry is located. Industry sector is more
developed inTurkey. Cement, paper, packaging, copper, mining and shipping plants are operating in
the coastal zone of the country. There are textile and metallurgic enterprises besides the leading
food processing industry.
Agriculture

There are very few figures provided by the countries about agriculture. There is a decrease
in the area of arable land in the coastal zone of Russia. It decreased from 50,500 to 36,600 ha during
last 5 years. There is also a decrease in the number of heads of cattle, pigs, sheep and poultry;
Turkey reported about increase for the total land use of agricultural areas from 1,965,000 to
1,974,000 ha between 2011 and 2014. The number of heads of cattle, sheep and poultry is also
increased. Ukraine reported on a general decrease in the number of heads of farm animals except
poultry in Kherson Region. Value of production generated by agricultural sector in the Black Sea
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Region increased in Kherson Oblast and decreased in two other Oblasts in 2014.
Transport

All Black Sea countries have harbors with different traffic capacity. There are oil terminals
in the countries: Bulgaria has one, Georgia three, Romania -one, Russia four, Turkey eight terminals.
Density of the public road network differs from country to country, with Romania (Constanta county)
having the highest (0.35 km/km2) and Turkey having the lowest (0.115km/kmz2).

Chapter Il Types of Pollutants and Sources in BSB
2.1 Types of Pollutants.

Urbanization and Industry

Farmland in the Black Sea region, which is threatened by loss or occupation due to its
potential for non-agricultural use, is also being damaged or badly polluted by factory emissions.
Another point not to be overlooked here is the fact that smooth, level land, which is suitable for
farming is also very attractive for urbanization and industrial development because it entails much
lower building costs. Level land is rare in the Black Sea region, and is observed mainly along the
coast, where fruits and vegetables are intensively grown. It is virtually certain that the whole of this
narrow plain, rich is so valuable to the region, -will be lost entirely in the near future. The flat, wide
strip, for example, between the city of Trabzon and the county seat of Yomra to the east is being
rapidly covered with factories and their subsidiary plants on the south side of the road. Hotspot
domestic discharge points (GEF BSEP, 1996) and the major Turkish industries and their types of wastes
in the Black Sea region (Bakan and Buyiikgiingor, 2000) were displayed in Table 2. In general,
residential district in the Black Sea coasts have major issues of handling solid wastes, especially
Zonguldak, Samsun and Trabzon have the great difficulties. Common operation in these regions is
dumping solid wastes into the Black Sea. Again there are solid wastes troubles induced by
accumulations of sludge and ashes at the iron and steel plants at Karabiik and Eregli. Sludge and
stacked ashes besides pose an issue in the nitrogen plant at Samsun, owing to the usage of lignite at
the Catalagz1 thermal power plant, ashes and slag are deposited in the environment making a soil
pollution problem there (Environment Foundation of Turkey, 1995).

Every year, thousands of millions of tonnes of pollutants enter the atmosphere from industry,
vehicles, households and other sources at enormous cost to the environment. Hg can accumulate in
high amounts in the sediment via the atmosphere. An example of this is the partially high level of
mercury found in sediments on the shores of the Sinop peninsula, which is not industrially developed
(Bat et al, 2015a). As a result, local people who eat the benthic organisms such as fish, mussels,
crabs, prawn have accumulated levels of Hg that may prove toxic. Fortunately, recent reviews show
that the amounts of Hg in the fish and edible shellfish are low and below the tolerable values on the
Sinop shores (Bat, 2017; Bat and Arici, 2018; Bat et al., 2018a). Many other metals are discharged
into the Black Sea from mining and industry. Waste water discharge status (TUIK, 2016) and mining
activities (CSB, 2016; MTA xx) in the Turkish Black Sea region were given in Tables 3 and 4,
respectively. In terms of heavy metal pollution in fish (Bat et al., 2014, 2015b, 2017a,b,c) and
shellfish (Bat et al., 2016; Bat and Oztekin, 2016; Bat et al., 2018b) were recently studied.

Pollutants such as heavy metals and some synthetic chemicals are readily absorbed with food,
but they are not easily excreted, and even organisms low in the chain can be affected by them. The
higher the position in the food chain and the longer lived the specimen, the more pollution it
accumulates. Top predators can gather levels of pollutants millions of times greater than those in
the sea water. These may kill them directly, or reduce their ability to cope with disease (Bat et al.,
2018).

Industrial pollution is particularly marked at Istanbul. Untreated effluent pours into rivers
and streams to the sea. Turkey plans to develop nuclear power in Inceburun and is rich in hydro-
electric power. However environmental legislation is up to EC standards. The Black Sea coast is
largely unspoiled, but it is encouraged both tourism and industrial development. The Black Sea coasts
thus face a bleak future unless standards of cleanliness are drastically improved and development
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carefully planned (Bat et al., 2018).

Erosion more strongly affects the areas around the cities such as Trabzon and Samsun with
their higher population densities. In these areas, fields cleared for planting com following removal
of the natural plant cover have suffered enormous damage from erosion. The same process of
destruction is continuing today with slightly less severity in a belt around these areas.

Marine Litter

Marine litter is any permanent, produced or processed solid material that is discharged or
left in a coastal or marine environment, originating from sea and land-based sources. Marine litter,
which causes environmental, economic, security, health and cultural effects in a wide spectrum,
consists of mainly plastics, woods, metals, glass, rubber, clothing, paper, etc.

The Marine Strategy Framework Directive (MSFD), published by the European Union (EU) in
2008, includes the necessary measures for Member States to maintain or sustain a "Good Environment
Status” (GES) by 2020. In accordance with the eleven qualifiers ‘descriptors’ determined in MSFD
ANNEX 1, Good Environment Status is determined at sea level or sub region and of the 11 descriptors
found, Descriptor 10 relates to sea solid wastes and is defined as "The properties and amounts of
marine litter do not harm the coastal and marine environment”.

Total population in the Black Sea catchment area exceeds 162 million, and daily activities of
all these people in some way or other affect the Black Sea environment and, presumably, contribute
to marine litter problem which is originated almost completely (but not only) from the problem of
solid waste pollution. The marine litter problem is closely linked to major problems of public health,
conservation of the environment, and sustainable development in the Black Sea region. Marine litter
originates from various land- and sea-based sources as a result of manifold human activities and,
evidently, causes negative impact on the population, wild life, abiotic nature and some sectors of
economy. Floating marine litter and their items suspended in the water are transported by currents
and winds throughout the sea and, thereby, cause transboundary dissemination of solid wastes and
basin-wide enlargement of the problem (BSC Marine Litter Report, 2009).

The unsuitable use, storage and transport of all types of waste, including toxic and dangerous
materials, are growing problems all around the Black Sea. Toxic industrial waste is often stored in
municipal dumps along with household refuse, which itself contains hazardous substances. Rain
flushes the toxins into the soil, contaminating the earth and ground water. From there they found
their way into the rivers and eventually into the sea. Together with the discharge from boats, coastal
dumps are the principal source of plastic in the sea; they cause serious problems in the Black sea and
can be lethal to marine life. Plastic floating in the sea, beaches covered with rubbish, dump sites
beside the roads, along the river banks and on the clifftops, refuse burning in the open air; this
picture can be seen throughout the Black Sea region. Scientific studies on this issue have gained
speed in recent years. It was reported that the presence of marine litter in beaches (Topcu et al,
2013; Terzi and Seyhan 2017), sea surface (Suaria et al., 2015) and sea floor (Topcu and Oztiirk 2010;
Oztekin and Bat 2017) by various researchers in the Black Sea.

Even when the plastic itself is not poisonous, it can cause the death of the fauna by
obstructing its digestive system. Plastics can kill in other ways, birds are strangled by plastic can
holders; dolphins can suffocate in plastic sheeting; and seals die a slow death when they become
wrapped in the remains of packaging that tightens around them as they grow. Fish examined have
been found to have plastic debris in their intestines (Brate et al., 2016; Giiven et al. 2017). Therefore,
it was reported that microplastics were consumed by filter-feeding at the base of the food web (Cole
et al., 2013) and it was observed by experimental studies that the transfer was in the trophic level
(Setala et al., 2014; Farrell and Nelson 2013). Thus, a concern arises that the bio-accumulation risk
of chemicals associated with plastic debris, additives to plastics during manufacturing process and
compounds that plastics absorb from environment, in animals as a consequence of ingestion.

Topcu and Ozturk (2010) investigated the abundance and composition of solid wastes in the
southwestern Black Sea by trawling. They found solid waste concentration ranging from 128-1320
items km?2 and 8-217 kg km2.

Guneroglu (2010) surveyed 15 streams in Trabzon and Rize cities to estimate litter load on
the Black Sea coastal areas. Composition and distribution of sampled marine litter were investigated
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and plastic had the highest ratio of 56% among all litter type. In this study it was reported that coastal
marine litter in the Black Sea was mainly caused by transportation and deposition of anthropogenic
waste resulting from river outflows and measures and regulations remain inadequate to protect the
coastal regions against pollution in the region.

Eruz et al. (2010) researched solid waste pollution in Trabzon of the south-eastern Black Sea.
Daily solid waste production was found to be as 1.115 kg/person in the Trabzon city centre, 0.73
kg/person in Sirmene and 0.79 kg/person in Of districts, and %3.5 of the total wastes produced per
person were materials that do not decompose in nature for a long time and may be carried to seas
by way of river carriage. According to this ratio, the amount of wastes that can be carried to shores
daily is 368 kg in Sirmene and 712 kg in Of. When areal distribution of wastes in coasts was examined,
it was seen that total waste quantity identified in Sirmene shores was 1.373 kg and it was 1.086 kg
in of shores. It was found in the study that plastics formed %49, textile %28, metal %12, styrofoam
%5, glass %5 and paper %1 of the wastes.

Beach litter abundance and origin were investigated on 10 beaches in the Turkish Western
Black Sea coast by Topcu et al. (2013). Their results showed that litter density was 0.88+0.95 items
m? and it was mainly composed of unidentifiable small size (2-7 cm) plastic pieces and beverage-
related litter such as bottles and bottle caps. The litter found on the beaches was mainly plastic
whereas materials such as glass, paper and wood had very small shares. At the same time foreign
origin litter including 25 different countries, 23% of which are in the Black Sea region was found in
the research area.

Terzi and Seyhan (2013a) conducted surveys to determine the composition and density of
marine litter on the eastern Black Sea coasts. They found litter density between 0.05-0.55 items/m?
and 0.001-0.015 kg/m? and the most abundant litter item was found to be plastic. The most common
usage categories were foams and beverage related items.

Terzi and Seyhan (2013b) researched the composition and density of marine litter on the
Eastern Black Sea trawl areas of Turkey. Mean amount of litter items per unit area was found to be
as 222.6+105.11 item/km? and 34.32+41.93 kg/km?. The most abundant material type was plastic
and the most encountered usage category was unidentified pieces. They reported that the large part
of undefined litter items were the pieces of plastics and nylon.

Visne and Bat (2016) investigated seasonal marine litter pollution in Sinop Sarikum Lagoon
Coast of the Western Black Sea and they used the monitoring protocol proposed by MSFD GES TSG-
ML. Seasonal litter density was found as a mean of 1,033-2,352 pieces/m? and 0,019-0,041 kg/m?
and the most common type of litter was plastic (95.61%). Foreign origin litter was found in region
and encountered foreign origin litter ratio was found to be 2.38% of all litter items and they mainly
originate from neighbouring countries to the Black Sea.

Moreover, the scale of the rubbish problem has focused attention on the potential for
recycling and for reducing the amount of waste material produced. In case of the incineration of
rubbish as a means of recycling and have promoted it as an energy recovery system, which uses the
heat from the incinerator to generate electricity. In reality, the forms of rubbish incineration used
have caused considerable pollution through the release of gases and ash, and have produced energy
in a very inefficient way. It is not solution that incineration can only change the nature of the
pollution shifting it from the land to the atmosphere.

Aytan et al. (2016) reported the first evaluation of neustonic microplastics in the Black Sea
waters. They reported that the relatively high microplastic concentrations suggest that Black Sea is
a hotspot for microplastic pollution and there is an urgency to understand their origins, transportation
and effects on marine life. They found a considerable amount of microplastic [1.2x103 (+1.1x10%)
particle m? and 0.6x10° (x0.55x103) particle m3] in the South Eastern Black Sea surface waters.

Recycling, together with reductions in the amount of waste material produced in the first
place, forms the only real solution to the problem of urban waste. It can help significantly to conserve
natural resources and to protect wildlife and natural habitats. Given the consequences for the
environment of dumping and incineration, recycling is a necessity rather than an option. Solutions to
the Black Sea’s marine litter problems require that uniform strict rules be approved by each country
of the Black Sea coasts (Bat et al., 2017d).

Bat et al. (2020) pointed out that Sinop is in the middle of the southern Black Sea and in the
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northern part of Turkey. Sinop is a residential area without industrial contamination, and where
fishing and tourism come to the fore. Although there is excessive contamination caused by the
increasing population for tourism purposes in the summer months, the most important factors causing
the city's marine pollution are; domestic solid wastes, sewage waters, contamination from ships and
fishing activities. Although there is no significant source of pollution on the coasts of Sinop,
considering the current system of the Black Sea, the transportation status of marine litter becomes
an important situation on the coasts of Sinop. As a result of the project SUF-1901-18-48 supported by
Sinop University Scientific Research Projects (BAP), the amount of litter found on the beaches is
between 0.30 and 7.41 pieces/m? (average 2.33+2.52 pieces/m?), while the highest percentage of
litter type plastic (between 84.58 and 98.27% with average 92.54%). The data obtained as a result of
the project shows that all the beaches of the region are contaminated with marine litter (Bat et al.,
2020).

Oztekin et al. (2020) studied marine litter pollution on Sarikum Lagoon coast which is one of
the significant wetlands of the Black Sea. They found average litter density was 1.512+0.578
items/m?2 and 31.875+10.684 g/m2. The results indicated that the most common type of litter was
plastic (95.61%) followed by glass/ ceramics (1.46%), cloth/textile (1.31%) and the other material
types (1.62%) and also foreign origin litter belonging to 25 countries mainly from neighbouring
countries were found on the beach. Sarikum beach was classified as extremely dirty according to
Clean Coast Index. It was observed that the litter in the region consisted mostly of mixed packaging
items (41.12%) and unidentifiable litter items (33.84%). Our results show that the coast of Sarikum
Lagoon exposed to a significant amount of marine litter pollution originated from land-based sources.

Eutrophication and Sewage

The Black Sea is most important sea in terms of biodiversity (Bat et al., 2011), since it’s
richest in plankton biomass (Bat et al., 2007), and therefore, in fish that feed on this biomass.
Consequently, the Black Sea provides 70-90% of the marine products. The noted main threats to
biodiversity in the Black Sea are eutrophication, chemical contamination and oil pollution, overfishing
and alien species. Human-induced nutrient enrichment in the Black Sea can be caused by input of
nutrients in form of riverine inputs from activities in the catchment, direct inputs from sewage
treatment plants, industries and atmospheric deposition. Eutrophication is the most visible danger
facing the Black Sea and also has the greatest impact. Troubles began in 1960s with Green Revolution,
which death and subsequent decay used up the oxygen in the water and killed many living organisms
on the bottom (Mee, 1992). The immediate cause of eutrophication is an overabundance of nutrients
originating primarily from agriculture and municipal sewage: approximately 80% from agriculture,
15% from urban water and 5% from other sources (Borysova et al., 2005). Several resources of
eutrophication may rule over a particular area depending on local conditions. In cases where there
is a major city located near a bay or a gulf, municipal sewage inclines to be the major source of
eutrophication (Zaitsev and Mamaev, 1997).

The impact they have ranges from gradual changes in plankton species, to toxic effects on
the eggs, immature and adult forms of shellfish and fish. Marine plants grow using dissolved minerals
and energy from the sun. Herbivores feed on the plants and themselves fall prey to other animals.
The top link in this food chain comprises mammals and birds. But as this material passes up the food
chain, less and less is directly used as food. The rest is converted back into minerals, by the
continuous process of excretion throughout the food-web. Anthropogenic eutrophication has a similar
indirect effect on the zooplankton through its impact on the phytoplankton (Zaitsev, 1997).

The most obvious sign of pollution is that of untreated sewage. Sewage discharges into the
sea, which become particularly heavy during the tourist season, are suspected to be the cause of this
catastrophe. For the shore inhabitants, the effects of sewage are different. In summer for the
swimmer, there is the risk of contracting infectious intestinal disease s such as typhoid, paratyphoid,
polio or diarrhoea from swallowing contaminated sea water. But this input of rich organic matter can
rising up the turbidity of the water and so decrease the maximal depth at which seaweeds can grow.
It also increases the biochemical oxygen demand (BOD) of the water, as bacteria require oxygen to
destroy the organic substances in the sewage. In some habitats, notably muddy shores and estuaries,
it widely increases the possibility that the mud will become totally devoid of oxygen. Under these
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anoxic conditions it becomes black and very smelly, stinking of hydrogen sulphide. This black layer is
almost mostly lifeless, for there are few species that can exploit such anaerobic conditions. Pollutant
loads of the Black Sea coasts of Turkey are shown in Table 8.

Table 5. Pollutant loads of the Black Sea coasts of Turkey(GEF BSEP, 1996)

Pollutant BOD TSS N TP
Sources (tons/year) (tons/year) (tons/year) (tons/year)
Domestic 38,687 161,369 1,577 2,188
Industrial 6,119 6,540 7 69
Riverine 18,090 4,120,000 1 3,600

The rapid growth of coastal towns and cities in the Black Sea, coupled with shortage of funds
for proper urban development, means to streams have been pressed in service as open sewers and
that sewage remains untreated when it is disgorge into the sea. The discharges will still contain
nitrogen and phosphorus, which will continue to fuel the growth of algae and still result in the
removal of oxygen from the water.

Sewage could also be treated as a resource, and the nutrients recovered for use as fertilizer.
But this is not yet practical, because sewage is contaminated by wastes containing many toxic
chemicals from both industrial and domestic sources. It is very well known for many years that heavy
metals can be extremely toxic even at low concentrations.

Oil spillages

The Black Sea is one of the world's busiest waterways and in 2005 over 55,000 ships, including
almost 6,000 oil tankers passed through the Bosporus Strait, most carrying Russian oil. The Danube
River accounts for 48 percent of the 110,840 tons per year of oil entering the Black Sea each year
(Zaitsev and Mamaev, 1997). Total oils from the Black Sea coastal countries are 57,404 tons /year.
However accidental oil spills were reported as 136 tons /year, but there is no any information for
illegal discharges from shipping (National Reports, 1996; GEF BSEP, 1996). Table 6 gives oil pollution
of the Black Sea.

Table 6. Oil pollution of the Black Sea (GEF BSEP, 1996)

Source of Bulgaria  Georgia Romania  Russia Turkey  Ukraine Total
Pollution (t/y) (t/y) (t/y) (t/y) (t/y) (t/y) (t/y)
Domestic 5,649.00 - 3,144.10 - 7.30 21,215.90 30,016.30
Industrial 2.72 78.00 4,052.50 52.78 752.86  10,441.00 15,379.86
Land-Based - - - 4,200.00 - 5,169.20  9,369.20
Rivers 1000.00 - - 165.70 - 1,473.00  2,638.70
Total 6,651.72 78.00 7,196.60 4,418.48 760.16  38,299.10 57,404.06

On any shore suffering from heavy oil pollution, complete communities of fauna and flora
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may be smothered and die. Indeed, considerable damage may occur to the commercially exploited
shellfish, which become tainted with oil, though these can usually be cleaned up by keeping them in
non-polluted water for a few weeks. Although some of the components of oil are gradually
biodegraded, the major natural detoxifying mechanism is by dispersion. However, in most cases, and
particularly on sea shores, both natural dispersal and biodegradation are intolerably slow and some
other method must be used to reduce the level of contamination. Various types of detergent are used
for this purpose but they create an added hazard. If the wrong detergent is poured directly on to
beaches, it will kill intertidal and sublittoral life as effectively as the oil. After marine life has been
destroyed, recovery by means of recruitment from neighbouring shores may be quite fast-within three
years-for species with planktonic larvae. Reinvasion takes much longer, however, for the species
which lack a planktonic dispersal phase in their life history.

Toxic waste

Pesticides are used more or less as a synonym for biocides. Included in this category are
herbicides, insecticides, fungicides, acaricides which kill mites, nematocides which kill nematode
worms, molluscicides and rodenticides. Unfortunately, pesticides cause widespread pollution of the
environment, seeping into the rivers, killing off fish life, and contaminating groundwater, drinking
water and food, most of which now contains pesticide residues. Though levels of pesticides in the
general environment are usually low, pesticides tend to concentrate as they move up the food chain,
a phenomenon known as bio-concentration. The consequences for wildlife and human health are
severe. Human body fats also now contain pesticides, as do ova and spermatozoa. Most modern
pesticides are synthetic organic chemicals, a category that includes many known or suspected
carcinogens, mutagens and teratogens. Unfortunately, the literature on the health effects of
pesticides is scanty. If pesticides contaminate in food routinely it contains dangerous levels of
pesticides which pose an increased risk of cancer, neuro behavioural damage and other health
problems. With this increased intake comes greater relative exposure to the pesticides present in
food.

More insidious forms of pollution are those of heavy metals and organic compounds such as
DDT and polychlorinated biphenyls (PCBs). These pass into the marine environment by way of river
run-off, or through the atmosphere in the form of dust, or in rain water. Insecticides like DDT, and
lead compounds added to petrol as an anti-knock agent, enter the sea from the air. Emission of smoke
from stacks of smelting works and other industrial complexes are monitored, but they still release
significant quantities of toxic compounds into the atmosphere.

Discharges of chemical wastes into rivers and estuaries have been known to cause numerous
deaths in man, notably in japan where both mercury and cadmium poisoning have killed people eating
fish and shellfish from heavily polluted water. Many heavy metals are rapidly absorbed into sediment
particles suspended in the water, which settle out at slack tide. Thus, mercury, copper and many of
the radioactive isotopes discharged from the nuclear waste processing plants. However, some heavy
metals, such as cadmium, are not removed by sediments and tend to stay dissolved in the sea water,
where they are more available for animals or seaweeds to absorb. The really dangerous pollutants
are those that are accumulated by organisms, especially if they concentrate them from their food.
DDT and PCBs are both accumulated in this way, with the result that the top predators in the
ecological pyramid accumulate vast quantities in their body tissues-quantities that are either directly
toxic or prevent them from reproducing successfully. Evidence suggests that, whereas mercury and
lead may be concentrated up the food chain (but fortunately tend to get removed from the marine
environment by other processes), the vast majority of radioactive elements discharged from nuclear
plants, such as caesium, polonium, uranium and thorium, are not accumulated in the food chain
(Zaitsev and Mamaev, 1997).

One of the main sources and kinds of anthropogenic influence on ecological system of the
Black Sea was via Chernobyl Nuclear Power Plants area is land-based source of radionuclides chronic
pollution of the Black Sea through the Pripyat River and the Dnieper River (Polikarpov et al. 2004). It
is the world's worst nuclear reactor accident. The accident occurred at on Saturday, April 26 1986.
Initially, some 135,000 people living within a 30km radius of the plant were evacuated, as was local
livestock. Later, however, the evacuation zone was extended as the extent of true contamination
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became known. Three vyears later, a further 100,000 people had to be moved because
decontamination procedures had not proved sufficiently effective. Gross deformities have developed
among farm animals in the region and the level of disease amongst the human population, including
cancers, has increased markedly. The genetic effects are not yet known. Undoubtedly, those worst
affected by the nuclear waste outside the Ukraine and Russian namely the northern parts of Norway,
Sweden and Finland. In these countries, radiation levels rose more than sevenfold. At high doses
during the Chernobyl accident radiation causes vomiting, loss of hair, bleeding and death. It is
estimated that over the number of people in the Black Sea countries and Europe who will die of
cancer over the next 50 years as a result of radioactive contamination from Chernobyl (The Earth
Report 3, 1992).

As far as keeping of the Black Sea towards contamination is concerned, the fact that no
consensus has been reached among the countries on its coasts, together with the widespread known
that the sea is in any case a dead sea below 180-220 m., has resulted in the developed European
countries secretly dumping their dangerous and toxic wastes into it. One of the most conspicuous
examples of this is the poisonous barrels that turned up along the Turkish coast at Sinop in 1987-
1988. The officials set to investigate the contents of these drums have never provided a satisfactory
explanation of this phenomenon, which was a subject of public attention throughout 1988.
Consequently, serious suspicions have been raised concerning the level of pollution of the Black Sea.
According to unofficial reports, the only ones to have reached the media, not only industrial wastes
of various kinds but also DDT and its derivatives as well as PCBs (Polychlorinated biphenyls) and HCB
(Hexachlorobenzene) compounds, all of which can become deposited in fish and can therefore have
carcinogenic effects on humans through the food chain, were found in these barrels. The results of
the official investigation on the other hand have never been made public (Environment Foundation
of Turkey, 1995). In most cases, concentrations of pesticides and PCBs were relatively low (Zaitsev
and Mamaev, 1997).

In this way, the concentrations of polluting elements contained by the wastewaters are to be
diluted to a level below that regarded as environmentally hazardous. In addition to diluting the
wastewaters discharged into the sea, this process is also expected to remove them to the Black Sea
as a result of the deep currents.

Heating up the water

Man's use of energy adds other pollutants namely heat and carbon dioxide into the ecosystem.
The cooling water used by coastal and power stations is emitted as warm water above the ambient
water temperature. This warm water is lethal to organisms living adjacent to the outfall and it also
reduces the oxygen carrying capacity of the water. However, it is rapidly cooled down as it enters
the mass of cooler water, and, compared with much smaller water bodies, heated effluents entering
the sea have a minimal effect.

Dredging

The need for shipping and fishing are having clear that dredging is an activity centred on
ports. The dredge slurry is either got in hopper barges which dump their unwanted loads in deep
water, or piped onshore to server with land reclamation. These activities affect both the organisms
that are dug up from the bottom and dumped in the habitat and the communities that are living down
current of the dredging operations. Filter-feeders need a modicum of suspended material in the water
on which to feed, but a dense turbidity of clay and fine sand clogs their filters and their gills. Dredging
is also carried out to supply gravel for building, particularly now that gravel deposits on land are
being depleted.

Last of all, the dredge scour marks remain as sea bed structures which constitute problems
for fishermen trawling these sediment. Gravel excavation can also cause erosion elsewhere on the
sea bed as sediments are carried along to fill in the dredging holes. The laying of pipelines to bring
oil and natural gas ashore creates only temporary environmental disturbance since the pipes are
normally laid in trenches which are then filled in. Pipelines which have to be laid through sand wave
systems are sometimes uncovered by the waves moving through them; consequently they become
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vulnerable to damage by storms and fishing gear. Exposed pipelines are a bonus, however, for
organisms which normally inhabit rocky bottoms, since they present a hard surface on which they can
settle.

Alien species

The southern of the Black Sea shelf is only a narrow intermittent strip. There is no hydrogen
sulphide in the coastal area, but concentrations rising up rapidly under the thermocline owing to the
restricted ventilation of deeper shelf water. Consequently, the number of biota especially macro-
benthic species decreases rapidly with increasing depth. The wide diversity of biotopes provides
favourable conditions for invasions of alien species to the Black Sea. The composition and structure
of the marine communities is constantly changing with the decline of certain species and the
expansion of others (Sezgin et al., 2010). Benthic assemblages are the main components of the Black
Sea ecosystem (Kirkim et al., 2006). Ever since man moved from one country to another by boat has
been responsible - both unintentionally and deliberately - for the introduction of exotic species into
coastal waters. Deterioration of some marine habitats and a lack of laws and technology for regulating
the introduction of alien species, for example via ballast waters, have allowed the invasion of such
species. In 1968 a new bivalve species Anadara inaequivalvis seem in the Black Sea. This indo-pacific
species is spread to the Black Sea basin, constantly becoming the dominant species (Zolotarev, 1996).
Immigration of this alien species was most likely due to the accidental transportation in the ballast
water of ships coming from the Pacific (Chikina and Kucheruk, 2005).

Another prominent example of an alien species is that of the comb jellyfish Mnemiopsis leidyi.
In 1980s, eutrophication of the coastal waters caused phytoplankton blooms, increasing
sedimentation and lowering transparency. In 1988 as a result of M. leidyi invasion, photic zone depth
and intensification of sedimentation was lowered. These have produced mass populations, what have
changed the equilibrium of the native marine ecosystems. However, there is a decrease observed in
the production level due both to the changing ecosystem of the Black Sea and to the excessive fishing.

Seaside visitors

Access to the coast has now been made easier throughout the Turkish Black Sea coasts by
improved roads; mean that the coastline is under increasing pressure for recreation. Repeated
trampling can destroy the ground cover of plants, also, blow-outs occur in sand dunes on which
stabilizing plants, such as marram-grass are prevented from establishing themselves. Marine
ecosystems are found in danger or risk from the pressure by human. Even rocky shores, which are
generally useless for development, can suffer from pollution.

2.2 The Impact Of Pollutants On The Environment

Heavy metals

Human activities such as mining, chemical and domestic waste dumping, smelting works,
burning rubbish and addition of lead to gasoline have greatly increased the amounts of heavy metals
circulating in the marine environment and much harm has been caused as a result. These pass into
the marine environment by way of river run-off or through the atmosphere in the form of dust or in
rain water. According to the data of 1988, about 7 million tonnes heavy metals were dumped into
the environment annually and some 75% of them were discharged to land, the major sources being
ash from coal combustion and the dumping of rubbish on land (The Earth Report 3, 1992). It is also
well known that heavy metals cannot be destroyed and they can only be converted from one chemical
compound to another (The Earth Report 3, 1992).

Heavy metals have many sources from which they can flow into marine environment; they
are listed as below (Rashed, 2001):

1- Natural Sources: Metals are found throughout the earth, in rocks, soil and introduce into the
sea through natural processes, weathering and erosion.
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2- Industrial Sources: Industrial processes, particularly those concerned with the mining and
processing of metal ores, the finishing and plating of metals and the manufacture of metal
objects.

3- Domestic Wastewater: Domestic wastewater contains substantial quantities of metals. The
prevalence of heavy metals in domestic formulations, such as cosmetic or cleansing agents,
is frequently overlooked.

4-  Agricultural Sources: Agricultural discharge contains residual of pesticides and fertilizers
which contains metals.

5-  Mine runoff and solid waste disposal areas.

6- Atmospheric pollution: Acid rains containing metals.

Metals in sediment

When introduced into the marine environment, organic and inorganic contaminants
particularly heavy metals eventually accumulate in sediment (Bryan, 1980; Jennings and Fowler,
1980; Luoma, 1983; Salomons et al., 1987; Tessier and Campbell, 1987; Luoma and Ho, 1993;
Ingersoll, 1995); becoming repositories or sinks (Warren, 1981; Waldichuk, 1985; Mearns et al., 1986;
Reynoldson, 1987; Dave and Nilsson, 1994; Phillips, 1995). In sediments are the major marine
environment for heavy metals and other toxic materials by virtue of their small particle size (Davies-
Colley, Nelson and Williamson, 1984) and contain variable concentrations of both essential and
nonessential metals (Phillips, 1977; Luoma and Bryan, 1978). Due to increasing industrial and
recreational demands on coastal areas, especially estuarine environments, these systems have come
under ever increasing stresses that have caused habitat deterioration and pollution. This can lead to
deleterious effects on benthic and pelagic communities, fisheries and eventually to human health
through direct contact of organisms with the sediment or by re-suspension of contaminated particles
into the overlying water.

Marine coasts are extremely important habitats for wildlife and have been used as a source
of food for transport and for disposing of waste material (McLusky, 1981). Many organisms to live in
or on sediments, including many economically important species and species involved in food chains
terminating in shorebirds and fish of conservation significance (Adams, Kimerle and Bornett, 1992).
The protection of a marine habitat from damage due to the release of contaminants requires an
understanding of background levels of these pollutants.

Moreover, the European Union (EU) environmental policies have concentrated on determining
harmful and unwanted changes to the natural system as the result of human activities and then, if
such a change is investigated, initiate management responses to alleviate those changes. The MSFD
(Marine Strategy Framework Directive) establishes a framework for the development of marine
strategies designed to achieve GES (Good Ecological Status) in the marine environment, by the year
2020, using 11 qualitative descriptors. Descriptor 8 emphasized that the concentration of
contaminants in the marine environment and their effects need to be assessed considering the
impacts and threats to the ecosystem. Concentration of the contaminants measured in the relevant
matrix (such as biota, sediment and water) in a way that ensures comparability with the assessments
(Official Journal of the European Communities, 2000). Thus, it allows choosing a set of quality
elements that are relevant for each particular regional sea. The MSFD is the first of EU directives
that focusing on ensuring sustainable use of the seas, and providing safe, clean, healthy and
productive marine waters.

The Black Sea has historically been one of the most biologically productive regions in the
world (Bat et al., 2011). The oceanography of the Black Sea has been relatively well studied and
documented in the literature. The same, however, cannot be said for documentation of the levels of
marine pollution and the regions that are affected by various activities, especially in coastal areas
(Balkas et al., 1990).

Intense human development in the Black Sea coasts may have negative consequences on the
marine ecosystem. Black Sea coastal water environments are mainly impacted by anthropogenic
activities resulting in pollution of marine sediments by contaminants especially heavy metals. The
mountains in the Black Sea region of Turkey are rich in mineral deposits. Besides, the main industrial
organizations in the Black Sea Region of Turkey are the iron-steel facilities at Karabuk and Eregli, the
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Catalagzi Thermal Power Plant, the coal regions in the surroundings of Zonguldak, Kiire copper mine
enterprises at the river Zarbana in inebolu, copper mining in Trabzon, copper processing facilities in
Samsun, the Murgul copper production facility and the factories for the production of sugar, paper,
sulphuric acid, vegetable oil, tea, hazelnut shelling and hazelnut products, fish flour and cigarettes
in various parts of the region.

In mining operations; iron ores, non-iron ores (Zn, Pb, Cu), coal mining and coal burning
contaminate to the environment (Helios Rybicka, 1996). Iron ores and non-iron ores (e.g. galena,
chalcopyrite, and pyrite) from mining and processing residues oxidized to soluble sulphate compounds
and these native deposits also produce sulphates by weathering. In the aquatic systems, metals
adsorb on the calcium carbonate minerals, clay minerals, organic matter and ferric oxide hydroxides.
Ozkan and Buyukisik (2012) found background heavy metal pollution in the sediment of the Southern
Black Sea (from present to 6969 years BP) as 41,94 ppm for Cu; 17,47 ppm for Pb; 79,5 ppm for Zn;
0,14 ppm for Cd; 61,0 ppm for Cr and 0,03 ppm for Hg.

During the last decades, the Black Sea has a suffered from extensive pollution due to
unmanaged fishing, unrestricted shipping, discharge of domestic wastes from coastal cities and
pollutants carried by rivers. There are a lot of large and little industries (food, fertilizer, cement,
pesticide, textile, plastic, and cigarette manufacturing) in the vicinity of the Black Sea region of
Turkey. The coastal systems of the Black Sea have been increasingly impacted by heavy metals
released from these anthropogenic activities. The heavy metals are known to accumulate readily in
bottom sediments which serve as a repository of pollutants and have caused to the Black Sea to
deteriorate in terms of fisheries, habitats, sediment and water quality etc.

Discussion

There is no evidence for significant heavy metal pollution in the Turkish Black Sea coast. The
current lack of comparable data will make it impossible to measure future trends in contamination
or to adequately protect ecosystems and public health. Where data exists, it results from studies
using methodologies that are not inter-comparable. Independent investigations and available data
(Table 8) suggest that this situation is serious and warrants urgent action. In some circumstances,
public and ecosystem health may be severely compromised. It will be important to continue with
more detailed, extensive observations to monitor this situation in the future specially around
industrial centres and ports and reference areas and their impact on the environment.

When compared the particulate heavy metal concentrations from 2000 to 2008, differences
are relatively small. By integrating the chemical, toxicological and ecological data, water and
sediment pollution has affected the water column due to discharges into the river. North Anatolian
Mountains include economically important massive sulphide deposits. Copper ores are processed at
Etibank Kire mine, Samsun, Giresun, Surmene Kutlular, Cayeli and Murgul mines. In the east part of
North Anatolian region, there are clay deposits, limestones with clay and limestone deposits. Also,
Pb, Zn, Cu, FeS2, Mo deposits were found in this region. The Zarbana River bed close to Etibank Kiire
mine and Zarbana river mouth located at central part of Northern Anatolia are highly contaminated
with respect to elements consisted of Cu, Zn, As, Fe, S, Cr and Pb (Duman et al., 2006). The Sargora
River located in Eastern part of the Northern Anatolia (Kutlular Cu mine at Siurmene) also
contaminated with Cu mine. Tailings are also stored within the drainage basins of rivers and
contribute significantly to pollution carried by rivers into the Black Sea (Duman et al., 2006). The
Eastern basin have been contaminated with the metals consisting of Cu, Co, N, Fe, Sb, V, Mg while
western basin has been contaminated with the metals of Sr, Bi, Ca, Sn, Hg and Zn. On the other hand,
there was no difference between the eastern and western basins according to the average geo
accumulation index (lgeo) values of the group formed by Mo, Pb, Cd, Cr and S. Whereas, the average
Igeo value of the basins are contaminated with the metals. Igeo values of the group Mn, As, P,Ti and
Y elements were not different in the both of basin centers (Ozkan and Buyukisik, 2012).

High organic carbon normalized metal levels (Meorg) and low organic carbons are located in
the periphery zone while low Meorg and high organic carbon levels at the centre of basins are
characteristics. This situation has been explained by increasing contribution of autochthonous organic
matter from periphery zone towards the centre of the basins via sinking of Fe and Al enriched phases.
When et al. (2008) indicated that resuspension of sediment and fresh natural organic matter produce
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new metal partitioning among phases and the organic carbon source changes from allocthonous to
autochthonous. Phytoplankton exudates metal chelating agents to protect it. Phytochelatins - metal
coordination products range are at the size range from micrometer to nanometer. UV radiation
effects size of the products from micrometer scale towards colloidal fraction. This means that the
colloidal fraction contributes to dissolved fractions. Because <0.45 pm size is known as dissolved
phases. This situation is called as colloidal pumping.

Metals in organisms

Heavy metals are one of the severe pollutants in marine environment due to their toxicity,
persistence and bioaccumulation problems. One of the main problems associated with the persistence
of heavy metals is the potential for bioaccumulation and biomagnification causing heavier exposure
for aquatic organisms. Most of the heavy metals are present in seawater in trace concentrations,
whereas excessive concentration can affect marine biota through food chain and pose risk to
consumers of marine food when concentration levels exceed those required (Venugopal and Luckey,
1975). Some of them such as Cu, Zn, Co, Cr, Ni and Mn are essential trace amounts (smaller than
0.01% of the mass of the organism) in the diet and their absence can lead serious illness (Forstner
and Wittmann, 1983). Others such as Cd, Pb and Hg have no biological function are referred to as
nonessential and their presence in all but very small quantities can cause poisoning. Nonetheless, it
is clear that all heavy metals are potentially hazardous to living organisms and not necessarily at high
exposure levels (Forstner and Wittmann, 1983). For example, in Japan where both cadmium poisoning
(known as itai-itai disease meaning it hurts-it hurts and mercury (known as Minimata disease) have
killed people eating shellfish and fish from heavily polluted water.

Heavy metals in Macroalgae

The results for heavy metals concentrations in macroalgae from the Turkish Black Sea coast
are presented in Table 9. Metal concentrations in all studied green algae, brown algae and red algae
decrease in the order: Fe>Mn>Zn>Pb>Ni>Cu>Co>Cd, Fe>Mn>Ni >Pb> Zn> Cu>Co> Cd and Fe>Mn> Zn>
Ni> Pb> Cu>Co>Cd, respectively.

The highest heavy metals measured in different algal divisions were: Fe and Zn in green algae;
Ni, Cu, Mn and Pb in brown algae; Cd and Co in red algae.

In case of green algae, the highest Fe and Co levels (12640+276 and 4.8+0.3 ug metal g™ dry
wt.) were measured for Enteromorpha intestinalis in 1993 at igneada (Giiven et al., 1998). The highest
accumulation of Zn, Ni, Cu and Mn were in Ulva lactuca from Sinop coasts (see Table 9: Oztiirk et
al., 1996; Topcuoglu et al., 2003a). The highest Pb and Cd concentrations were found in
Chaetomorpha linum and Enteromorpha linza from Sinop coasts as well (see Table 9: Oztiirk, 1991and
1994; Oztiirk et al., 1994; Giiven et al., 1992).

The Black Sea has a variety of macroalgae and one of the widespread brown species is the
genus Cystoseira. Cystoseira barbata have shown a clear selectivity for some heavy metals (see Table
9, section Phaeophyta), which may encourage their use as bio-monitor organism for heavy metal
pollution. In C. barbata species, heavy metal concentrations except Zn reviewed in the Table 9 were
decreased from 1980s and1990s to 2000s. However, generalizations cannot be made.

Many species belong to Rhodophyta were studied for heavy metal concentrations. Table 9
show that fluctuations in the results from one area with respect to the time factor were caused by
changes in local inputs which changed from time to time. Similarly these differences depend on the
habitats of the species.

Heavy metal in plankton

Zooplankton are key links in the transfer of carbon and play an important role in the
biogeochemical cycling of metals through marine food webs. The highest Cu and Pb concentrations
were found in Trabzon and Samsun coast, respectively. Only a few studies carried out the levels of
heavy metal in plankton in the Turkish coast of the Black Sea (see Table 9: Unsal et al., 1992 and
1993; Bat et al., 2006). Information on this issue is urgently needed.
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Heavy metals in Crustaceans

Crustaceans are also used as bio-monitors in marine systems. One reason is that they are a
very successful group of animals, distributed in a number of different habitats and are thus interesting
candidates for comparative investigations. Although some information is available on the
bioaccumulation of metals in some crustaceans (Oztiirk et al., 1994 and 1996; Oztiirk and Bat, 1994;
Bat and Oztiirk, 1997; Bat et al., 1998a and 2013), rare data are available on heavy metal levels of
especially economic Crustaceans from the Turkish Black Sea coast. Bat et al. (2013) reported that C.
crangon could be a very good bio-monitor for the heavy metals.

Heavy metals in Mollusc

Among the Mollusc the mussels, Mytilus galloprovincialis are commonly used as biomonitors
of heavy metal pollution in coastal waters, followed by Rapana venosa and Patella caerulea (Table
9). Mussels as filtering organisms, large volumes of water enter in contact with their body surface
and are well known to accumulate a wide range of contaminants in their soft tissues. They are easy
identification and collection of organisms, abundance in an ecosystem. Further, by consuming
mussels humans are exposed to the metals with a potential danger to human health. Turkish
legislation recommended guideline metal concentrations in bivalve have been reported. According
to this guideline, these concentrations should be 1 ppm for Cd, 2 ppm for Pb, 20 ppm for Cu and 50
ppm for Zn (Anonymous, 1995).

The highest Fe, Zn, Ni, Cu, Mn, Pb, Cd and Co concentrations in Mytilus galloprovincialis
were 4030+121 pg/g dry wt. at Cayeli, 630+32 pg/g dry wt. at Camburnu, 43.8 pyg/g dry wt. at Samsun,
260+8 pg/g dry wt. at Rize, 73.05 pg/g dry wt. at Samsun, 108.6 pg/g dry wt. at Samsun, 6.44+0.01
pg/g dry wt. at Amasra and 5.36+0.33 pg/g dry wt. at Rize, respectively (see Table 9). The order of
bioaccumulation of metals in the sense of decreasing values was: Fe> Zn > Cu> Pb >Mn> Ni > Cd > Co.
Heavy metals do not show clear trends of evolution in one specific direction, as large fluctuations in
concentration are observed over the years and stations.

The predator gastropod Rapana venosa prefer mussels especially Mytilus as food. Thus, it is
suggested that there are differences in inherent response to heavy metals among molluscan species.
Table 1 show that heavy metal levels in the sea snail collected from Fatsa, Persembe, Rize and Sinop
coast. Heavy metals except Co reviewed in Table 1 in mussels were higher than those in sea snail.
The concentrations of metals found in the limpet would appear to be lower, in general, than those
found in mussel or sea snail from different study area in Table 9.

Heavy metals in fish

The Black Sea itself has already been the victim of unmanaged fisheries, of unrestricted
intense shipping activities, of mineral exploitation and of the dumping of toxic wastes (Mee, 1992).
Consequently, organic and inorganic pollutants are accumulated here. Persistent substances are
sometimes concentrated in food chains and man may be exposed to an accumulated hazard. Fish is
generally appreciated as one of the healthiest and cheapest sources of protein and accumulate metals
from food and ambient water. The metal concentrations decrease in the order
Zn>Fe>Cu>Mn>Pb>Ni>Co>Cd. Fe, Cu and Co accumulated in higher concentrations in tissue (liver)
and less in muscle. When the metal concentrations were compared among the Turkish Black Sea
coasts, Cu concentrations were found to be highest in Bartin (Tiurkmen et al., 2008b). Fe and Pb
concentrations were found to be highest in Trabzon. Cd concentrations were found to be highest in
igneada and it was followed by istanbul, Samsun and Bartin (Topcuoglu et al., 1990; Uluozlu et al.,
2007; Tuzen, 2003; Turkmen et al., 2008b). Zn concentrations were found to be highest in Samsun
(Aygun and Abanoz, 2011). In terms of metal pollutants load from Turkish coast of the Black Sea
especially in igneada, Trabzon, Bartin and Samsun were higher than other cities of Turkish coast of
Black Sea. The iron and zinc concentrations were highest in lipid-rich pelagic fish Engraulis sp. and
copper, manganese and cobalt were highest in Trachurus spp. The maximum concentrations of Pb
and Cd were found in bottom fish Psetta maxima at igneada and Mullus barbatus at Trabzon. Boran
and Altinok (2010) concluded that heavy metal pollution in living organisms of the Black Sea has
attracted considerable research attention since last 30 years.Differences in metal concentrations
related to diet and feeding habits of benthic and pelagic fish species (Bustamente et al., 2003). They
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show that benthic fish generally accumulate higher concentrations of heavy metals than pelagic fish.
Whereas, Topping (1973) suggested that mainly plankton feeding fish contain much higher
concentrations of some heavy metals than bottom feeding fish.

Anchovy is zooplanktonivorous fish and has high metabolic rate. Yilmaz (2003) found that
concentrations of heavy metals were higher in fish skin than in muscles tissues. The reason for high
metal concentrations in small fish could be due to the metal complexion in skin with the mucus that
is impossible to be removed completely from small fish the tissue before the analysis. Indeed it should
be reported that for small fish the skin may be an important site for the uptake of metals due to
their high surface area to body ratio.

Fish has been considered good indicators for heavy metal contamination in aquatic
ecosystems because they occupy different trophic levels. Meanwhile, fish are widely consumed in
many parts of the world by humans.

Bat et al. (2009) pointed out that Turkey is developing countries where industrial and urban
developments mostly occur in coastal areas through increased input of wastes impose a further stress
on the Turkish coasts of Black Sea. However it is better to continue the studies on the metal pollution
effects on food chain organisms comparatively before reaching any definitive conclusion.

In some circumstances, public and ecosystem health may be severely compromised. It will
be important to continue with more detailed, extensive observations to monitor this situation in the
future specially around industrial centres and ports and reference areas and their impact on the
environment.

2.3 Sources Of Pollution
2.3.1 Sources Of Pollution On The Romanian Territory.

Pollution of the sea by industrial facilities located on the seafront;

Pollution of the sea due to the discharge of pollutants into the waters of the river basins that
flow into the Black Sea.

The state of the upper level of the Black Sea, with the existing historical pollution

Pollution due to gas exploitation;

Pollution due to maritime transport;

N =

o AW

Fig.15 Map of oily ship discharges to the Black Sea, detected as a result of the analysis of satellite
radar data in 2009-2011.

Determination of terrestrial pollution sources “HotSpots”
The concept of “HotSpot” was used to locate and highlight pollution sources. Definition
HotSpot - “Hot spot” means a limited and definable local surface,a specific surface water surface or
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aquifer that is subject to excessive pollution and requires priority attention to prevent or reduce
actual or potential adverse effects on human health, ecosystems or natural resources and facilities
of economic importance (LBS Protocol revised by the Convention in Bucharest, 2009).

Definition LBS- land based source - source of land pollution

For years, maintaining the health of the Black Sea environment with all ecosystem goods and
services operating at a time of economic recovery and further development has been considered a
priority challenge for all Black Sea coastal states. However, most of the environmental problems in
the Black Sea have not been effectively addressed.

In addition, being cross-border in nature, Black Sea environmental issues cannot be
effectively managed by individual states. Recognizing the need for cooperation, harmonization of
approaches to environmental protection and transparency management, the partners of the HBS -
HotSpot Black Sea Project address one of the most sensitive issues in the Black Sea region - the
hotspots.

The successful implementation of the HBS Project, through the strong partnership of
professional organizations from five Black Sea coastal states, contributes to the improvement of
regional cooperation in the field of environmental protection in the Black Sea and adds directly to
the measures aimed at improving the status of the Black Sea. durable.

Work packages

This project is briefly called HBS (Hot Black Sea) or HotSpots Project. It is an integrated type
of joint action. Some of the activities are implemented similarly by all project partners in their
countries. The main objective of the HBS project is to harmonize policies and develop tools for
decision-makers in the field of protection of the Black Sea against pollution from terrestrial sources.
Project tools are useful for all coastal states in the Black Sea. They could be implemented at national
and regional level.

Project activities include six work packages:
1. Harmonization of Hot Spots policies
2. ldentification, evaluation and prioritization of hot spots
3. Hot Spots Database to support decision making and investment planning and increasing
industry expertise
4. Dissemination of knowledge and best practices, public awareness and visibility
5. Action management and coordination
6. Providers of environmental data / information

Actors involved in pressure (compliance) and chemical / biological monitoring of coastal waters
in the Black Sea:
e National, regional and local public authorities involved in the development, decision-making
and management of environmental policies
e National authorities and international organizations (such as the Black Sea Commission, Black
Sea Economic Cooperation, UNDP, UNEP, EU Environment DG, EEA, etc.) involved in Black
Sea environmental issues
e The industry that causes pollution in the Black Sea
e Public interest groups targeting the sustainable Black Sea ecosystem Educational
organizations such as universities and schools
e The large public

In Romania, 6 sources of land pollution, 4 municipal and 2 industrial were reported to the Black Sea
Commission as follows:

Hot spot name Amount discharged m3 / year
Constanta port 379.000

Constanta Sud Wastewater Treatment Plant 48.290.000

Mangalia Wastewater Treatment Plant 82.570
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Constanta North Wastewater Treatment Plant 83.230
Eforie South Wastewater Treatment Plant 57.000
SC ROMPETROL REFINE (refining) 7.360.000

B X

Thus, the port of Constanta, the treatment plant Constanta Sud, the treatment plant
Mangalia and the treatment plant Constanta Nord are hot spots with short-term priority of grade 1.
The rest of the security systems in Romania have priority of grade 2. A major problem was faced in
updating and verifying the HotSpots list in Romania - the lack of data or the lack of accessibility of
data to go through all levels of screening, as required by the HotSpots Methodology.

Other possible candidates as sources of pollution are listed below. These additional sources
of pollution require the collection of data and meta-data, verification of their status and
prioritization in support of decision-making.

1. The port of Mangalia is located on the Black Sea coast, close to the southern border with Bulgaria
and 260 km north of Istanbul. It has an area of 142.19 ha of which 27.47 ha of land and 114.472 ha
of water. The northern and southern dams have a total length of 2.74 km. There are 4 berths (2
berths operational) with a total length of 540 m. The maximum depth is 9m

. The main categories of goods: chemicals, fertilizers, bitumen, general merchandise. Medium
pollution risk.

2. The Danube-Black Sea Canal is a waterway located in Constanta County, Romania, which connects
the ports of Cernavoda on the Danube with the ports of Constanta and Midia Navodari in the Black
Sea with a total length of 95.6 km. It consists of the main branch 64.4 km long and the northern
branch (known as the White Gate - Midia Navodari Canal) 31.2 km long. The Danube-Black Sea Canal
is part of the European waterways between the Black Sea and the North Sea. Medium pollution risk.
3. Poarta Alba - Midia Navodari Canal connects the port aquarium of Midia port and Luminita port
from Lake Tasaul (Navodari) with the Danube - Black Sea Canal, near Poarta Alba village. It was
opened on October 26, 1987. It has a length of 31.2 km and is located between the port of Midia, 0
km from the canal, and the confluence with the Danube-Black Sea Canal at 36 km, in Poarta Alba. At
km 3 it has a fork (5.5 km long) that connects the port of Luminita. Both Ovidiu port and Luminita
port are part of the canal. Medium pollution risk.

4. Midia Port is located on the Black Sea coast, about 13.5 km north of Constanta. It was designed

and built to provide facilities for the industrial and petrochemical center. The northern and
southern dams have a total length of 6.97 m. The port covers an area of 834 ha, of which 234 ha

of land and 600 ha of water. It has 14 berths (11 are operational dances, three berths of the
shipyard) and the total length of the quay is 2.24 km. The main categories of goods: crude oil

and derivatives, cereals, LPG, metal products. High risk of pollution.

5. Offshore gas and oil exploitation.
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Fig.16 Romanian offshore gas explotation.
Offshore gas exploitation activities present an increased risk of accidental pollution. In most of
the perimeters, exploration activities are carried out, following as in stages to move to the
operating stage.

6. Midia offshore project.
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Fig.17 Schematic Concept for Midia Gas Develpoment

This project creates an underwater offshore infrastructure that connects gas exploration
platforms to the future gas processing plant. Like any offshore infrastructure project, there is
an increased risk of accidental pollution.

7. Crossing the Danube Bratul Sfantul Gheorghe

The Sfantu Gheorghe arm is the middle arm in length (108 km) and flow, advancing to
the southeast. To the south, there are two canals that connect with the lancina estuary.
Sfantu Gheorghe is the oldest arm, which carries 24% of the volume of water and alluvium. The
greatest depth on this arm is 26 m. And this arm has undergone transformations by cutting a
number of six meanders, its length being shortened to 70 km. Medium pollution risk.

8. Pouring of the Danube Bratul Sulina

This arm is the shortest (having only 64 km), being straight, regularized and channeled,
it is used for navigation, following the deepening and correction of some meanders. As a result
of these works, which took place between 1862 and 1902, the length of the arm decreased from
93 km to 64 km, and the volume of drained water doubled (18% at present), the minimum depth
being 7 m, and the maximum of 18 m. Due to the fact that it is a navigable artery at the mouth
of the Danube, it sums up the existing problems with the impact of transport activities, thus
presenting an increased risk of pollution.

9. Pouring of the Danube Chilia Arm.

The first fork is upstream of Tulcea, where the Chilia arm heads north, having the longest
length (120 km) and flow of about 60% of the total. At its discharge into the sea, there is a
secondary delta, which has three secondary arms: Tataru, Chernovca, Babina. It has the highest
flow, has low river transport activities, but due to the works on the Bistroe canal it has an
increased risk of pollution.

2.3.2 Sources of pollution on the territory of the Republic of Moldova.

Potential sources of pollution of aquatic resources
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Solid waste

If there is a large amount of solids in the water, they make it opaque in sunlight and thus
impede the process of photosynthesis in water basins. This, in turn, causes a disruption in the food
chain in these water tanks. In addition, solid waste clogs rivers and shipping channels, leading to the
need for frequent dredging.

Oil spills

Onshore and offshore gas and oil extraction activities and fluvio-maritime transport are
responsible for water pollution with oil residues. These residues spilled into river waters and seawater
have many negative effects on biodiversity.

Dniester pollution

- Degraded the hydrological, hydrochemical and hydrobiological regime throughout the basin

- The self-purification capacity of the river has decreased (by 80% in the last 3 years)

- Valuable species of fish have disappeared (clean, bait, perch, catfish, barbel)

- The Dubasari dam and dam lake were intensively muddy

- The negative influence of the hydraulic nodule from Novodnestrovsk

- Following the launch of the 3rd phase of the Novodnestrovsk Hydroelectric Power Plant, the flows
in the Naslavcea-Otaci sector decreased to 120-130m3 / sec (norm 220-260m3 / sec)

- The water level often drops until the bottom of the Dniester River is exposed

Specialists warn that it is forbidden to use water from small rivers for consumption, irrigation
or raising fish. Moreover, the Prut and Nistru rivers, the main sources of drinking water, have reached
the limit of permissible pollution. The Nistru river is highly polluted and poses a danger to human
health; contains drugs, pesticides, pharmaceuticals and chemicals. The Ukrainian and Moldovan
authorities do not constantly monitor and perform checks on the quality of river water. The
Wastewater Treatment Plant of SA Apa-Canal Chisinau is the largest source of pollution of the
Dniester on the territory of the Republic of Moldova. The Nistru Basin, being the main source of
drinking water. Moldova is one of the countries with a shortage of drinking water and a high risk of
climate change.

The main sources of water pollution are:

- run-off of rainwater from areas occupied by landfills, refueling stations, various landfills,
agricultural fields, livestock, undeveloped areas of various operating or stationary enterprises;

- unorganized discharges of domestic wastewater, being discharged into impermeable ponds and
natural watercourses;

- discharges of insufficiently treated or untreated wastewater from the domestic and industrial
sector.

Of the pollution sources of aquatic resources, only those resulting from discharges resulting

from the activities of primary water users are subject to control, which negatively influences surface
waters due to insufficient purification of wastewater and in many cases, wastewater discharge
without purification in most localities country.
Pollution prevention is aimed, first of all, at stimulating a new approach to the production process,
which reduces the emission into the aquatic environment of toxic and dangerous elements
(carcinogenic, mutagenic, resistant, etc.) and their mixtures by implementing low-waste
technologies. and without waste, secondly, to increase economic interest in the repeated use of
biodegraded waste, thirdly, to the planned support of hydroelectric constructions that would not
allow to increase the risk in case of their accidental deterioration.

According to the analyzed hydrobiological elements:

- the water from the rivers Draghiste, Larga, Lopatnic, Medveja, Sarata, Vilia, Zelionaia was
appreciated as “clean” and was attributed to the second quality class;

- the water from the rivers llenuta, Camenca, Ciorna, Ciuhuret, Delia, Frasinesti, Narnova, Racovat,
Salcia Mare, Cogalnic, lalpug, Raut, Ciuhur and Cubolta was assessed as “moderately polluted” and
was assigned to the third class of quality.

- the rivers Bac, Botna, Lunga, Ichel and Cahul were appreciated with the intermediate class lll-IV -
the water is “moderately polluted” with the tendency towards “degraded”.
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-the water from some sections of the rivers Bac, Botna, Garla Mare, Lunga and Raut was appreciated
with quality class V - "polluted".

Water and sanitation

In order to develop the water and sanitation food sector, create the necessary framework for
gradually ensuring by 2028 access to safe water and adequate sanitation for all localities and
population of the Republic of Moldova, thus contributing to improving health, dignity and quality of
life and economic development. of the country by Government Decision no. 199 of 20.03.2014 was
approved: Water supply and sanitation strategy for 2014-2028.

A large influence on the quality of natural waters has the discharges of untreated or
insufficiently treated wastewater from treatment plants in natural receptors. The largest volumes of
untreated wastewater come from the sewerage systems of the localities.

Wastewater treatment plants in the system of protection of aquatic resources occupy one of
the most important places. Out of 233 in number, 144 units have project documentation, the Limited
Admissible Discharge (DLA) regulations - 53 units, with insufficient treatment works - 160 units.

Insufficient volume of wastewater and excessive concentration of harmful substances
received disrupt the optimal operation of the technological process of treatment of treatment plants.

It is necessary for the economic agents to build their local treatment plant, and the discharge
of wastewater in the sewerage system to comply with the norms of the Regulation on the
requirements for collection, treatment and discharge of wastewater in the sewerage system and / or
water outlets for the localities. urban and rural.

An important problem that exists in the process of wastewater treatment and significantly
influences the environment is the lack of modern wastewater treatment plants.

Currently, wastewater treatment plants built in the 90s., both in villages and in cities, are
destroyed and have a high degree of wear of buildings. This has led to the essential reduction of
wastewater volumes, the transmission of treatment plants under the management of local public
administration authorities, which do not have experienced professional staff and the necessary
investments. Most SEBs work at very low rates, requiring reconstruction with technological
modernization of treatment plants.

For several years, the problem of wastewater treatment in the cities of Soroca, Rezina,
Criuleni, Cantemir, Comrat, Cimislia has not been solved.

The ecological situation created by the untreated wastewater discharged from Soroca into
the Nistru River, Cantemir into the Prut River, Cimislia into the Cogilnic River, Rezina into the
Dniester River, Straseni into the Bic River remains worrying, Taraclia, Tvardita.

An important problem that exists in the wastewater treatment process and significantly influences
the environment is the lack of modern sludge processing facilities formed during wastewater
treatment.

In most cases, wastewater is discharged without purification in most localities of the
republic, such as the cities: Soroca, Rezina, Cantemir, Cimislia, Chisinau and others.

Cross-border impact
For the Republic of Moldova, aquatic resources are a priority topic of international activity, taking
into account the cross-border nature of the Prut River, which borders Moldova to the west with
Romania, and the Nistru, which borders Ukraine to the east.

Environmental problems are intertwined and complicated in most situations and close
collaboration and joint solutions are needed.

In this context, the country is jointly obliged with Romania and Ukraine to comply with the
requirements of the Regional Convention on the Protection and Use of Transboundary watercourses
and International Lakes (Helsinki, 1992) to which these countries have acceded.

Measures to protect aquatic resources
In order to protect and sustainably use water resources, which is a priority issue for the
Republic of Moldova, in 2018 actions were taken at the country level.
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In the localities of the republic were elaborated and realized concrete action plans for each
locality by the local public authorities in coordination with the territorial environmental authorities,
related to the arrangement of wells and springs, liquidation of landfills in the river protection area.

The branch services of local public authorities, public institutions and education, non-
governmental organizations, business units, civil society were involved in the process of carrying out
the action. Thus, activities were carried out, such as: cleaning flowing water courses, arranging and
planting trees in the protection areas of rivers, streams, springs and other aquatic objects located in
the hydrological network of the locality.

2.3.3. Sources Of Pollution in Ukraine

Ministry of Ecology and Natural Resources of Ukraine (2001) listed the basic anthropogenic
factors that influence water quality in the main rivers emptying into the sea below:
« high load with biogenic elements and water eutrophication;
« pollution with harmful substances, including oil;
» microbiological pollution;
« pollution with the substances that lead to higher BODs and oxygen depletion;
« excessive water intake and flow control that impacts negatively the self-purification capacity of
the river.

It is indicated that the major contamination sources are the communal management
facilities, sea transport, industries, agricultural sector and recreational facilities; all these facilities
are both actual and potential sources of ecological damage.

Table 7. Ranking of business facilities as to their negative impact upon seawater areas with the
discharge of sewage (from Ministry of Ecology and Natural Resources of Ukraine, 2001).

Description of business activity Loss %
Housing and communal management 59
Shore facilities of sea transport 32
Industries 8
Recreational facilities 1

Ministry of Ecology and Natural Resources of Ukraine (2001) reported that every year
Ukrainian rivers run into the Black Sea 653,000 t of suspended substances, more than 8,000 t of
organic matter, approximately 1,900 t of nitrogen, 1,200 t of phosphorous and other substances.

2.3.4 Sources Of Pollution in Russia

e Reducing Pollution on the Black Sea Coast
e Researchers use GIS to monitor and
estimate water quality and pollutant
concentration.
e GIS streamlines analysis and planning for an improved sea environment.
e ArcGlIS helps decision makers resolve
e the pollution problem in the Black Sea.

Marine pollution has been a concern for a long time, but during the last decade, the issue has become
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more pressing as human influences have exacerbated the problem and vast ecosystems have been
affected. It is no longer a local or regional matter; it is a major international problem that must be
addressed with a systematic approach.
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Fig.18 Map of the Black and Azov seas, which is structured as separate layers: cities, rivers, seas,
forests, roads, borders, railways, etc.

A Vast Ecosystem in Danger

Seas inside and surrounding Russia have intensive anthropogenic loading, in water and as a
result of industrial activities near catchment basins. The main sources of pollution are river drainage,
sewage, and water transportation.

Pollution in the Black Sea is particularly worrisome. There are dire ecological consequences
to deal with because of chemical, physical, and biological pollution.

The Black Sea's deep waters do not mix with the upper layers of water that receive oxygen
from the atmosphere. These hydrochemical characteristics, along with the Black Sea reservoir's
climatic features and social/economic impacts of its use, influence the character of shelf vegetation,
its vertical and horizontal distribution, and specific structure. Policy makers within the Russian
Federation need accurate, up-to-date spatial data to be able to make informed decisions about water
resource management.

There are many factors that influence the ecology of water bodies, and GIS makes analysis
and planning for an improved sea environment easier with its visualization capabilities. Analysts at
St. Petersburg Electrotechnical University are using ArcGIS software for data management, to create
thematic maps, and to support stakeholders in decision making as they administer marine policies.
They have developed a system for monitoring and estimating water quality that facilitates managing
large amounts of data for mapping and analysis. This helps organizations set pollution standards and
conduct appropriate wildlife management.

Developing the System

The process for creating the system to estimate water conditions uses Arcinfo software. The

GIS contains the following:

-Basemap, which includes cities, rivers, seas, forests, roads, borders, and railways

-Geodatabase of the ecological situation, including observation posts on the Black Sea, a table of
pollutant concentrations, and a table of maximum ermissible concentrations of pollutants.

To estimate water quality, analysts compare data from observation posts with a control and
calculate water characteristics using specific criteria. They can process large amounts of data to
estimate when a specific observation post will exceed the maximum permissible concentrations of a
pollutant.

The analysts use this process to determine the changes in substance concentrations in the
coastal area of the Black Sea. Values of a maximum concentration level are used as a measure of a
water body's impurity.
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Monitoring the Black Sea's Water Resources

The researchers discovered rather high concentrations of pollutants along the coasts of Sochi,
Hosta, Adler, and Gelengic. Over time, the level of pollutants, such as hydrocarbons, stabilized and
didn't exceed 0.03 mg/l in the ports of Anapa, Novorossisk, and Gelengic. The maximum
concentration values in these three ports were lower than in 2000; in the port of Tuapse, they were
two times higher; and in the port of Sochi, they were approximately the same value. All the average
and maximum concentration surface-active material in the coastal zone from Anapa to Sochi for the
last five years did not exceed the limit of 25 mkg/L.

2.3.5 Sources Of Pollution in Georgia

«Pollution from Agricultural, Domestic and Industrial Sources- The eutrophication phenomenon
or the over-fertilization of the sea by compounds of nitrogen and phosphorus (also called nutrients)

«Chemical pollution- Oil enters the marine environment as a result of operational or accidental
discharges from vessels, as well as through insufficiently treated wastewaters from land based
sources.

*Wastewaters-discharge of insufficiently treated sewage waters, which results in microbiological
contamination and poses a threat to public health

« Solid Waste, dumped into the sea from ships and some coastal towns. Any floating or semi-
submerged waste inevitably ends on the seashore. Therefore the Black Sea beaches tend to
accumulate a lot of garbage, which is unsightly and presents a risk to the health of humans and
marine species.

« Marine Litter- On Black Sea beaches, the most common types of litter are cigarette butts, bottle
caps, and packaging from chips or other snack foods.

Flowing from rivers into the Black Sea, the most common pollutants are bottles, packaging, and
plastic bags, among other pieces of unidentifiable plastics.

Microplastics, at less than 5 mm, are also a significant problem and have dramatic
consequences, particularly when ingested by marine life such as dolphins, fish, shellfish, and
plankton.

The main source of pollution of Georgian coastal waters is untreated waste waters discharged
into the sea. The quality of waters at recreational beaches generally meets the required bathing
water standards, although there are some exceptions. The construction and rehabilitation of
sewerage systems and waste water treatment plants is underway along the entire coastal line of
Georgia. These works will significantly decrease the pollution of the Georgian marine coastal
waters.The discharge of untreated urban wastewater and marine littering by municipal waste are the
main challenges to coastal waters of the Black Sea in Georgia and urban pollution has been
intensifying with the increase of tourism activity in this region. Based on data obtained through the
intensive seasonal monitoring of the coastal waters, the Sarfi-Kvariati and Gonio areas are of the best
quality, while high a concentration of E.coli has been observed in places where untreated urban
wastewater discharges intothe Black Sea. The worst situation has been recorded at the Bartskhana
River estuary where the concentration of E. coli was more than 24, 000/litre when the allowable
standard is 10, 000/litre. To reduce untreated wastewater discharge in the sea, the Batumi (Adlia)
WWTP was constructed and two others are under construction in Ureki and Kobuleti as mentioned
above.

Marine littering with municipal waste is another problem for coastal waters. The uncontrolled
dumping of municipal waste in the tributary river beds or the adjacent coastal areas, causes the
littering of the beach and coastal waters. In turn, this poses risks to the environment, marine life,
human health, and negatively affects tourism development.

The discharge of wastewater and municipal waste contributes to the enrichment of the Black
Sea with nutrients and consequently, to the eutrophication process, which is the largest challenge
for the Black Sea in general. Signs of eutrophication have already been observed in the coastal zone
of Georgia too. Another risk to the Black Sea is its pollution with oil and oil products in the ports of
Georgia. An especially high level of pollution is observed along the shipping routes (about 0.3 mg/l)
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and most likely this is a result of the release of ballast waters from ships. Only a few terminals (for
example Batumi oil terminal) are equipped with the type of special infrastructure for accepting and
treatment of ballast waters. In 2014, Georgia joined the International Convention on Control and
Management of Ballistic Water and Sewer, which created a legal basis for ballast waters management.

2.3.6 Sources Of Pollution in Turkey
Farmland in the Turkey coasts of Black Sea region, which is threatened by loss or occupation

due to its potential for non-agricultural use, is also being damaged or badly polluted by factory
emissions. Another point not to be overlooked here is the fact that smooth, level land, which is
suitable for farming is also very attractive for urbanization and industrial development because it
entails much lower building costs. Level land is rare in the Black Sea region, and is observed mainly
along the coast, where fruits and vegetables are intensively grown. It is virtually certain that the
whole of this narrow plain, rich is so valuable to the region, -will be lost entirely in the near future.
The flat, wide strip, for example, between the city of Trabzon and the county seat of Yomra to the
east is being rapidly covered with factories and their subsidiary plants on the south side of the road.
s

In general, residential district in the Black Sea coasts have major issues of handling solid
wastes, especially Zonguldak, Samsun and Trabzon have the great difficulties. Common operation in
these regions is dumping solid wastes into the Black Sea. Again there are solid wastes troubles induced
by accumulations of sludge and ashes at the iron and steel plants at Karabiik and Eregli. Sludge and
stacked ashes besides pose an issue in the nitrogen plant at Samsun, owing to the usage of lignite at
the Catalagz1 thermal power plant, ashes and slag are deposited in the environment making a soil
pollution problem there (Environment Foundation of Turkey, 1995).

2.3.7 Sources Of Pollution in Bulgaria

Population increase in the littoral reasons rapid urbanization of the coast, development of
infrastructures, transport system and thus, coastal ecosystems undergo pressure and happen
vulnerable to contamination, habitat degradation and loss, overfishing, and increased coastal
hazards. Increased tourism development over the recent years is an extra risk factor for the Bulgarian
Black Sea coastal zone. It was indicated that the coastal zone is a limited and very vulnerable land
area, the high population increase due to tourism is one of the most hazardous factors for coastal
zone sustainability. Although tourism growth and coastal development give rise to a number of
economic benefits, they also could lead to loss of habitat, green space, and biodiversity (Atanas and
Stanchev, 2007).
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Figure 19. Bulgarian Black Sea municipalities (from Atanas and Stanchev, 2006)

Bulgaria has a population of about 7.2 million people (Chilikova-Lubomirova, 2020). The
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anthropogenic activities impact water formation in Bulgaria. Hydrotechnical and hydromelioration
facilities change water runoff patterns, capture and store water quantities in periods of high water,
which are then used for drinking, electricity, irrigation, industrial purposes etc. Large dams such as
“Iskar”, “Koprinka”, “Kardzhali”, “Studen Kladenets”, “lvaylovgrad”, “Belmeken”, “Al.
Stamboliyski” and other have been constructed in Bulgaria (Velichkova et al., 2020). Tapping of
numerous springs changes the runoff and water quantity in some rivers. Anthropogenic influence is
mostly negative. It is pointed out that water pollution with toxic substances from industrial water,
mineral fertilizers, pesticides and products for plant and biological protection; domestic wastewater
and others (Velichkova et al., 2020). Velichkova et al. (2020) also indicated that rivers in Bulgaria
have little catchment areas, because of the small territory of the country, water borders with the
Black Sea and the Danube, the proximity to the Aegean Sea, and the location of Balkan Mountains in
the middle of the country. The flow of rivers in Bulgaria is directed to two runoff basins, namely the
Black Sea and the Aegean. The larger of catchment areas and rivers pertain to the Black Sea
catchment area with 57% of the country area, with only a small part of the territory with 12% being
drained by rivers that flow directly into the Black Sea. Much of the Black Sea basin rivers flow into
the Danube. The majority Bulgarian rivers flowing into the Danube are the Topolovets, the Voinishka,
the Vidbol, the Archar, the Skomlya, the Lom, the Tsibritsa, the Ogosta, the Skat, the Iskar, the Vit,
the Osam, the Yantra, the Rusenski Lom. Some of the larger Bulgarian rivers that flow directly into
the Black Sea are the Batova, the Kamchia, the Dvoinitsa, the Hadzhiiska, the Aitoska, the Sredetska,
the Fakiiska, the Ropotamo, the Dyavolska, the Veleka and the Rezovska rivers. The rivers that belong
to the Aegean Basin are the Maritsa, the Struma, the Mesta, the Arda, the Tundzha and their
tributaries. They drain 43% of the country’s territory (Velichkova et al., 2020). Contamition of the
Bulgarian Black Sea refers to various discharges by rivers, municipal and industrial sources,
agriculture etc. (Dineva, 2011). Dineva (2011) listed on the names of the rivers that discharge into
the Bulgarian Black Sea are in order the Kamchia River, the Aheloy River, the Batova River, the
Dyavolska River, the Dvoinitsa River, the Hadjiska River, the Karaach River, the Rezovska River, the
Ropotamo River, and the Veleka River. In Bulgaria, the annual river discharge directly into the sea is
1.2 km?3; if the discharge from rivers flowing into coastal lakes is included, the total is 1.8 km?3. Up to
0.5 km? is removed annually and not returned (Jaoshvili, 2002).

2.3.8 Sources Of Pollution On The Territory Of The Republic Of Armenia

Energy security, industrialization, and economic growth have been prioritized above concerns
for environmental protection, conservation, and public health. Thus, almost two decades after
Armenia’s independence from the Soviet Union, the country’s environmental situation remains
alarming.

Fortunately, NGOs and aid organizations recognize the important ecosystem services that
Armenia’s natural environment provides. They continue to work to encourage the government to
value Armenia’s environmental resources and to protect the country’s air, water, and land resources
for the benefit of both the natural ecosystems and people Armenia continues to face problems with
respect to air, water, soil pollution, and threatened ecosystems that may bear significant political
and economic onsequences.

Water

The availability of clean water in Armenia continues to be a pressing concern. Sanitation and
water distribution systems are in urgent need of attention, the latter having been declared in
“deplorable” condition by international standards (IWACO, 2000). Aging and corroded infrastructure
poses a serious threat to human health. Water supplies are regularly contaminated by decaying
infrastructure that allows for cross contamination between sewage and freshwater drinking water
pipes.

Poor quality steel and concrete, corrosion, and puncturing from heavy loads result in losses
from the water distribution network as high as 61 percent in Yerevan, 71 percent in Gyumri, and 75
percent in Vanadzor. In addition to distribution loss, cross contamination between wastewater and
freshwater systems occurs during times of low or negative pressure. Furthermore, a study by the
Stockholm Environment Institute projects a decreased availability of water in Armenia under a
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business as usual scenario for climate developed by the Intergovernmental Panel on Climate Change
(Stanton et al, 2009; 47-55). Under this scenario—which is likely unless there is a global agreement
on climate change—worldwide emissions of greenhouse gases will follow the trends of the past 200
years and grow larger Yerevan—a city of more than one million people—is still without a fully
functional wastewater treatment plant. In 1999, an estimated 40 percent of Yerevan residents were
not connected to the wastewater treatment system and primary treatment was working at 63 percent
of capacity. Partially treated waste discharges directly into the Hrazdan River, the main water supply
for dozens of downstream villages. Further, wastewater systems in Vanadzor, Etchmiadzin, Gyumri,
Ashtarak, and Masis are listed as operating “badly” or “very badly” and sewage facilities in the
villages are labeled inadequate (IWACO, 2000).

In northern Armenia, clarifying tanks sit empty in the town of Vanadzor. Lead concentrations
in the Debed River reach 800 times background levels after passing through Vanadzor (Kurkjian,
2004). Farther north, in Alaverdi, where a smelter is located, the Debed River accepts water from
two streams where mines exist. It has lead concentrations greater than 3,000 micrograms/liter
(Kurkjian, 2004), with allowable limits for drinking water being 50 micrograms/liter and 15
micrograms/liter for adults and children, respectively. The Debed River exhibits a reddish-brown hue
as it flows through Alaverdi before it reaches its confluence with the Kura River.

Air

Air pollution is an environmental problem in many regions of Armenia. In Yerevan, for example,
the main landfill site, Nubarashen, burns continuously, producing smoke plumes from incinerated
plastics, paints, heavy metals, and other toxins that are emitted into the atmosphere. Studies have
demonstrated that burning plastics together with newspapers produces a carcinogen called dioxin
(e.g., Akioyasuhara, 2002). Even though only a small amount of dioxin is produced, Yerevan’s location
in a geologic depression causes this over time leading to higher average annual temperatures.
polluted air to stagnate over the city. The government has permitted new landfills, such as the one
in the Jrvezh area near Yerevan, where leaching could enter the stream drainage and fires produce
air pollution.

Solid Waste

Waste management is at the forefront of environmental concerns in both urban and rural areas
in Armenia. During the transition period from centralized to decentralized provision of services, non-
payment for services became common. Coupled with insufficient enforcement to collect user fees,
the culture of non-payment has limited the volume and reduced the quality of services provided to
the population, creating a vicious cycle. Thus, solid waste management has become one of the
problem services that chronically suffers from lack of funding and has remained of low quality in
Armenia since the early 1990s (Vanoyan et al., 2010).

Although waste collection has improved recently in Yerevan, it is still a very common practice
to dump waste in unauthorized places and then to burn the waste openly. This emits dioxins and
furans, toxic chemicals that cause a wide range of adverse health effects, such as skin disorders,
liver problems, impairment of the immune system, the endocrine system and reproductive functions,
as well as certain types of cancers. The disposal of hazardous medical waste is of special concern.
Deforestation

Deforestation, which had begun on a lesser scale in the Soviet era, has now escalated to an
unprecedented level. It continues to be an important environmental issue even though the energy
crisis of the 1990s is long over. It is a particularly dire concern for Armenia because only about 7-8
percent of the country is covered with forest (down from 35 percent two centuries ago), and much
of this forest is degraded (e.g., Hergnyan et al., 2007; Moreno- Sanchez and Sayadyan, 2005; Sayadyan
and Moreno-Sanchez, 2006).

Overall, the leading drivers of deforestation in Armenia are the use of fire wood because of
a lack of alternative fuel supplies, illegal logging, and the export of wood (seeDanielian and
Dallakyan, 2007 and Hergnyan et al., 2007). As a result, the following series of recommendations has
been proposed (Hergnyan et al., 2007) to address the situation: (1) ease the access of natural gas
supplies for rural residents through financing and reduced installation costs, (2) exempt industrial
round wood imports from VAT, (3) establish an integrated timber market and wood industry
association, (4) impose an export ban on industrial round wood, (5) facilitate tree farming, (6)

64

. ©



*
* oy K

coorErRATION \S

soiiBsBCnine s

Project funded by
EUROPEAN UNION

promote recycling and renewable energy production, (7) enhance the eco-tourism and non-wood
forest product sectors, and (8) implement forest certification and chain of custody tracking
procedures.

Agricultural Contamination

Much of the water pollution in the Ararat Valley occurs because of pesticide use in agricultural
operations. Waterways are contaminated by pesticides and other urban and agricultural runoff,
including organic and inorganic pollutants such as arsenic and cadmium, among others. Pesticides
left over from the Soviet era, including DDT, are still used for crop production (Berberyan, 2008),
along with many other products, which are sold with very little or no instruction about how to use
them and are applied with little regard for their danger (Kachadoorian, 2007). These pesticides are
flushed into the drainage water during the irrigation process and flow into receiving rivers and shallow
ground water or percolate into soils.

Overgrazing poses yet another agriculture-related problem. Increasing numbers of bands of
domestic sheep, goats, cattle, and horses are consuming the steppe and mountain grasslands and
shrub vegetation in Armenia. Loss of vegetation from riparian watershed areas and the consequent
erosion of topsoil could become one of the most serious problems for Armenian farmers and herders
in the decades to come. Such an outcome may also have implications for Armenia’s economy, which
relies heavily on agriculture (Steinfeld et al., 2006).

A shortage of affordable and clean energy during the years immediately after independence
has been one of the main causes of environmental degradation in Armenia. For health and safety
reasons after the devastating 1988 earthquake, the nuclear power plant (NPP), Medzamor, was
temporarily closed. With resources stretched exceedingly thin, and with the conflict in Nagorno-
Karabakh breaking out, the ensuing energy crisis paralyzed economic activity and resulted in social
hardship as access to residential electricity was reduced significantly. International assistance, most
notably from Russia, resulted in a reportedly massive overhaul of the reactors to ensure the safety
of the plant, and one of the reactors went back online in 1995.

2.3.9. Sources Of Pollution in Greece

The Aegean Sea is a semiclosed sea as a part of Mediterranean. The Aegean Sea covers nearly
214,000 km? in area and the sea’s maximum depth is 3543 m. This sea is the connection for oil
transportation between Black Sea and Mediterranean Sea. Shipping is the major problem in the
Aegean Sea; approximately 90,000 vessels reach its straits per year (Oztiirk et al., 2006). Besides
dense international shipping traffic, there is considerable local maritime traffic caused by cruising
and yachting. Eutrophication is one of the most visible dangers facing the sea. Algal blooms cause
decay used up the oxygen in the water and killed thousands of fish and other organisms in nearly
every summers. Even when marine biota are not killed outright, the effluent has an effect. Blooms
have also been reported in Elefsis Bay in Greece and in Izmir Bay in Turkey. There have been enormous
increases in energy consumption, the extraction of raw materials and their transportation across the
sea and beyond and in manufacturing and consumption. There is now strong evidence that clear signs
of deterioration in the health of the marine ecosystem and changes that its shores with massive
increase in contamination, from domestic, industry, touristic and intensive farming.

Greece is a country of the Balkans, in Southeastern Europe, bordered to the north by Albania,
North Macedonia and Bulgaria; to the east by Turkey, and is surrounded to the east by the Aegean
Sea, to the south by the Cretan and the Libyan Seas, and to the west by the lonian Sea which separates
Greece from Italy. Reuters (2007) informed that most coastal cities, including the capital Athens,
northern port city of Thessaloniki and Patra in southwestern Greece, are indicated by the United
Nations and the European Environment Agency to be major contaminants owing to partly untreated
industrial and household wastewater. The U.N. Environment Programme and the European
Environment Agency pointed out that the bay of Elefsis near Athens with about 1,000 industrial
plants, including shipyards, iron and steel works and refineries, was polluted by heavy metals, among
other things. The nearby Saronic Gulf washing the capital’s southern coastline is similarly polluted
with industrial and primary treated wastewater from the city’s sewers (Reuters, 2007).
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Chapter Illl . Proposed solutions, adopted Solutions and
Examples of Good Practices
3.1 Proposed Solutions

Ecological changes

For management intends it is beneficial to consider environmental changes in well-defined
steps, stages or classes. The Sea is still degraded, but substantial improvements have occurred over
the last three decades. This is indicated by changes in the plankton, fish and benthic invertebrate
communities. In addition, the area affected by oxygen consuming (hypoxia) is now much lesser than
in the 1980s and early 1990s. Ecological change was very quick in the 1990s and has continued through
the early 2000s, with the emphasis of this change having been on both adaptation and recovery.
However, it cannot be expected that the ecosystem of the Black Sea, which is so affected, will
recover completely.

Eutrophication/nutrient-enrichment

The following recommendations are made:

« Improve routine Black Sea nutrient monitoring in the countries. All countries should monitor the
Black Sea with the same sampling frequency to improve data comparability.

» Measure riverine and municipal/industrial nutrient discharge amounts (for the estimation of loads)
as total N and total P.

« Place a much greater importance on nutrient management in agriculture, notably the development,
adoption and enforcement of most agricultural application guidelines, including revised guidance on
fertiliser (organic and inorganic) application rates, together with a robust soil nutrient testing
programme.

« Standardise and harmonise the quantification of river loads. Procedures giving comparable results
should be adopted for the assessment of loads at the most downstream points in all major rivers
discharging into the Black Sea.

» Develop a nutrient source apportionment model for the whole Black Sea Basin to improve existing
understanding of nutrient sources.

Commercial marine living resources

The following recommendations are made:

« A regionally agreed system needs to be developed to match fishing effort to stocks (prohibition
periods, minimum admissible fish length, etc).

« Harmonise the methodologies for collection and collation of fisheries statistics at a regional level
« Establish regionally agreed national fishing zones in all Black Sea countries

« Prohibit the use of non-sustainable fishing technologies (notably dragging and bottom trawling).

« All countries should take greater effort to combat illegal fishing practices.

« Encourage expansion of the mariculture sector, but only if account is taken of environmental
considerations. The precautionary principal should be applied.

« Place a higher emphasis on ecological factors when making decisions on coastal development.
Chemical pollution

The following recommendations are made:

» Develop a regionally agreed list of priority contaminants for monitoring purposes.

» Develop robust national quality assurance programmes for the inter-comparation/inter-calibration
of chemical concentration and flow data from point sources.

« Harmonise environmental standards (discharge and environmental water/sediment quality
standards) throughout the Region.

 Produce a regional manual for data handling.

« Establish national plans to reduce/prevent pollution of the Black Sea.

« Build the capacity of environmental authorities to enforce existing regulations on the discharge of
priority pollutants from both point and diffuse sources.

« Develop national/regional public awareness programmes to promote bottom-up pressure on
decision makers in order to improve the environmental status of the Black Sea
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« Establish an inter-state ministerial mechanism to enable a quick response to major

pollution events.

» Develop/adopt an agreed transboundary environmental impact assessment methodology to assist
with transboundary projects in the region

e Reduce pollution loads by the application of best available technology and
introduction/enforcement of best agriculture practice.

« Aid industrial sectors (including mining enterprises) to develop Environmental Management Systems
and practice cleaner production activities

« Develop a network of farmer support services for raising awareness in the application of fertilizers,
pesticides and herbicides.

« Production of a code of practice for data handling and transfer for use by all national institutions
reporting to the BSC and the Permanent Secretariat itself.

Biodiversity

The following recommendations are made:

« Continue capacity-building and training of marine scientists.

« Allow environmentalists greater access to key decision-makers in organisations throughout the Black
Sea region.

« Undertake regular re-evaluations of major marine systematic (biological) groups in each of the BS
countries, using the latest IUCN criteria and guidelines for application at the regional level.

« Develop a habitat- and ecosystem- oriented approach to biodiversity management. Often it is
clearer which impacts are responsible for the deterioration of habitats than it is for individual species
« Once national Red Lists on habitats and biota have been completed, a Red Book of Habitats, Flora
and Fauna of the Black Sea should be created. This should serve as a tool for conservation
management at the regional level.

« Increase the number and area of Marine Protected Areas.

« Improve and back-up management strategies to prevent the introduction of new invasive species.
These should target the priority vectors of introduction - ships (ballast water) and aquaculture.
Stakeholders analysis

The following recommendations are made:

« Develop focused stakeholder involvement strategies for livestock industry and port and harbour
administrators to help them recognize and remedy actions that adversely impact the Black Sea
ecosystem.

« Target activities towards helping groups to adjust their current practices to more environmentally
sustainable approaches, in all areas and issues.

« Increase outreach efforts that emphasize the importance of biodiversity and habitat conservation.
« Target efforts to inform stakeholder groups about nutrient loading and eutrophication, and provide
alternative approaches to current waste water and nutrient management practices.

« Develop an outreach programme that includes stakeholders from all fisheries sectors to take steps
towards addressing the causes of over-fishing.

« Develop targeted interventions for the tourism and recreation industry to help it to take steps to
avoid negatively impacting the waters of the Black Sea.

« Develop an outreach component for the BS Commission that links the economic well-being of the
region with the health of the Black Sea.

Ecological crisis in the Black Sea resulting from anthropogenic forcing is manifested by considerable
negative changes especially in shelf areas: decreasing of fishery, changes in structure of primary
producers, losses of total biodiversity together with anthropogenic disharmony of natural landscapes
have taken place everywhere over broad regions of the Black Sea coasts. The data available clearly
indicate the need for measures which not only quantify the degree of deterioration of the system,
but also serve as a management tool to optimize measures to combat, to prevent and, where else
possible, to reverse the decline in environment quality.

The Black Sea is a semi-enclosed brackish sea with significant annual water temperature
oscillations and a permanent ‘dead’ anoxic zone below 200 m depth. Except in the northwest, the
continental shelf generally does not extend more than a few kilometres from the coast. The shallow
north-western shelf receives input from the Danube and Dnieper rivers which transport water from
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much of Europe and Russia. The Black Sea drains a catchment area containing large proportions of
15 countries, covering a land area of 2,000,000 km?, and receiving waste water from more than 170
million people.

During recent decades anthropogenic activities have dramatically impacted the Black Sea

ecosystem. High levels of riverine nutrient input during the 1970s and 1980s caused eutrophic
conditions including intense algal blooms resulting in hypoxia and the subsequent collapse of benthic
habitats on the North-western shelf. Intense fishing pressure also depleted stocks of apex predators
contributing to an increase in small planktivorous fish which are now the focus of fishing efforts. In
addition to eutrophication and overfishing, the Black Sea’s ecosystem changed even further with the
introductions of the comb jelly Mnemiopsis leidyi and the sea snail Rapana venosa.
Since the disintegration of the Soviet Union the Black Sea region has experienced increased trade
accompanied by complex and shifting politics, including issues created by the development of new
nations and the control of oil and gas pipelines. The Black Sea is also experiencing increased shipping
traffic, and with the economies of the previous communist states now in a period of expansion and
growth, industries such as tourism, urbanisation and infrastructure development are again increasing
pressure on the Black Sea coastal zone. Few international agreements regulating activities and
resource use in the Black Sea exist. However, with the recent addition of Bulgaria and Romania to
the EU and membership negotiations with Turkey underway, the Black Sea is now of interest to the
EU, a position creating both new challenges and opportunities for the management of this volatile
sea.

The human race is constantly consuming more goods and hence producing more waste.
Unfortunately, this increasing amount of waste produces is not being efficiently collected, disposed
of or processed property. Due to the increased population in coastal areas; a very significant amount
of litter finds its way to the seashore and marine environments. The problem is even greater in
developing countries, where main targets are to increase economic growth and production where
issues related to protecting the environment are a minor “priority”. The Black Sea, with its densely
populated coastal strip, is a “developing” region, especially considering its ever-increasing
importance in energy extraction and transport, tourism, and fisheries.

Most of fish stocks in the Black Sea, already stressed as a consequence of pollution, have
been over exploited or are threatened by over exploitation; many coastal areas have deteriorated
as a result of erosion and uncontrolled urban and industrial development, including the resultant
construction activities. Consequently, there is a serious risk of losing valuable habitats and landscape
and ultimately, the biological diversity and productivity of the Black Sea ecosystem.

The Black Sea and contiguous waters are used for shipping, fishing (along with a limited amount of
aquaculture, mineral exploitation, tourism, recreation, military exercises and for liquid and solid
waste disposal. In addition, the seabed and the catchment area are under permanent pressure from
other human activities, including urban development, industry, hydro- and nuclear energetics,
agriculture and land-improvement. Three principal groups of anthropogenic threats to the Black Sea
environment could be listed as follows:

Various kinds of pollution

Physical modification of the seabed, coasts and rivers; and

Irretrievable direct take of natural wealth including the (over) exploitation of mineral

Living resources

Protection approach to the seagrass ecosystem of the Black Sea

Seagrass are marine angiosperms that inhabit a shallow, unconsolidated bottoms of most
coastal areas. They are considered a valuable component of coastal ecosystems because of the
identification of different ecological functions, services and resource. Seagrass biosensors, rich in
species diversity, are cornerstone and highly productive ecosystems which fulfil a key role in the
world. The fate of seagrass can provide resource managers with advance signs of deteriorating
ecological conditions caused by poor water quality and pollution.

Main points for taking into consideration of seagrass are:
 Seagrass increase habitat diversity the leaves and the roots provide suitable substratum to a

68

. ©



coorErRATION \S

L Spin'tBSBOnIine Black 5o

Project funded by
EUROPEAN UNION

large number of organisms and dense leaf canopies determine microhabitats of low-light
availability) and, as a result promote and sustain the overall biodiversity of coastal ecosystems;

 Seagrass ecosystems are characterized by a high biological productivity not only due to the
seagrass themselves but also to that of the associated fauna and flora, which in many cases is
higher than that of the seagrass;

» Seagrass meadows are important ecosystem for many fish and invertabrate populations which
find appropriate nursery and feeding areas in them;

» To a certain extend seagrass can control water quality because they act as filters by trapping
suspended matter in the water column and by absorbing dissolved inorganic nutrients;

» They also have a role as regulators of coastal sediment dynamics because they reduce
sediment resuspension;

« The leaf canopy and the network of rhizomes and roots stabilize the sediment, and seagrass
epiphytes contribute to the formation of carbonate sediment particles;

« Seagrass also have a role in the elemental cycles of coastal ecosystems, mostly through the
export of organic matter to neighbouring communities and the accumulation of carbon and
nutrients in the sediment

While seagrasses are recognized as priority subjects for conservation efforts in international
(e.g. Rio Convention, EU’s Habitats Directive) and national frameworks, there is evidence that they
are experiencing significant widespread decline. Seagrasses exist at the land-sea margin and are
highly vulnerable to pressures from the world's human populations, which live disproportionately
along the coasts.

Widespread seagrass loss results from direct human impacts, including mechanical damage (by
dredging, fishing, and anchoring), eutrophication, aquaculture, siltation, effects of coastal
constructions, and food web alterations; and indirect human impacts, including negative effects of
climate change (erosion by rising sea level, increased storms, increased UV irradiance), as well as
from natural causes, such as cyclones and floods. Positive human effects include increased legislation
to protect seagrass, increased protection of coastal ecosystems, and enhanced efforts to monitor and
restore the marine ecosystem. However, these positive effects are unlikely to balance the negative
impacts. Uncertainties as to the present loss rate, derived from the paucity of coherent monitoring
programs, and the present inability to formulate reliable predictions as to the future rate of loss
represent a main bottleneck to the formulation of global conservation policies.

Human population growth, with concomitant increased pollution, hardening and alteration of
coastlines, and watershed clearing, threatens seagrass ecosystems and has resulted in substantial
and accelerating seagrass loss over the last 20 years.

Globally, the estimated loss of seagrass from direct and indirect human impacts amounts to 33,000
km2, or 18 % of the documented seagrass area, over the last two decades, based on an extrapolation
of known losses. Reported losses probably represent a small fraction of those that have occurred and
many losses may remain unreported, and indeed may never be known because most seagrasses leave
no long-term record of their existence. Causes range from changes in light attenuation due to
sedimentation and/or nutrient pollution, to direct damage and climate change.

Seagrass loss leads to a loss of the associated functions and services in the coastal zone;

» Seagrass loss involves a shift in the dominance of different primary producers in the coastal
ecosystem, which can only partially compensate for the loss of primary production. For
instance, the increased planktonic primary production with increasing nutrient inputs does not
compensate for the lost seagrass production, so that there is no clear relationship between
increased nutrient loading and ecosystem primary production.

« The loss of the sediment protection offered by the seagrass canopy enhances sediment
resuspension, leading to a further deterioration of light conditions for the remaining seagrass
plants. The extent of resuspension can be so severe following large-scale losses, the shoreline
may be altered.

+ The loss of seagrasses will also involve the loss of the oxygenation of sediment by seagrass
roots, promoting anoxic conditions in the sediments.
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« Seagrass loss has been shown to result in significant loss of coastal biodiversity, leading to a
modification of food webs and loss of harvestable resources.

In summary, seagrass loss represents a major loss of ecological as well as economic value
to the coastal ecosystems, and is therefore, a major source of concern for coastal managers.
Therefore, activities to reintroduce seagrass is very important for sustainable sea resources. Although
it is known a lot about seagrass, exactly what are the key species in this habitat and what role they
play is still unclear. Recognition of the importance of seagrass to biodiversity and productivity,
coastal protection, has prompted researches and resource managers to investigate ways to
understand of its ecologic functions, protect existing beds and restore disturbed seagrass
communities. The current rate of seagrass loss illustrates the imperilled status of these ecosystems
and the need for increased public awareness, expanded protective policies and active management.
In order to achieve such goals it is important to focus resources to monitor seagrass habitat trends
and conserve existing seagrass resources, act to attenuate the causes of seagrass loss, and develop
knowledge to revert ongoing seagrass decline.

Therefore, the protection of seagrass is very important for the Black Sea ecosystem. For this purpose,
a project should be carried out with the participation of the Black Sea countries. In this sense,
recommendations are listed below:
. To increase knowledge on the ecologic role of this habitat by identifying seagrass locations,
ecologic functions especially as a nestling area, the interactions with its inhabitants and also
migration patterns of the key species,
. To compose an effective action plan including precautions for protecting and the methods
for restoration of seagrass and to create special protected areas and to assign sensitive areas by
working on biomass and density and the co-effects on this important habitat, monitoring,
. To contribute to the effective implementation of the EU Common Fisheries Policy and to the
EU Environmental Policy by identifying state of the art in the Black Sea region using previous
studies,
. Mapping of seagrass habitat by using GIS software. The data collected during the survey will
be the main source of information for the mapping,
. To disseminate the scientific results, conservation and restoration status in an easily
understandable way for public awareness by web page, workshops, articles etc.

Marine Protected Areas (MPA)

This statement sets out the position of the IUCN General Assembly (1988) on the role of
Marine Protected Areas in the protection of and sustainable utilization of the marine environment. It
derives from Resolution GA17.38 of the 17th General Assembly of IUCN adopted at San Jose, Costa
Rica in February 1988. This resolution recognized that the marine environment must be managed in
an integrated way if it is to be able to sustain human use in the future, without progressive
degradation.

This policy statement was derived for application particularly to coastal marine areas that
are within the jurisdiction of individual nations or groups of nations acting in concert.

The primary goal of marine conservation and management is:

“To provide for the protection, restoration, wise use, understanding and enjoyment of the
marine heritage of the world in perpetuity through the creation of a global, representative system of
marine protected areas and through the management in accordance with the principles of the World
Conservation Strategy of human activities that use or affect the marine environment”.

The term “marine protected area” is defined as: “Any area of intertidal or subtidal terrain, together
with its overlying water and associated flora, fauna, historical and cultural features, which has been
reserved by law or other effective means to protect part or all of the enclosed environment”.
Broadly objectives of MPAs (Kelleher and Kenchington, 1991) are:

« to protect and manage substantial examples of marine and estuarine systems to ensure
their long-term viability and to maintain genetic diversity;

« to protect depleted, threatened, rare or endangered species and populations and, in
particular to preserve habitats considered critical for the survival of such species;

« to protect and manage areas of significance to the lifecycles of economically important
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species;

« to prevent outside activities from detrimentally affecting the marine protected areas;

« to provide for the continued welfare of people affected by the creation of marine
protected areas;

« to preserve, protect, and manage historical and cultural sites and natural aesthetic values
of marine and estuarine areas, for present and future generations;

« to facilitate the interpretation of marine and estuarine systems for the purposes of
conservation, education, and tourism;

« to accommodate within appropriate management regimes a broad spectrum of human
activities compatible with the primary goal in marine and estuarine settings;

« to provide for research and training, and for monitoring the environmental effects of
human activities, including the direct and indirect effects of development and adjacent land-use
practices.

MPA in the Black Sea

The Black Sea is an almost enclosed sea with high natural values although its biodiversity is
under great threat from a number of human sources e.g. pollution, over-fishing, marine traffic &
transport, exploitation of natural resources, invasive exotic species, climate change. Several
examples of continuing biodiversity loss are the tremendous reduce of size of Zernov’s Phillophora
nervosa beds, depletion of turbot stocks, critical status of sturgeons, loss of habitat for the Monk
Seals, etc. The Black Sea states, through the Bucharest Convention, are making some inroads into
improving the poor environmental situation. However, one important tool - the designation of Marine
Protected Areas or MPAs - which is increasingly being applied in western Europe and called for in the
Marine Strategy Directive, is being still insufficiently applied in the Black Sea region. The
representation of marine sites in the Black Sea countries’ protected area systems as a whole, and
especially in the offshore zone is poor.

The general aim of MPAs is to protect and restore certain marine habitats or species from
degradation. In addition, MPAs also support fisheries, improve socio-economic outcomes for local
communities, help to restore and maintain water quality, preserve genetic diversity and protect
archaeological sites, and marine landscapes of great cultural importance.

EU policy for marine biodiversity, including protected areas, is developing in the context of
commitments at global, EU and regional levels. To emphasise the role of MPAs in the integration of
fisheries management and nature conservation, the project will provide important data for Black
Sea.

Further strengthening of the eutrophication (mostly of anthropogenic origin) and technogenic
pollution in the different near shore regions of the Black Sea leads to development of the negative
effects in the coastal ecosystems, i.e. biodiversity degradation, decrease of productivity and self-
purification capacity. Insufficient state of existing knowledge concerning responses of marine
communities to the pollution impacts determines the necessity to develop the relevant
recommendations for evaluating the indicator of bottom communities condition for the practical use
of results in environmental monitoring of the sea shelf. Inventory-making and classification of
meiobenthos diversity in coastal ecosystems is fundamental, taking into consideration present time
challenge of a sustainable environment.

Coastal and marine protected areas (MPAs) are generally recognized as a primary tool for
conservation of the marine environment and biodiversity. At present, over 60 protected areas and
sites are established along the coastline of the Black Sea by riparian states, and additional 40 areas
were suggested for further development. Table 2 shows internationally important Black Sea coastal
wetlands. However, till now, there is no information about identification and suggestion of MPAs
from Turkish Black Sea (Table 2).
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Table 8. Total surface of the Black Sea marine and coastal protected areas by country and
marine protected areas (MPA) per unit shoreline. Source: Black Sea TDA 2007, BSC

Country Protected areas (ha) Sht:;l;rtls shorzllliFr’l/:E:r:);
Marine Coastal Coas!al Total
wetlands terrestrial
Bulgaria 1,160 16,902 115,590 133,652 300 4
Georgia 15,742 0 28,571 44313 310 51
Romania 21,000 339,337 226,008 586,345 225 93
Russia No data No data No data — 475 —
Turkey 0 31,335 3,000 34,335 1,400 0
Ukraine 123,531 92,498 68,658 284,686 1,628 76
;zt:s'i;‘)m" 161,433 480,072 441827 | 1,083,331 4,338 —

Regional assessment of existing coastal and marine protected areas with regard to the
presence of benthic habitats within their boundaries and their relevance to biodiversity conservation.
Basic data on the distribution and abundance of benthic animals could be helpful for evaluation of
those protected areas which are fit benthic monitoring activities.

Marine Protected Areas (MPAs) are increasingly being used as a tool for both marine nature
conservation and the sustainable management of the living resources in our seas. In addition, the
ongoing development of an ecosystem based approach to fisheries management has revealed a
number of objectives shared between marine nature conservation and fisheries management that
may be further integrated through the development of MPAs.

EU policy for marine biodiversity, including protected areas, is developing in the context of
commitments at global, EU and regional levels. At the EU level, EU Heads of State and government
have made a commitment ‘to halt the loss of biodiversity [in the EU] by 2010’. And at the global
level, they have joined some 130 world leaders in making a commitment ‘to significantly reduce the
current rate of biodiversity loss [worldwide] by 2010.” Faced with evidence of the continuing and
even accelerating loss of biodiversity and of critical ecosystem goods and services - as recently
highlighted in the Millennium Ecosystem Assessment - the European Council has repeatedly called for
accelerated efforts to meet these commitments.

The 6th Environmental Action Programme of the European Community identifies ‘nature and
biodiversity’ as one of the priority themes for action.

Objectives and priority areas for action on nature and biodiversity laid down by the European
Parliament and the Council in the 6th Community Action Programme include:

e Establishing the Natura network and implementing the necessary technical and financial
instruments and measures required for its full implementation and for the protection, outside the
Natura 2000 areas, of species protected under the Habitats and Birds Directives (Art 6.2.a. 7th indent)

e Further promote the protection of marine areas, in particular with the Natura 2000

network as well as by other feasible Community means (Art. 6.2.g. 4th indent)
As a contracting party to the Convention on Biological Diversity (CBD) the European Community has
prepared an EU Biodiversity Strategy and Biodiversity Action Plans which aim, inter alia, to integrate
biodiversity considerations into other Community policies. Marine biodiversity issues are addressed
by both the Biodiversity Action Plan (BAP) for Natural Resources, and the BAP-Fisheries. Marine issues
have also been raised in relation to the impact of European fishing fleets in international waters.

Acting on many of the priorities identified in the Message from Malahide, the Commission
adopted in May 2006 a Communication on Halting the Loss of Biodiversity by 2010 — and Beyond [COM
(2006) 216 final], which sets out an ambitious policy approach to halting the loss of biodiversity by
2010. In particular, it provides an EU Action Plan with clear prioritised objectives and actions to
achieve the 2010 target and outlines the respective responsibilities of EU institutions and Member
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States. In coherence with the above process, the first action identified in this EU Biodiversity Action
Plan is to accelerate efforts to finalise the Natura 2000 network. This state: "complete marine
network of Special Protection Areas (SPA) by 2008; adopt lists of Sites of Community Importance (SCI)
by 2008 for marine; designate Special Areas of Conservation (SAC) and establish management
priorities and necessary conservation measures for SACs [by 2012 for marine]; establish similar
management and conservation measures for SPAs [by 2012 for marine]". This Action Plan also specifies
indicators to monitor progress, and a timetable for evaluations.

This Biodiversity Communication has been broadly welcomed by other Community Institutions,
including December 2006 Environment Council, which invited the Commission and Member States to
proceed urgently with implementation of the Biodiversity Action Plan.

The Communication and Action Plan take account of various existing international
commitments relating to marine protected areas.

The Black Sea is a very important fishing region for the riparian countries. Many species of
fish are caught from this region in substantial quantities. The majority of catches is obtained from
its southern part, along the Turkish coasts where anchovy (Engraulis encrasicolus) is the dominant
fish. Annual landings of anchovy are about 250-300 thousand tons by Turkish fishermen alone from
this region, although with the inclusion of unreported values, this figure would be even higher. In
Turkish catch, marine fishery constitutes 80-90% of total fisheries products. Turkish fishing ranks as
27th among world countries. Offshore fishing does not show a noteworthy development in Turkey,
fisheries on a large scale is close to shore, concentrated in the Black Sea.

As a result of eutrophication caused by increased nutrient input via major north-western
rivers during the last few decades, the Black Sea ecosystem has been subject to extreme changes in
recent years. Abnormal changes due to altered nutrient balance were reflected in the qualitative
and quantitative composition of phytoplankton and zooplankton. The increase observed in the
quantity of plankton was probably responsible for the rise of Turkish anchovy catches observed over
the last few decades. However, since 1988, the Black Sea has been invaded by a voracious
zooplankton predator, the ctenophore Mnemiopsis leidyi which was accidentally introduced into this
sea from the northwest Atlantic. This mass occurrence of Mnemiopsis appears to be one of the most
important reasons for the sharp decrease of anchovy and other pelagic fish stocks in the Black Sea.
By October 1997, new ctenophore (Beroe ovata) has appeared in shallow waters of the Black. Species
of genus Beroe almost exclusively feed on other ctenophores and feeding interaction within
ctenophores form an ecological feed-back system which also affects other compartments of the
planktonic community. The data of observatories from the world seas are very important. Besides,
these data provide to commentary on the health of the sea, are also necessary for observation of
long-term changes in climatic variations.

Integrated coastal zone management (ICZM)

Coastal zones have become the most preferable areas in both cultural and economic views
throughout the history and have played important roles in the development of countries by creating
opportunities for societies’ economic and social development.

Sharply increasing world population particularly in coastal zones rapidly destruct the coastal
areas rich in natural wealth.

Coastal areas are areas where complicated and intense activities take place, and are in
interaction with physical, chemical, biological, and various environmental processes. Each activity
has an influence on coastal resources and ecosystem at varying rates because of the dependence
between resources in coastal areas and their use,

Any change in one of the components constituting coastal zone may result in a chain reaction
possible to cause environmental conditions. For the effective management of coastal zones, analysis
and solution of the coastal problems, interactions among the components constituting the coastal
zone should be known, and a model covering pressures on coastal zone, present conditions, cause
and effect relations should be developed.

Coastal cones where numerous resources exist together have undergone an intense use
pressure particularly due to the industrial development. This pressure on coastal areas has caused
intolerable destructions and ecological devastations, survival of which take a long time.

Coastal areas cannot be effectively used in a way to improve the life quality of the society
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as a result of these and similar phenomena. Aware of this, the primary goal of the project is to
develop widespread coastal policies in order not to destruct the natural structure while benefiting
from coastal areas the most efficiently, to present coastal areas in the best way to their own people,
and preserve these areas with unique beauty.

Main Problems to be faced along the Turkish Black Sea Coast listed below (from CoastLearn
- Black Sea (CLBS), 2010-2012).

. Unplanned urban areas owing to the rapid and uneven structuring; uneven structuring on the
natural areas,

. Unlicensed constructed and unaesthetic Secondary houses on our coasts,

. Natural and historical protected areas which cannot be protected due to the rapid
development of tourism,

. Lack of technical and social infrastructure of the activities along the coastal areas,

. Extinction of marine creatures because of the pollution of the sea water,

. Lack of active control over urbanization, sufficient urban services and background in order
to the protect the environment,

. Lack of adequate treatment of the present sewage and exceeding the available capacity of
discharge into the sea,

. Constructing houses and tourism premises compacting made-up ground along the shore,

. Pollution from international transportation ships,

. Pollution from fisheries and fish farms,

. Drill for oil, seabed sweep, mining, pollution from the discharge of the waste waters into
the sea.

Provincial coastal zones in Turkish coastal zones are used for the purpose of:

. Tourism,

. Agricultural areas,

. Houses (settlement area)

. Green zone (recreational area)

. Industrial Area,

. Waste store (water, solid waste)

Needs for Coastal Zone Management

The reasons for these priority problems and their potential effects have been analyzed;
situation analysis regarding the province have been carried out; necessary outputs and evaluation
have been obtained.

It is considered that the region urgently needs a management plan covering items regarding
environmental protection. The priority issues for the province are:

. Waste water discharge into the shore,

. Amount and quality of drinking water,

. Lack of tourism related activities and investments,

. Direction of city development and its reasons,

. The state of economic activities,

. Public participation in the city development,

. Institutional arrangements and the implementation of the laws (from CoastLearn - Black Sea

(CLBS), 2010-2012).

The Specialized Development Scheme for the Black Sea coast determines:

- The total structure of the territory and structure requirements to its development

- The technical infrastructure sites of national and regional significance

- Measures for environmental protection

- The territories and water areas with restrictive development regimes and building

- The territories for performing business activity, etc.

General Development Plans of the municipalities along the Black Sea coast determine:

- The utmost admissible recreational capacity of in-resort settlements, resorts, holiday
settlements and villa zones

- The necessary measures for beach protection, rehabilitation, reclamation and improvement
of the aesthetical qualities of the territories, the measures for protection and reclamation of the
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landscape type and the monuments of cultural and historical inheritance

- The territories and the zones, in which newbuilding is not allowed as well as the expansion
of the boundaries of the actual urbanized territories

- Structure rules and legal acts on building

- The boundaries of coastal beach strip, including the boundaries of zone A and zone B

- Specific requirements, rules and norms for territory structure and the water area, etc.
International Conventions Protecting European Regional Seas

The European Community is party to three International Conventions protecting European
Regional Seas, which responded mainly to a transboundary concern as water pollution and have
developed to regulate other coastal and maritime issues.

In

Convention for the Protection of the Marine Environment in the North-East Atlantic of 1992
further to earlier versions of 1972 and 1974) - the OSPAR Convention (OSPAR),

Convention on the Protection of the Marine Environment in the Baltic Sea Area of 1992
further to the earlier version of 1974) - the Helsinki Convention (HELCOM),

. Convention for the Protection of Marine Environment and the Coastal Region of the
Mediterranean of 1995 (further to the earlier version of 1976) - the Barcelona Convention (UNEP-
MAP). Since the revision of the Barcelona Convention in 1995, coastal areas are at the heart of the
policies put forward to the Contracting Parties of this Convention (CPs). These policies are translated
into many guidelines, recommendations, action plans, and white papers, which are only in fact “soft”
laws, not binding for the States. In order to ensuring more effective application in the field the only
truly viable legal instrument was the adoption of a legally binding regional instrument. In view of this
the Parties of the convention agreed to start a consultation and negotiation process that resulted on
the approval of the ICZM Protocol. The ICZM Protocol is the seventh Protocol in the framework of the
Barcelona Convention and represents a crucial milestone in the history of MAP. It completes the set
of Protocols for the Protection of the Marine Environment and the Coastal Mediterranean Region. It
will allow the Mediterranean countries to better manage and protect their coastal zones, as well as
to deal with the emerging coastal environmental challenges, such as the climate change. This
Protocol is a unique legal instrument on ICZM in the entire international community and could serve
as model for other regional seas. It was signed in Madrid January 2008 and has been ratified by six
contracting parties, namely Albania, the EU, France, Slovenia, Spain and Syria, which is the number
needed to enter into force last December 2010.

For the Black Sea region, one priority of the European Commission is that the Bucharest
Convention the Protection of the Black Sea of 1992 is amended to allow the European Community to
accede (see Communication on Black Sea Synergy, COM(2007) 160 final).

European Union and ICZM

From 1996 to 1999, the Commission operated a Demonstration Programme on ICZM designed
around a series of 35 demonstration projects and 6 thematic studies. This programme was aimed to:
. Provide technical information about sustainable coastal zone management, and
. Stimulate a broad debate among the various actors involved in the planning, management or
use of European coastal zones.

The programme was intended to lead to a consensus regarding the measures necessary in order to
stimulate ICZM in Europe.

In 2000, based on the experiences and outputs of the Demonstration Programme (online at
the EU DG Env website here), the Commission adopted two documents:

e —~ o

—_

. A Communication from the Commission to the Council and the European Parliament on
"Integrated Coastal Zone Management: A Strategy for Europe” (COM/00/547 of 17 Sept. 2000)
. A proposal for a European Parliament and Council Recommendation concerning the

implementation of Integrated Coastal Zone Management in Europe (COM/00/545 of 8 Sept. 2000).
This Recommendation was adopted by Council and Parliament on 30 May 2002. The final text is
available here.

The Communication explains how the Commission will be working to promote ICZM through
the use of Community instruments and programmes. The Recommendation outlines steps which the
Member States should take to develop national strategies for ICZM.
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To support the implementation of the ICZM Recommendation, the Commission facilitates an
expert group, which held its first meeting on 3 October 2002. At the 2nd meeting the expert group
endorsed a guidance report for the national stocktakes, which the Recommendation calls for in its
Chapter Il as the first step for its implementation. The working group on indicators and data
established 2 set of indicators, one aimed to measure progress in ICZM, the other one mesuring
sustainability on the coast.

During 2006 and the beginning of 2007 the Commission reviewed the experience with the
implementation of the EU ICZM Recommendation. The “Commission Communication on the evaluation
of Integrated Coastal Zone Management (ICZM) in Europe, COM(2007)308 final of 7 June 2007”
presents the conclusions of this evaluation exercise et sets out the main policy directions for further
promotion on ICZM in Europe: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52007DC0308:EN:NOT

The Member States national reports, the minutes of the Expert Group meetings and their
results, the EEA state-of-the coast assessment and the external evaluation report which were the
main sources for this Commission Communication can be found at the DG Environment website which
is source of the above information: http://ec.europa.eu/environment/iczm/home.htm

Although the formal reporting and evaluation timeline of the Recommendation ended in 2006,
its evaluation concluded that the substance, approach and principles remained valid. Since its
introduction in 2002, the majority of coastal Member States have developed National Strategies but
the programmatic implementation of ICZM at this level has been very limited. Furthermore, ICZM
now has to work within the context of other EU horizontal policy initiatives which have influence at
the coast viz. the Water Framework Directive (WFD), the Marine Strategy Framework Directive (MSFD)
and the Maritime Policy with tools such as maritime spatial planning.

The main benefits from the Recommendation have been:-

. Raising the awareness of the need for integration and sustainable development in the
coastal zones,

. Limited incorporation of ICZM in national planning and management of the coastal
zones,

. The development of a methodology to allow Member States to measure their progress
in the implementation of ICZM at national, regional and local levels.

. At a governance level, bringing together of different departments and stakeholders
involved with ICZM.

. Better incorporation of environmental issues in an integrated planning process.

. It has failed to stimulate a change at national level in terms of taking ICZM from an

ad hoc project-funded way of thinking into a more programmatic approach with integration at the
centre of coastal planning.

. It has not been fully accepted by a broader range of sectors.

. Largely because of its non-binding nature, ICZM efforts have not been prioritised for
consistent funding. It is still the case that integrated management is considered only when problems
are perceived to be urgent. In the absence of such problems, a sustained engagement in coastal
planning and management of a broader range of actors and stakeholders is rarely achieved.

. Funding for ICZM initiatives is largely project-oriented with a strong dependence on
EU funding programmes (e.g. Life, Interreg).

. Cross-border cooperation remains weak.

. In summary, the ICZM Recommendation was positive and moved the ICZM agenda

forward but it was insufficient to trigger a durable implementation of ICZM. In order to move forward
with a systematic implementation of ICZM a more specific focus is now needed (CoastLearn - Black
Sea (CLBS), 2010-2012).

3.2 Examples Of Good Practice

In 2007, the EU launched the Black Sea Synergy initiative for deeper regional development
cooperation involving Armenia, Azerbaijan, Bulgaria, Georgia, Greece, Romania, the Republic of
Moldova, the Russian Federation, Turkey and Ukraine.

The activity of the Convention for the Protection of the Black Sea against Pollution, also called
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the Bucharest Convention.

With the support of the EU, the Black Sea countries are making good progress in the field of
maritime affairs and the blue economy, with a special focus on marine research and innovation, blue
skills and careers and conservation of the marine environment.

Blue economy - All economic activities related to oceans, seas and coasts.

It covers a wide range of interconnected sectors, both established and developing, such as
aquaculture, fishing, shipbuilding, coastal tourism, offshore oil and gas extraction, maritime
transport, environmental protection, wind and ocean energy and biotechnology.

Strategic Research and Innovation Agenda for 2019 for the Black Sea Joint Maritime Agenda for the
Black Sea in 2019.
CleanSeaNet service

CleanSeaNet is a European oil spill and satellite tracking service that provides assistance to
participating States in the following activities:

« Identification and monitoring of oil pollution on the sea surface;
» Monitoring accidental pollution during emergencies;
« Contributing to the identification of pollutants.

The CleanSeaNet service is based on the regular control of Synthetic Aperture Radar (SAR)
satellite imagery, providing worldwide night and day coverage of maritime areas independent of fog
and cloud cover.

Data from these satellites are processed into images and analyzed for oil spills, vessel
detection and meteorological variables. The information taken includes, among others:

- location of discharge,

- area and length of discharge,

- confidence level of detection;

- supporting information on the potential source of the spill (ie detection of ships and oil and gas
installations).

Optical satellite images can also be purchased on request, depending on the situation and
the needs of the user. When a possible oil spill is detected in European waters, an alert message is
sent to the coastal states. The analyzed images are available to national contact points in real time
and are sent to the national authorities, which then follow up on the alert report.

CleanSeaNet's real-time service capabilities are crucial for a rapid response by coastal states,
as well as to increase the likelihood of catching the polluter.

In the event of accidents or emergencies related to the oil spill, the affected coastal State
may request additional satellite imagery to monitor the spill area over a long period of time, capture
the progress of the spill and support response and recovery operations.

Black Sea Information System (BSIS).

The objective of the Black Sea Information System (BSIS) is to serve in the production of the regional
instrument for the management of information and information relevant for the purposes of the
Bucharest Convention, BS SAP and related policy documents.

The concept, principles and structure, content and use of BSIS will be further developed,
taking into account compatibility and links with international and national databases and information
systems for the Black Sea and those created under the various projects.

The list of databases to which BSIS should be linked and harmonized with if relevant and
possible is set out in Annex 2 to this BSIMAP.

The main data / information sources for BSIS are the following:
« National monitoring programs;
» The regional component of the Black Sea monitoring program;
« Studies and scientific projects;
« Scientific conference for the Black Sea;
« Relevant scientific publications.
The equal review of the information to be uploaded to the BSIS shall be carried out by the
Permanent Secretariat and the Advisory Groups of the Black Sea Commission.

Projects and programs
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The EU Black Sea Cross-Border Cooperation Program is of particular importance for the development
of communities along the Black Sea region. Provides significant support for building local economies.
For the period 2014-2020, EUR 44.13 million has been made available through this program and over
24 key projects have been funded in areas such as business development, environmental protection,
action against climate change and encouraging people-to-people contacts.

TIME SCHEDULE:
The EU's Black Sea Basin cross-border cooperation program blacksea-cbc.net The Black Sea remains
one of the seas hardest hit by human activities in the world. Since 2013, the EU has supported a
project that, among other things, launched an online database on Black Sea water quality, providing
much more detailed information on the state of the sea.
PROJECT: Improving monitoring of the Black Sea environment emblasproject.org
Increasing the standards of safety, security and protection of the marine environment for the Black
and Caspian Seas through a project managed by the European Maritime Safety Agency.
PROJECT: Black Sea and Caspian project www.emsa.europa.eu
Establish a career center in the blue economy that aims to attract young and experienced workers to
fill skills gaps. In this way, the EU-funded project supports activities to increase employment in key
sectors of the blue economy in the region: maritime transport, cruises and water tourism,
aquaculture and offshore oil and gas.
PROJECT: Blue Mediterranean and Black Sea Occupation Center www.bluecareers.org
The Black Sea Growth Facility provides guidance and support to the public authorities and
stakeholders in coastal countries, including the Republic of Moldova, helping them to unlock the
potential of the blue economy.
PROJECT: Facility for Blue Growth in the Black Sea www.blackseablueconomy.eu
The European Copernicus program has run an operational ocean at the Black Sea forecast center since
2016. It is a European public service that supports maritime safety, weather forecasting, marine
resources and coastal environment management.
PROJECT: Black Sea Copernicus Forecast Center marine.copernicus.eu/about-us/about-producers
Supporting inland waterway transport between Central Europe, the Black Sea, the Caspian Sea and
the United Kingdom the Far East by facilitating cooperation between ports, regions and related
associations. Currently, aging infrastructure and inefficient services limit the potential of the water
transport system.
PROJECT: DBS Gateway Region www.interreg-danube.eu/approved-projects/dbs-gateway-region
Providing space for debate, mutual knowledge and cooperation between civil society representatives
from the Black Sea region. This EU-funded project aims to foster regional cooperation between civil
society organizations that support the joint creation of partnerships and projects
PROJECT: Black Sea NGO Forum www.blackseango.org
For MPAs in the Black Sea

The MISIS Project ‘MSFD Guiding Improvements in the Black Sea Integrated Monitoring System
(EC DG Env. Project MISIS: No. 07.020400/2012/616044/SUB/D2) is financed by EC as an activity
under the EC DG Env. Programme ‘Preparatory action - Environmental monitoring of the Black Sea
Basin and a common European framework programme for development of the Black Sea region/Black
Sea and Mediterranean 2011. MISIS is an integral part of the overall ongoing process of harmonization
of policies in the Black Sea region in the field of environment protection, taking into consideration
relevant European aqua. Purpose of the report is to trace the progress in the beneficiary states
toward the marine areas protection and the Biodiversity and Landscape Conservation Protocol
enforcement and in this context to specifically review the level of designation in each beneficiary
country of MPAs, the management plans in place and the effectiveness of their implementation,
including legal, policy and technical aspects of planning transboundary areas in the Black Sea for
designation as protected. All three countries have established protected areas in marine part, the
categories of protection being quite similar. The process of designing protected areas has been
carried out mostly in the frame of Natura 2000 in Bulgaria and Romania and Emerald Network and
RAMSAR Convention in Turkey. Bulgaria already has an overall of 15 marine protected areas, which
comprise parts of both marine and terrestrial environment. Currently, several are being in the process
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of extension (6 sites) while proposals for 3 new sites have been elaborated. Romania has 2 marine
protected areas, the greatest being the marine part of Danube Delta Biosphere, which also have a
management plan in place, 8 sites under Habitat Directive and one under Birds Directive. Turkey
proposed 6 RAMSAR sites and deltas on the coast of Black Sea. Despite the availability of best
practices in nature conservation governance worldwide and of numerous guidelines for protected
areas management, incorporating them into national law and policy remains a challenge. MISIS
project assesses the MPAs-related legislation and policies in Bulgaria, Romania and Turkey. The ‘gaps’
identified include areas where legislation and policy are missing. Furthermore, the mismatches
between the written law/policy and what is being applied in practice by local people are also
discussed. It is demonstrated that compliance with acting law and policy requires better control and
development of economic incentives.

Source: Begun T., Muresan M., Zaharia T., Dencheva K., Sezgin M., Bat L., Velikova V., 2012.
Conservation and Protection of the Black Sea Biodiversity. Review of the existing and planned
protected areas in the Black Sea (Bulgaria, Romania, Turkey) with a special focus on possible
deficiencies regarding law enforcement and implementation of management plans. EC DG Env. MISIS
Project Deliverables. www.misisproject.eu

The MISIS project has proposed among others to deal with the challenge required by the
process of establishment of the Transboundary Protected Areas Strandzha - Igneada situated at the
border between Bulgaria and Turkey. The study concluded that the ecological complexity of the
marine environment represented by Strandzha - Igneada area could only be maintained by
implementing common conservation measures, which would enhance the long - term existence and
evolution in benefice of nature and human. The premises for designation of Transboundary Marine
Protected Area Strandzha - Igneada are fully achieved from the ecological point of view, the
connectivity between the two countries being demonstrated by the existence of species and habitats
of conservation importance in both areas which depend of each other spatially and functional. The
breeding and migration corridors passing through the areas are essential for surviving of fish,
crustaceans, mammals and birds inhabiting here.

Source: Teaca A., Muresan M., Todorova V., Begun T., Dencheva K., Moncheva S., Slabakova
N., Shtereva G., Doncheva V., Panayotova M., Seghedi A., Sezgin M., Urkmez D., Bat L., Sahin F.,
Filimon A., 2014. STATE OF THE ENVIRONMENT OF THE STRANDZHA - IGNEADA AREA. EC DG Env. MISIS
Project Deliverables, pp.158.

Recently, more effort is being spent to increase the number of MPAs as well as to enhance
the networking of existing ones in the Black Sea as mentioned in the Strategic Action Plan adopted
in 2007 by the Black Sea Commission within the framework of the Bucharest Convention to which all
Black Sea coastal countries are signatory. Coupled with this, the EU-FP7 project, C°CoNet (Towards
COast to COast NETworks of marine protected areas - from the shore to the high and deep sea,
coupled with sea-based wind energy potential), is dedicated towards this aim. Four Turkish partners
(Istanbul University - Faculty of Fisheries (IU-FF); Sinop University - Faculty of Fisheries (SNU-FF),
Middle East Technical University (METU) - Institute of Marine Sciences (IMS) and METU - The Ocean
Engineering Research Center (OERC)) are members of the consortium, involved in various tasks in the
project, including the identification of potential MPAs in the western Turkish Black Sea. Recently,
the Turkish Ministry of Forestry and Water Affairs has also started gathering information on the
potential MPA sites and several universities have submitted their proposals to the Ministry. This paper
aims to propose some of the potential marine protected areas which can be designated in the Turkish
Black Sea as well as to provide background information to the decision makers and stakeholders for
the protection of the Black Sea marine biodiversity, based on published papers, grey literature
(reports of projects, expeditions and meetings), interviews with fishermen and local people in the
targeted areas on the Turkish coast of the Black Sea (Oztiirk et al. 2013).

Oztiirk et al. (2013) proposed for MPA designation in the Turkish Black Sea covering a total
surface area of 1189.9 km?, comprising only 2 % of the Turkish territorial water in the Black Sea (see
Table 3). The largest site proposed is that from Sile to Kefken with the smallest being the Mezgit
Reef (Figure 6).

79

. ©


http://www.misisproject.eu/

4 Spin'tBSBOnIine Black $ea

uuuuuuuuuuu

Project funded by
EUROPEAN UNION

Zones  Areas Surface area (km’)
Zone 1  Igneada 143
Zone 2  Sile - Kefken 366
Zone 3  Doganyurt 37.4
Zone 4  Kizilrmak and Yesilirmak 642
Zone 5  Mezgit Reef 1.5
Total 1189.9

Table 9. Surface areas of the proposed MPA’s in the Turkish Black Sea (Oztiirk et al., 2013)

For Integrated coastal zone management (ICZM) in the Black Sea

CoastlLearn - Black Sea (CLBS) project aimed at developing the inventory of physical structure
of the coastal zone of Sinop, Varna, and Constanta, which are of utmost importance in views of
tourism, and located in the coastal zone in the stated countries, and determining the destructed
areas and polluting components in the coastal zone in order to determine the general state of the
coastal zone. In the project, the needs of Sinop (Turkey), Varna (Bulgaria) and Constantza (Romania)
stated.

Source: CoastLearn - Black Sea (CLBS) (2010-2012) (Karadeniz Bitunlesik Kiy1 Alanlan
Yonetimi)- Leonardo Da Vinci Lifelearning Programme- project number 2010-1-TR1-LEO05-16745
(irtibat / Contact Person: Prof. Dr. Levent Bat, akademik koordinator / academic coordinator).

Conclusions

Sources of the Black Sea's pollution problems are various (Mironescu, 2008). Polikarpov et al.
(2004) stressed in elaboration the main sources of anthropogenic influence on ecosystem of the Black
Sea. They are 1) from rivers by way of reduction of freshwater outflows, input of inorganic and
organic matters, toxicants; 2) from agriculture, input of fertilizing, pesticides, fragments of soil; 3)
from industry, mainly input of heavy metals, detergents, oil; 4) from settlements, input of
wastewater, detergents, oil, pathogenic microorganisms; 5) from atmospheric fallout, input of dust,
mercury, lead, nitrates, phosphorus; 6) by navigation, input of oil, exotic species, sound pollution;
7) via ports, contamination of water, recess of bottom, dumping; 8) fishery, damage to and
destruction of benthic ecosystems; over catching of biological sources; 9) output of mineral sources;
10) beaches, change of conditions, creation of dead regions; 11) recreation and tourism, microbial
pollution of coastal water, litter of coastal zone; 12) via Chernobyl Nuclear Power Plants area is land-
based source of radionuclides chronic pollution of the Black Sea through the Pripyat River and the
Dnieper River.

Marine litter and plastics are seen as one of the most important pollution today. Especially
in recent years, the Black Sea has been adversely affected by uncontrolled fishing and shipping
activities, mineral enterprises, toxic wastes, domestic wastes of cities on the Black Sea coast, and
pollutants coming through rivers (Visne and Bat 2015). All these people living in the Black Sea basin
with a total population of around 162 million affect the Black Sea as a result of their daily activities
and contribute greatly to the land-based marine litter problem encountered in the region (BSC, 2007).
Ship traffic in the Black Sea, illegal and uncontrolled fishing, fishing gears snagged, torn or generally
lost in the sea also cause marine originated marine litter problem (Visne and Bat 2015).

Human activities are the source of many marine litter, intentionally or accidentally. Point-
source pollution information, including riparian inflow and sewage drainage to rivers and coastal
environments, can be useful in understanding the extent to which certain ecosystems are affected
(Lusher, 2015). Solid wastes generated as a result of the activities of people in cities on the Black
Sea coast can also mix into the marine environment.

Fishing activities in coastal areas and shipping traffic in the Black Sea are also among the
pollutant sources of the Black Sea. Studies have reported that fishery-related wastes are encountered
quite frequently, especially during the peak fishing season (Terzi and Seyhan 2017; Oztekin et al.,
2020).
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Considering the effects of currents and winds on the distribution of litter, it is thought that
the current system in the Black Sea region will affect the microplastic distribution. The upper layer
waters of the Black Sea are defined by common cyclonic and strong time-dependent cyclones
spreading into the basin (Oguz et al., 1995). The main Black Sea current located on the continental
slope and two large-scale cyclonic eddies in the eastern and western parts of the sea; Batumi,
Sevastopol, Caucasian, Sakarya, Sinop, etc. There are semi-stationary anti-cyclonic eddies in coastal
regions such as (lvanov and Belokopytov 2013). These currents are very effective in the distribution
of litter (Oztekin and Bat 2017). In studies conducted both in the countries with coasts to the Black
Sea, wastes of neighbouring countries are encountered on the beaches and sea floors (Topcu et al.,
2013; Anton et al., 2013; Oztekin et al., 2020).

Many protocols and agreements have been signed by the countries located on the coast of
the Black Sea to protect the Black Sea against pollution (related to the reduction and management
of the marine litter problem). These; The Convention on the Protection of the Black Sea Against
Pollution-Bucharest Convention, International Convention on the Prevention of Pollution of the Seas
from Ships-MARPOL 73/78, Basel Convention on the Transboundary Transport and Disposal of
Hazardous Wastes, Protection of the Black Sea Environment Against Land-Based Pollution (LBS)
Protocol, Protocol on Cooperation to Combat Oil and Other Hazardous Materials in Extraordinary
Situations (Visne and Bat, 2015).

Scientific studies on the Black Sea coast have gained momentum in recent years (Bat et al.,
2017; see also Figure 10). When the studies conducted are categorized according to the research
areas of the studies; on coastal litter (Topcu et al., 2013; Terzi and Seyhan 2017; Oztekin et al.,
2020); floating litter (Birkun and Krivokhizhin, 2006; Suaria et al., 2015); sea floor litter (Topcu and
Oztiirk 2010; loakeimidis et al., 2014; Moncheva et al., 2015; Oztekin & Bat 2017a); and micro-litter
(Aytan et al., 2016; Oztekin & Bat 2017b, Mukhanov et al., 2019).

The results of the studies show that in general, every region studied is polluted by large
amounts of marine litter (Bat et al., 2017). In general, plastic has been the most common type of
material in all studied regions.

r Oztekin and Bat 2017
cafloor tter by traw! in Turkish

seafloor litter- Terzi and Seyhan 2013
Investigation of seafloor litter by traw in urkish

Figure 20. Studies on marine litter and microplastics in the Black Sea
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As a result of man's activities, marine habitats have been altered both below low water mark
and higher up the shore. Such changes may allow a few adaptable species to thrive, but they often
tend to reduce the natural diversity of species. In recent years, marine pollutants have been
responsible for major impacts on life in coastal waters, as exemplified on the previous spread. The
sophistication of fishing techniques, including the use of sonar devices to locate fish shoals
accurately, has led to the over-fishing of commercial species. Other major areas in which man's
impact has had effects on marine life have resulted from building coastal structures, dredging the
sea bed, introducing alien species, and pressure from seaside visitors.

In harbours, there is usually an increase in the pollution level, which will restrict the range
of species, but those organisms that are able to withstand the pollutants can abound. The best
solution to the problem of hazardous wastes lies in reducing their production.

Only two European Union Member States, Bulgaria and Romania, fish in the Black Sea. These
are also the only Member States which have direct access to this basin. Turkey like industrialized
European Union nations is attempting to develop comprehensive rules and regulations regarding the
use, storage and disposal of chemical wastes. The act of the European Community in developing
environmental regulation has focused the advices of pollution control and decision makers on the
need for, and the evidence to support, Marine Strategy Framework Directive. This is particularly so
for the Dangerous Substances Directive which has led to European standards for contaminants
including heavy metals. Turkey has also published standards for pollutants.

However, it can be seen that there is no any considerable pollution in the Turkish Black Sea
coasts. The present lack of comparable data on the Black Sea coast countries would reach it
unfeasible to evaluate future trends in pollution or to adequately save ecosystems and human health.
Even available data, they outcome from different investigations using methodologies are not inter-
comparable. It is concluded that this status is important and warrants urgent action. Therefore, the
Riparian countries should cooperate with each other for the protection of the Black Sea. Serious
sanctions and deterrent punishments should be given against the polluters of the Black Sea.
Permanent measures against pollution should be taken and solutions should be produced.

Solutions and Recommendations.

Solutions to the Black Sea’s environmental problems demand that uniform strict rules be
adopted by each country of the Black Sea coasts. The regulations should also cover those countries
which influence the Black Sea environment through the rivers. Sustainable development of the Black
Sea requires continued international co-operation. Environmental problems demand that uniform
strict rules be adopted by each country. It means that the regulations should also cover those
countries which influence the Black Sea environment through the rivers, mainly Danube, Dnieper and
Dniester and another land-based pollution sources. Different types of pollutants in domestic and/or
industrial discharges have different effects on human health and ecosystems at the point of discharge
and in the surrounding environment. This surrounding environment may be very large and may extend
beyond international borders. The risks increase proportionally with the quantity of the wastewater
and concentration of the pollutant. Turkey is a developing country where industrial and urban
development’s mostly occur in coastal areas through increased input of wastes impose a further stress
on the Turkish coasts of Black Sea. The application of the agreements requires that each country
which has a coast to the Black Sea, concerned creates an environmental policy (Bat and Ozkan, 2019).

Future Research Directions
Harmonization of legislation and standards, preparation of effluent discharge inventories and
mapping of major pollution sources and establishment of water monitoring programmes. These
components are stated in the activities of the Black Sea Environmental Programme but the legislative
frame for their realization still does not exist in all countries in the region (Bat et al., 2009).
Appendix 1 gives the Black Sea environment related projects. These projects have
contributed a lot to the Black Sea projects and they continue to do so.
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Appendix 1. The Black Sea environment related projects after 2000 (modified from The European
environment state and outlook 2015).

Period | Acronym Title/Topic | Fund
2000- - Will the new invader | NATO Scientific Affairs Linkage Grant EST.
2003 Ctenophore Beroe ovata | CLG. 976805
control the structure of
plankton community in
the Black Sea?
2002- Monitoring  of  basic | DPT, 2002K120500 (TAP-S013)
2005 pelagic ecosystem
Parameters in  the
Central Black Sea
2005- Bioindicators for | NATO ESP. NUKR. CLG. 981783
2008 Assessment of the Black
Sea Ecosystem Recovery
2003- | ARENA A Regional Capacity | EU (EVK3-CT-2002-80011)
2006 Building and Networking
Programme to Upgrade
Monitoring and
Forecasting Activity in
the Black Sea Basin
2005- | ASCABOS A Supporting | EU (518063-1)
2008 Programme for Capacity
Building in the Black Sea
Region towards
Operational Status of
Oceanographic Services
2005- BLACK SEA | Black Sea Scientific | EU (022868)
2008 SCENE Network
2009- UP-GRADE Up-Grade Black Sea | EU (226592)
2012 BS-SCENE Scientific Network
2009- MONINFO Environmental EU
2010 Monitoring of the Black
Sea Basin: Monitoring
and Information Systems
for Reducing Oil
Pollution
2010- CLBS Coast-Learn - Black Sea | Leonardo Da Vinci Life-learning
2012 Programme(2010-1-TR1- -16745)
2009- EnviroGRIDS | Building Capacity for a | UNEP-ICPDR
2013 Black Sea Catchment
Observation and
Assessment System
supporting Sustainable
Development and
contributing to GEOSS
2009- MSFD Support to the Black Sea | EU
2014 Project Commission for
harmonization with the
EC Marine Strategy
Framework Directive
2010- PEGASO Integrated Coastal Zone | EU
2014 Project Management (ICZM)
2010- SEA-ERA Integrated Marine | EU-ERA-NET Scheme
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2014

Research Strategy and
Programmes

2011-
2014

CREAM

Ecosystem approach to
Fisheries, management
advice in the
Mediterranean and
Black Sea

EU

2012-
2016

C°CoNet

Towards COast to COast
NETworks of marine
protected areas (from
the shore to the high
and deep sea), coupled
with sea-based wind
energy potential

EU (287844)

2012-
2015

PERSEUS

Assessing  the  dual
impact of human
activities and natural
pressures on the
Mediterranean and
Black Seas

EU (287600)

2012-
2015

MISIS

MSFD (Marine Strategy
Framework Directive)
Guiding Improvements
in the Black Sea
Integrated  Monitoring
System

EU Ministries of Environment in selected

countries

2013-
2014

EMBLAS

Improving
Environmental
Monitoring in the Black
Sea and strengthen the
capacities of Georgia,
Russian Federation,
Ukraine for biological
and chemical
monitoring of water
quality in the Black Sea,
in line with EU water
related legislation

United Nations Development Programme
(UNDP) and the joint EC/UNDP Project

2015-
2016

Status of Sinop Sarikum
Lagoon Marine Litter
Under the Scope of
Marine Strategy
Framework Directive: A
Case Study

TUBITAK CAYDAG-115Y002

2013-
2015

Heavy metal levels in
fish, invertebrates,
zooplankton, sea grass
and sediment from
Sinop coasts of the Black
Sea

Sinop University SUF-901-12-02

2016-

Using dominant

Sinop University SUF-1901-15-08
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2017 macroalgae and
seagrass in Sinop
coastline of the Black
Sea as bio-monitor for
determination of heavy
metal pollution

2019- - Investigation of Marine | Sinop University SUF-1901-18-48
2020 Litter Pollution in Sinop
Coast of the Black Sea

2018- ANEMONE Assessing the | EU Black Sea Borders Cooperation
vulnerability of the
Black Sea marine
ecosystem to human
pressures
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$0bs9gds6g 6586OMT0L F0Bb0s, T30 BOZz0L s9Bol Flobgd 4oMgdmlisE30mM0
069030635300l F9acmmgzqds s 08 3MHMdGTGOoLs 09 LEFOMMIOJOOL 250339009, MMIgEms [obsdgs
L 5955850 030 BO3s.

3530 BO30L A9BLOIMMGONME BEYMTMIMBISL 45B30MMBdJOL RodEMMmYPIOL Moo
09996000, MMIgdog yzgwsbg 3608369¢mz5605 ©sdOBIMMIDs, Mg Lsdmemm 0f393L brgzol
9300009900 FMToMgMdOL 4owotgligdsl. Bobgg®o Bs39G0wo BL30L gmamexommo
306000dg0o0L 459Mm, Fglsdsdolo, 9530 B30l 300MMEIMYOWE LobEYIsdo 89ds35¢0 s Fodmdsgseo
9900 306005306 4530gbsl sbgbgb B30l Fyerol mMm3z0LgdgdLs s BoMOLLBY. s0Lsbodbsg0s, Brrd
3530 B30L 57)Hol Esd0BIMMGBOL, A3BLEIMPOGO0? 30 39MGH0ISWMMO OBIBOL Bs3ErgdMdOL QsdMm (
3530 B30l 9B0 2o05F0dwos 800,000 30 2 - Bg s FmoEe3L 396GH®CWHO s SMTMLIZEGm
936m30L o bsfols), 150-200 3 Low®d)BY 0gdbgds Fywol MbsMmTsboto dmErEmds, H2S dsmswo
30b39bGHMo3000m.

23998356M00MgdMwo 59H0Esh Fgdmdsgzo¢ro fyagdol sdobdm®mgdol boMobbo wamm 99@o©
0DMEGOs 9MHYLOYMIEo 5GobOL 30MHMBYPIOL Ty, MG JIsGJds ©OEO FoMOE0sbMmdOl
3993390 1Yo¢dmBoMogqds bdgemsdms Bm30sb, dmbgm®mol LOHMEHOL 493Wom. i 93MEMYOYOHO
»00380% 49MHgdmb v9ddbol MbsMTobo MOLIL, GMIOL EsTBYMI39o Fgrgagdol 3OmABmbBoMIdS
00535000 do0b MMEos. 439wsby 8608369wmz560 Mbolidogds, MMIwol gobbmMEogergdss
39150 gdGW0s 5T GO 30006 J05T0, d0bIMMIdOL I60d3bgcmzsb0 FadE0MGdss. IBOBAGMYdOL
0005356 9ol 30 FoMmTMogbl LEBOIsm BHEBL3MOEHOLS s 3MOEJOOL 9Ju3EYsBIE0d, 930039
0xdn6Ome  Dmbsdo  dbgdMo30 S0l GHMBLEMOEGHMIOOL  TgI©  FBbMOEF0gWGRdMo
93Mbm3031M0 LogddosbMds. y39wsBy o s 36033690M396 3BIMBEGTSL Ho®TMoygbl dsgo Brzol
FoOomm  dobsmol smBdo 93mbmBozmemo  bogdosbmdol dggas FoMdmddbowo sd0bdMmgds,
HmIgeog dmoEogl 803 BLgsdo Bsdobatrg obgo dobs@gadls s 99bs3zoadl, MMyMMmoEss Lo,
©bgbBH®o, bg3M0, mbo, ymdsbo, Hombo.

050396 y39e5Hg ©0© 93MmMmA0m® LogOHmbgl 9903936 Y HoMTsboMo dmEwmemdol ddmby
00006569 ©bs0, H™IgEog 93m™m3oL 17 J399bol BHgMoGHMMm00Esb 120 08300m0 Labgmdolb fyswl
336390, dterm EOHMIEY, MBS0 0gm (396GIWMEO 93MM30L [yrrgdol 890aMHM3909¢0 JOMOMSWO
56Mbo, 05953 39b530MMds Fo30 BL30L 93MEMR0MHo IEYMT>MIMOOL oMo ForeMgligds, Mmd ogo
90530L 39ML3gdBH030L sMJmbg - "833096 BL3s" 0dbs FoRbgMwo. 535505, T30 bBO3oL30MS
9439w 9399460l BoOmwemmdoms o 4oblLogmmmado  dogrobbdggom, @bsol  g3meEma0Mo
0MAoMMds 4owgdx MmdILYdLIE0s, T3S IOAIBOE0s, MMT T30 BLZ0L JmEr0sbo sdOEIMGMIdOL,
ssbenmgdom 30%, gdEg LEmGgE EBI0BY dmob.

oMo dymdsmgmdsy dobsmg ©bgbGghbgs, OGmAgog dmerm3zsl  MgbdMdEO3oL
3900GHMM05bg BBy  Fyagdl  saMm3zqdl.  dmermasdo  Bsdobsmg  fyargdol  4sd(dgboo
Bo290Mdgdol  8aMToMmgmds  d98s38Mmmadw0s, Fomo MIgEILMds 99863090, MOl odms
LsAMYH39e™ s MEVBMo BsBEObsMY fywgdo B3 Bw3sd0 ©FTs3900L goM9dg bgwgds.

3530 B30l sd0bIMMAVOLYD o33 B WY30LOML sG> TbMEIME 53 BZOL IMLSBEZMY
93996900, 50509 Yz39s 08 J3ggebsl, MMdgwrog 9530 HBO30L 5B LEMYIOEIMBL. 2o53BMdOYHIL B
50 B30l ©sd0bdMMmIBOL LogMmbyg, 8530 BL30L s9Hol J3gybgdds (Gydobgmo, dmwysdgmo,
Hbgmo, 3M00b6s, Lods@mzgem s 0edgmo) 1986 Fgwl Boswfogl Ggmsebbdgdsls dsgo bwgol
93MMmR0Ho  damdsMgmdol  gomdxmdgligdols s 330l  LsgMmsMEOLM  bgwdg3MeErgdols
Q©IOIPOL 530 PWMdOL  Fglobgd. 1992 Fgwlb  deyde@gbBndo bgwo dmgfgds Bsgo  bogol
©500637Mgd0LAE o330 3Mb39BE0L (Lobgwfim©gdom "dvyde@aliGol 3mbzgbios”).

0doMHgb GOl 3mb3g6(300L bgwdmfigmol yzguwsbg 960dzbgarmgzsbo g0 Fowrsm dsgo
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D30L  39M50mbE330000  3GMyMedol (PMMN)  @so®lgds  3eomdoew®o  45Mmgdmbis330mo
5fgLgdMEgdol dogh, 999390 LogMHmMoTmMmObm MMYBOBE0gd0L, oo TmEol, bmgEwom dsb3ol,
239960mb 25630050900 3MMyMsdols s UNEP- ol 3s®@bomMmdoo.
PMMN- ol ™60 30600 Lgdosbmdsl Fo®mdmawygbl:
6 939960l Boge “8530 BLZ0L LEMOBHIR0Mo Ladmddgm ggadol” dowgds;
Q500b6dMM9d0LYsb Fo30 B30l o330l dmdogo Lodogbml dgJdbs.
31939, 030 SbMM309gdL obgm LoddosbmdgdL, MmymMoEss:
- 500bdMEmadoL igotmgdol oygbs s domo 89gagd0l Gga3oligds;
0003M5350RIMOM36900L, 1093HoL 3330980l ImbodmMobyo;
Lobs30MM Bmbol 0bEgaM0MmgdMwo JsMmm3s;
LoBO3 BHEOBLIMOEHOL 3569dmbg BgdmJdggds s MLIRMMbMgdOL gergdgb@gdo.

Ls3mddgm LEAMOGIROML 3930oL bagwo Imgfgms 1996 ol 31 md@GHmIdgML. 53539 gL, 31
md@®IdGH0  ,8530 D30l LogMmsdmOOLbm I  FodmEboEs.  BMJemguBHoL  3Mmbggbiool

3595, bgeo dmgfg®s “8e0bsMy Mbsol 330l Logmmsdm®molim 3mbgzgbiosl”, Mmdgumos
d0Bbs 0lobogl 8s30 B30l oE39L. 00 36396300l JoBsbo 0bstg MBsol sdOEIMMIdOLS s
MoMYMBomo  gogengbol  89domgdss,  MmIwol  dgxsdgdsg  bgds  Gogo  Brzol  Ggaombdo
396bmOE0ggd Mo Lbgsslbgs  bmdol  bywdg3eegdgdol, 3MmaMmadgdols ©s  3Mmgd@gdol
2300300039000 s JOHM3bMwo s LOYOMFMGOLbM IR0BBLYdMGdOL Toge FobbmMogEgd o
0b3q9LBoEogdol  dmdogdom.  g39wsdg  3608369cmzgsbo  Mmboldogds  ogm  Lobgwdfogm
bgolnwgdol,  Lsdmdsodm  Lobmasmgdol  mMasboBogogdols  ©s  3gMdm  LydEmOmob
9mbsffoergmdol  odBHomeo  hsMm3zs  Mgrombommo s LygMMITMEOLm  3sOEboMMMdOL
296300056090580. 1999 gl 8904dbs 5610l0mMSZ3MMDM MGYI6OBE0gdOL Jugeo Bsgo Bwzol Hgaombio.
3609dBHoL 0bsbo, Mdobgwr, MO s JoOHM3gEr 35MGHOMBIOL Mol Togz0 b3zl sBTo
068m6O3o300l  gaMm39gd0l  5MHYoo 5sbsfoergdmmos. 39Mdm, Mmdobgwo 3sMGHBomGolomzol
39699mbS3E30000 0bxMMTs300L  Tga™m3gdoL Lyghms Mdobgmo s ImeE™3sl MHIL3MBE0I;
0MOJo  35OGHB0MMGOoLm30L 4963 Mmzbomo  g3mEmyom®o  0bxgmMTszool  FgaMmazgdol  Lyghms
007900, LsdgMIbYO, dMWRSMINO s ©)3M00bs; JsMI3910 3oOEHBOMOOLMZOL 30 J3MEMYOMIGO
0636 dog00olL gamm3z9d0L LEgMm Lods®mzgwm s Lrdbgmos.

BobsBo 1. g0 Bz0olL s1BTo 0bgxgm®mIs300L Fgacmmggdol sGgsgro.
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530 |

056539060Mm39 93MmMyoM®o BEBHIGMLOL, 35dmfizgzgdols s
13930530308 BMas©O S139dHJoo

1.1 3530 B30l 599Bob 3930583039

9530 BE3s  Yzgwsbg obmmomgpRdmwo  bBezss Jbmxywomdo, MmIgwog  WbogswrmEo
309090000 2o00MBg3s. 0 I YdsMIMIL 40055 ‘s 46042 N 4Mdgols o 27027 ‘s 41042 3560l

30mOEO0bsGHOL  dmMol. oLEMOMoolL dobdowrby, Fogo BM3s BOMEWMYPONMHO O  GIMEMYOYOHO
0350LsBOOLOm, JM-9M0 439Dy  3OMEIGHOME  LEBEZIMm  93mbOLEYIL  PoMImoybs
dbmgmomdo (Bat et al., 2011 ). 1. gzgwobg MAdzggbo 3MEbso LEbIMBdGBO 33H3EIOS DIEO
0500Eoobmdol  fyegddo. 2. dMMOW-sBHWBGH0INO0  HJ0330900: 3030  brggdol;mgzol
535bsL0sMYOG0, BP3oL ©MTs THYadTdo Ibmzmgdo Fyeol Lobgmdgdo. 3. bdgeomsdrys BwzoL
Lobgmdgd0: gl 530 BEZ0L Bombol Y39ty Fowoe MobsRsMEMBsL FoMdmowagbl s dorerosbo
gobol 80% -U 89oaqbl. dg@BHgbemds mdOEr, FoMowosd fywwgdl s3xmdobIdL s bwzol By
33069930 a3b3gds. 4. 333660 ol Lobgmds: F9dmeol dobo®ol Bsdmbogbom ©s B3gmwgd®og
33b3900 B30l Pysedo 8obsmol sgduodowry®o Rsdmbogbol MMUL. 5. vEbm Lobgmdgdo: wiEbm
0560HIOMEHJOOL  ©IEAIPOWO 334930900, MMIgdoa dgdmbmeos bbgsslbgs abom. LsBrzsm
930LoLEYIGOOL LEHMMJGHMES FgBMdYo bIGEMsdrgs BE30LIY6 Foblbgsgzgdmos, Moysb dslido
A9EOWGO00 IS LobgmdMog0 x089d0 (bTgEmsdrys BM30Ly s 530 BPZOL MobsggsMEOMds
LobgMdgd0L LOAOMOM 1sdos) s MB0bIBEO XyMBYdO. I3, T30 B30l JNE0sbo doMTsLS
©5 3OMEMJGHOMWMIS FOEFOWJOOm FoWOOS.

8530 B3y @iLOgwgmom  9gdmbsbEgzmMMwos  dMERMgoms ©s  MHdobgmom
BOowmgmom - M3Gsoboms s OHMLgmom,  s©ImLsgEgmol  bMOEL  LodoMmzgermmo o
LsdbGgmMOol FBGHOWB - MG Jgmom (LwyGsmo 2).

GEORGIA

TURKEY

Q050535 2. 8530 BO3s s B0dEgdstg 3946900 (Bat et al., 2009).

090 39569900 ©353006HJds BIYEmsdms HBLZ0L 493w0m - dMLABMMOL, MmEIBIOLs @
2300650 EMOL LOHEIGOOM, sHBMZOL BE3LME 30 - BOHOEM-503mbsgegmom - Jgbol LEwMEOL
393Wom. ©OEO §Yo¢0dqd30g00 59Hol 9sdm, Tsgo Bzl 93mboLE s doosb dy@abmdostmgs
LsAMYH39e™ S LogmBobmgzcgdm Bgdmgdggdol dodsmm s Tobo 93MEWMAOGMO JERMISOIMOS
565065 9Ol ©sdM30JPYo Jobo LsbsdoMHmby 0¥y dmBmMgdom dEgdstg Lobgerdformgdby.
3530 B30l sbol  M3956maMx305%g 935360 FmJdgogdl dobsMgadoEsb 3E3bsmo  fywrol
990m@0bgds, 5GHIMLEBGOMo BOLOMYDS, 0gMIM3seobol BogBHMMId0, LEOHMEOL bs3sEIdo ©
AHM3M05305. 8530 BO30L §yoedgdzmgdo smbol GoMmmdo 2 dowomb 33. 30-Bg 89BH0s, Mg,
000@00bo@ 96 BoffoemdMmog, 23 J3994sbsl ImoEegh. do®momso dEobstgadol 4e3wgbs Togo bzol
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§9oe89336090 9MmBgdBg Fgufogerowos 17 Lobgedfogmlb dogm, qugbos:  5edBgmo, s3LEHMOS,
09mOno, dmLbos s 39MEMmym30bs, bmMzsdos, bgbgmo, agMdsbos, MbyGgmo, odswos,
0539000605, dmE@m3gs, 8mbEgbgatm, d3mwmbymo, Ligrmgzs39m0, LgMdIMO, LErmggbos s 839035005
(LyBsmo 2).

Germany Poland

o

S Munich'
o

Czech Republic
Switzerlanjd 3™ Slovakia
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Q0536535 3. 8530 BO30L MHga0mbols ¢35 (50989905 dMGMOLMZEL ©s Ubg., 2005 §.)

39005690000 OO BYP30MHOL s Fyarol dmEMemdol (537,000 3v90. 38 ) dorbgosgzo, 30
B30l Mm@ mbgwo HBgEsdoMmwo Bgbs MHBOHMb3gEymal 9335Mm0mEGME 3bmgMgdsl. Hywol
3sbs 150-s6 200 9-By 9390mm Bm3engdwge0s Fobadol, Mol godma 8s30 Bmgzs Fywol woql
3bmgdlomE 5B 5G0L J3gero Asmyeromdo. sbgmo 30MmMdYB0, HMIYLE 30WI3 IBOM SOl
b39053015H030830609000 Yol FgHBOMEMEo 45330, 853 B3 SBOM3MYgbrmo g539dEHoLAS
300099MHgLO® 339l bOoL. Fs30 B30L oL3M0Z A9BMgLGdWWs BgIgBOE ToMowosbo
J390s 8965, GMIgwog Lomaggl 0mgdl HIGeMsdw)s BEZoL §Ywgdowb, bolinsm@gds dsgosb bywo
dmdO5Mmd0m s 9903936 FYodool Lwargol, sl o6 543b 93395M0MmEMEo Hrgol Logmabang
(Ly@omo  3). 830 Bozol ©ssbwmgdom 87% dmwosbs  sbmdbowMos ©s 8gogegh oo
5m©9bmdom  Fyoedool bwgob (bsoggzo ©s 3585930, 1997), blbos GHMJLogMG 06U,
39003 G0MH0M I 3350 339MEbOL bLbmb Sbmiotogds (Mee, 2005).

Bosphorus strait Kerch strait
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bMEOS0 4. §945ds©OL Lwyer0EOL BMbol 3HMBoEo Tog Bgzsdo (BsoEg30 s dsdsggo, 1997).

9363530 LoEOEOM dgmMy, glady s Igmoby dE0bsMmYgdo (MBS0, BI3MO s Mmbo) dsgo
b30396 309060056, dMLBMEOL 593l MEOLLGIHMM0sBO Bo3so, 8rsd0bsMgm0sb Jggws Bgbols
239LF3M03 ©bEMmgdom 300 38 3 BrzoL §gswo Foodglb Fog Bw3sdo s BgEs §96sdo B30l @
93369560 Fywol botgzl mexge dg@o InEmwmdom sdMWbgdl (Mee, 2005). dsgo Brgol Lobsdo®mm
Dmbgddo dmbobergmdol Mol $9ddo 30093 MROM BOEOL MJaombol LorMmbgl - 93GHOMBOISE0,
96 9930 39bsgmxz09M9ds G530 B30L Y39wsBY 035LBObM LLETodMMYDL Ho®MTMoyqbl. sBMEOLS s
3bgmOOL BogMhmgdo doMomeo 1533900 B03MOgMdGd0s. 3MMdYdgdo 1960-0560 fergdol deagoml
©s0fiym  "0(3s069 Mg3m@3000”, OMIGEds3  Log™MAbMOMOE  AdBIMES  93BHMMG0IZs  Bwgzsdo,
0000b5Mgg00©sb  bo33zgdo 6030009MmgdgdolL  Jg@sboo (Mee, 2005). 9obstg ©wbso dmosbo
b390M0mo ool momddol 75 3MmEgbdl 8goagbos  (Bsoggzo s 8585930, 1997). 3miboswwo
™mO560Hdgd0L 10330ds s Tomds FobOFHA LogMAbMdWsE F9o830MS Hbadsol mby §gsedo
(Mee, 1992). gl LozggzOE0OL BMbgdo BL30L BLIGHDY 56 FIbESZM JOHPDOEIOMO ,535IYMRMVS,
Omdgwog  Tog  Bezol Sfbgdl . Togo D3zd OO MMEIBMBOM  IMMIFIIWOMIOIL O
M3mbEOHMEm 933656 Fgob gols39aL fgowlogbom, La@fgsgo Bobbydolmzol, 30MmM s MMBYEo
969600l FomBmgdols s aLobmgdmo Lobsdotmm Bmbidol gJudwgs@ogoolomgol; m3sh 3o
d0bsM9qd0l 39939Mmd0m ©d0bINMHGOMEO - 990539390 LoymRsbmaMgdm, Lsdmgfizgewrm s
LobmBem-LsdgMbgm BsMhgbgdo MOMMbgds, GMIIdoE 300306 Bogobgds B®3sdo. wbs
500603bml, HmA dbmermo 3dody wommbgdo s6 s¥0bdMMIdL Tog BL3L, doaMsd olobo bsdwzowas
36056 gHM-gMHm0 9330063 MdEGd0, “3bgw F9MEH0Egdd0”, LoFaMBmgdMb sbewml (Mee, 2005).
obobo, GmymOi fgbo, ©s39300MPRMwbo 5056 ddodg MYH3gw™mdOL Bos®BgbgdMb, bobdoMols
5§35L096 5 gEgdEHOMYbyMRooL Fodmgdslimsb. dgmemgl dbGog, 93mbmdozMMo oM bol dggas©
59 603009Mm93900L 250mygbgds bog®MmIbmdEs dg830M©s s 50 FoMTmaagbl 360d369cm3s6
L5dodOMYOIL B350, FoMEs 00 Fgdmbgzgzqdols, MHmEILsg Fodbmerdo Fomo godmygbgds dseosb
06 gbLbomGo ogm (Mee, 2005). Mee (2005) bsbgolidom 5¢06086s, MM 8530 Bezs LIHOMBLYESE SGOL
935, 853Mo0 x96 300093 9O 5GHOL 9330”7, 080l as8Mm, GMI LYEBRSEO 59M0Ygbgds OMPMGF
963050l OgbOLO  BOMEIMPOMMO  EIFMOPSGO0L  3OMEgLT0, B3l BLIINO IGO0
§95dsol bmeaool fyaol ggbom, Moz o8 LoMIYYddo FMZswo MEY6OBAOL Logmabargl
9990909l bol. Mbgo bowrgdol, 9306y smmmdwrgdobs s Gos 9 3bsto fgergdol Fgyzsbol
99009290, H9s3000 Hyargdo dmbGmE@OL LOHMEH0! J0MES30M FoMBIMOEWML BL3530 hogEobgds.
0mbEMOdo Lo30MmOL30MHM 0679l BTG 8w BL30L JoM0E0sbo fgwgdo Ts30 BL30L MMIs smHTo
39005943L. 1986 s 1987 Fengdol Fom0Er0sbmdol 3mbs3g890by @oyMbmdom, d@MLEZMOOL ys3e0m
999m0s35ew0  fywol Ferom®o m@gbmds ggBolgdos  osbemgdom 312 ©s 612 3o90. 30 3
Fowofodo (Ozsoy et al., 1988). 063s Fywgdol o bsfowgddo sbmdbools gsdm, 3gusy0r)Ho ©s
096G MmO  MmMHR60BTJO0 JOMOMIEIE 96O SOLGRMBL. To30 BEZOL 93MboLEBIIOL LEHOWIEGHOS
36003690m3bs  goblbgoggds dgbmdgo bdgumsdwys Bmgobysb, d3gws Lobgmd®ogo xo0dgdom
(639595 BOZ0LS S T30 BLZOL MBGIOPMDS LabgMdIBdOL LOIOEMOM Lsdos) s MB0bsbEO
XJMBIO0 256Lb353900s. Fog@ed Fo30 B30l FE0s60 BoMTsls S 3MMEYYIEOWMEMds 1s305Mm©
050505, 9530 B35 gM0-gOmo y39esBg d60d369wmzsbo 93mm3mmo brgss; gl 960d3bgarmabs
figmdl bgaml Hgaombaen 93mbmdogsl, MHmam®E 0g3HFgOoL, GMMoBIoL doBbgLOL, Bsgomdol
9m3m3900L5 S GHEMBLIMOEOL FgoOml. LsbsdoMm g39ybgddo mdobsbEo 0bopmbid@mogdo bsbggbgdos
gb®oedo 1.
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3b®owo 1. ©MIobsbEHo 0bMlE®m0gd0 Labsdomm J399469ddo (dmMOlmgsl s bbg., 2005 §.)

9399965 ©®Id0656¢ Mo 06l ®os

0MERIMINO 9696393039, J39656d0MH0L Hotdmgds, 99@se M0, JodoMo dM9H3gEMds

Bago®mggerem 96939030

®006gmo 9696393039, J3obsbdomol  Fomdmgds, Fg@EHow s, Jodom®o IMgfzgermds,
0569965003996900Mds, Bg3mMdOL FoMdmgds s 49odTo39ds

©MeJgoo 9696393039, Jodomo dMgfizgemds

Mmool 9596393039,  J3obsbdomol  Fomdmagds, Fg@EHow s, Jodom®o  dMgf3gemds,

BIOINSG0S 05699650003969dnmds

9596393039, J3obsbdo®mol  Fomdmagds, dg@EHowmeos, Jodom®o dMgf3gemds,
365065
0569965003996900Mds, BogmMmdOL FoMdmgds s 49odo39ds

by gm@s bbob ffob Bat et al (2018) - ds dodmobows mwGJgmol Fszo bzol LsbsdoMml
Q500bdMMgdoL Logombo.

1.2 8530 B30l 5Bl Msbs9gMm3zg damdsmgmds
1.2.1 35(93mb damdsmgmds HmAdobgmol LsbsdoMmmby

2011 §erob Lobgsm s bbs3omm go@gdml damIsMgmdol Tglobgd sbyo®oddo sfzMowgdom SGOL
39bboemao Hdobgmol Lobsdomml Gsgzo B30l Fywrgdols s 93mbolEgdgdol damdsmgmdslicsb
5393900900 dgdgo dsB39bgdegdo.

5. 9530 B30l yergdol damdscmgmdol 4oblabmzmol 0bozs@mMgdo, Fywol bomobbo, gobozmm-
Jodom®mo dsh39690wqd0

A.1 Bmgoo 3sB39690gdo
- 993965GH MM, 298330M35¢Mds, FoM0e0sbmds, Ph, goblbogo 556ads0;

A.2. 93¢Mg5035300L 35h39690gdo
- goliga®o, boGmo@gdo, Lowr03sGJo0, JMOHMBOWO;

A.3. ©sd0bdmMgdols dsB39b9dwgdo
- 8dodg 09¢ogdo, FmEosbo bogmmdol BsbdoMmYsdsgdo, 3MEWodBOOHMZNO  sMMTsEHWICO
BobdoMfgowdsgd0, MmeYBMmwmOHMEo 3gbEH0E0Id0, 303MHMBIOMEIMY0YMO IGHIOMMI;

B. 3v969d0Lo 5 d0MmIM35¢RIOHMZBIBOL (339, BOMLIGHObMdS
B.1. LyBEgom 3sdoGe@gdo

B.2. bybogsm Mo GHymodmmogdol IamIsmhgmds

B.3. Lobogsm ©s LEbs3oMHM FoMgdm
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3. 930bobEGHgIol FEAMTMmIMdS s 3MEbIwo LoBEIsm GYLMELYdO. 2505d9bgdoL oMol dgmao
LobgMdgdOL JEAMBoMYMdS

3.1 LIBs3OMM S LobadoMmM Bmbol dEYMI>MIMdS

- bobodotm 3MHmEglgdo

-b30L Mbosb

©. B30l 93mLoLEYIOL dymdsMgmds -Fitoplancton, Algal blooms, Zooplancton, Fitobentos,
Zoobentos, d0mdM35¢g396Hm369d0L dohz9b9dwgdo

9- 390059969930L 3065l Fymao babgmdgdols dEAMBsMIMds

3. L3OOl BEYMToMYNdS
-0600035¢™MM 500 LoBLZom MHLWOLGdOL LogbmgMgders
- 300303990 3OH:MdEgIGO0L 25sFMHOL Mmbolidogdgdo

b. Lobgzom boghol sRgRd3s

260HM3MY 960 (1593900 Lobzom s Lsbs3oMH® Fomgdml dAMIsMgmds, 2011 Fgwl BodeMgdwwo
33935 INCD "y0ogmeg s6@03s”

1.1 Begoo 85839690 gd0 -
99069000 LobodoMmby fywol bzg@do Fywol GHgddgMe@M®s MguoLbEHMmoMgdMwos 0,8 ° C- ©sb 27,8
° C- 809 (L™ 7,50 ° C s LEBIOEHMEO AdsEabMs 8,92 ° C).

90603ser®o 35P396900g3000 50b0dbos B30l 3Hgddghs@Ms mgdgM3wol 3900, begrm
9sgduodsem®o  Fsb3969dgdom - 9dBHgddgMdo, Fywol ®mdogd@Bol GHodolb dobgEszsE, 35960l
9939653 1M0b dglsdsdobo.

- 2503306350mds  39Mygmds 0.5-@sb 6.5 8-dg (Lodmsem 1.8 3, 296.b3)..2.2 9).
0odbodvdo  IMYROLEHOOM©s dooldo, LobodoMm fiyamgddo, Est Constanta 2 Logyw®do o
906035000 2oM58535¢ Fywgddo, Sulin 10 3 - By, do®GHdo (gbGowo 3). yzgws Jgdmbggzedo,
9060dsey®o  3sBg30bgdegdo 2 3 - By VoS, HMIMOE  9IM®MAO0MO0  BESEGHMLOL, sbg39
bnOMIMwo  dmddgogdol  Hgdmddggdol  sMgeolmzol  Bgdsommvyeo  960836gmds
29060LsbEgHgds 161/2006 dGAsBgdom - ,BEe300o Fyol boMobbol Jwsbogozsgoobmzgol
93003099600 Fyaol md0gd@gool bEs@Ewbo brn®mdswrmmos “.

- 61906900l 1sbs3oMmMmBY 49M©s3535w0, LsBOZsm s LEBs3OMM Fyagdol ToMmoEr0sbMdOL
33930L5L 3590033905 © ©R0bEs 898090 85h3969d¢gd0: 0.50-18.63 PSU (Lodwgscnm 16.93 PSU
5 BEABIOEHMO 2osbEMs 3.359 PSU). 9sguodsereto 8583969890 930360l s60bgl Labomgom
990, Lryenobsl Logaw®l 30 8 (20 8) s 4oMmEsds35¢0 Fywgdol dobodmdo - Lerobsl Lowym®L
209 (09), 00539 ®3980, 80bsMOL F965E9BIOOL Aogegbol oM. - 30BLEHBEL BoEsdmgdTo Lsbsdomm
B9@gd0lL pH-0b ymzggmz0mGHo Ladmswm 8583969890 ©sG0JLOMES 0s63MOL 8.10 - sb 8.10 - g
(©©93990960 8,24 s LEHBIOEHMWO d5©sbMs s = 0,08). 2010 Fgeb pH- ob Lsdmowem mz30M6O
0539690900 MMM Fomo0 0gm, M3 56 5ILEHMMIOL LBs3oMmHM Fywgdol Tgsg3056mdsL.

- 3ol 49M98mdo goblboo b6adso dosgbyg 8603369mzgs6 s FoMmBmdsygbermdom
330o©b  FoMBmoagbl  93mLoLGgdgdol  FrbdzombomMgdols s  J3g3zolb  gboggsligdars,
396L53MMId0M 0d0EHMT, MM Fobo 25BMIZs FgEIMIO00 SEZOWSE MO TglodwrgdgEo JslingMo
JodomMo dgomEgdom (3063¢gMHom) 96 gergd@BHHmdodon®o ¢gdbogoom. geblbowo gsbydswol Mggodo
©5 93Mgm3g dobo MYg3gdol ogargbol ddmby BodBHMmMdo ©osE I60dz6gwMm3zs60s Lsbrgsm
93mboLEGYIGPRDBY Bgdmddggdol boddodol Tgxgslgdolol. B30l AsMgdmdo gsbadsol doMoms©
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095600l GomBmoagbl 50600l 4533w 359M-Fyeol 0b@ghggol®By s dobo 3060s306M0 (omdmddbs
§9500396569900L5 S BMEHMBOBMYHMMO dodBHIM0gd0L BMEMLObMYHBOL LodrgsEwgdom.

D30l bobsdo®mm Fymgddo asblbowo sbadsol 3mbzgb@®msgool dwogho acmsogb@gdo
d90d@qds (omdm0od3sl 3Hgddgmo@Mol, ds6ow0sbmdol, 153390 60300gMHGdsms FoMgdOolL, SdsDsbOl
LodgBHemool, fgwol Lbgmwol  30M3wsEool, 3wods@Gmo  BoJGHMOMIPOL ©s  BOMEIMYOYOMHO
§o60mgdol 3560530900L 250m. BmyogMo §90mbzg3580, 39MGH0IWMM0 BEGMIBHO0GOISE0s SBIOHIOL
3969356, MomsE byl MHgmdl 303mdubool s sbmglool sfygdals s odewogMgdsls, AsbLsMMGIdOm
3bge  Lgbmbdo. s3M0ys©, FYoblbo®To goblboo 963050 (335 gBsMBS,  DBMASWO,
GOBLEMOEHOLS s Jolo BOMEWMAOMMO FMbTsMYOOL botolbol Fggaos. dobsdgms dgbszsgdols
2393w9bob 4390 dgmxz 50gdd0, MMYMMOEss G530 B30l ROOEIM-EILIZWImO, MmMEYwo
6030009690900l 8ol d5B3969d9wo dgodergds 360d36gEM3z560 RBodEBHMMO oyml Iglfogerowo
A9IO0GHMMO00L 556205000L LogMomm Imbdo®gdol gobloBrg®molsl, Hywol dmger Lgg@do. dsblbowo
756305000L  3mb63g6GHME0s Mdobgmol Fogo bmgzol LsbsdoMmmby dgdstg Pywgddo oym 69,2 930,
09bp00sdo 30 9 (20 3), LydBHgddgTo s 456,9 933, bLryewobsdo 30 @ (0 3), Bo®ETo (Lodmswm 322,2)
HM 5 bEoba®@mo assbMs 67.9 pM). Hv9dobgomol bobsdoMmmEsb goMsdsgsco, LabsdoMm s
LBz Fyagdol 96ad00L goxgMadol 3sB39690eqd0 @By 29,3% -156,63% -b ol (Lodrgoem
99,5%, @9b.3b. 16.9%), ™mM03g w30MGILO Tbotyg Lobsdomm bmedo. sblbowo Hobadowol
990mbggzsdo 30, 796050008 2oxgMgd0L dobodsrm®mo dsb39bgdrgdo BodboMgds, sbomMM3MEo
15d3056MdOL BgBmJdggdol s@gseol dglsbgd 161/2006 d6As6IBOL Mobsbda.

03GHHMx8035300L 35839690900

Bobge®dgdo. 2010 gl GgaoLlEB®oMRMo  Gobgs@dgdol  3mbggbdmsgos (PO4) 3-
©5M920LGHOOMS FMbs3gdgdT0 “sdmEbmdo” - 6,25 830 (Agosbw®o 0,25 830, s6dBmgds. 0,58 330),
®6039 3009Ogbo bty BL30L306s Fysawdo. Bogbodsero FoB39bgdIo  IMYROLEHMOMS
30BLEHBES Lol 5 3 (0 3) Loym®do, 3mbLEBES LMoL BHIOOEMOM0sHY 3safdgbo Baggdmdol
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©69360m ©MBBsLOL, hMHOWMIm 4oModobs @s Jsbmgzol sMbgdol syMmzowo fywol Lo
9mEmEmds 43,8 30 3-b 895003906L. demgrm 20 Ferol 206353¢mdsdo, ©bodMmsb fyol dowgds
033w gdms 23,1 30 3 - b (1984 §.) - 10,8 30 3 - 9y (1998 §) (¢369060L 93mE@A00Ls
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06906030 BgbyBHLIdOL LodobobBmm, 2001).

©0bglBH®o  sLOZWgm  M3MS0boLs @O TMEPEMZL  Yzgwsby oo  dobsmgs.  Hywol
69090399500l dggdbolosbegg  (1981)  ©@balB®oL  Bsdmbsgbo  dmfgbdoys s  dgBfowo
©0530300090¢905 bgLEHMOL 30MMIWIIBHM LoawMoL 3domds®y. dobsmg Mgarmwomwgds 3.5
39 3 ©mbgBy o ImoEegL d36gdM030 Rsdmboabols 35%- 50%, 56 30bsMol 3o0bgdoL, asbemgdom,
70%-b, 00 §ergddo, MrMELsg sgogdLoMYdWEOos Fyeol dzoMg oobgds. Lsbsd dobsdg babB®o
3006MHM9w9dGHOHMLIEYMOHOL 35Tl 2500033900005, NI BHIOOGHMM05DY §YoeroE™ds dmbs.

Description of business activity Loss %
Housing and communal management 59
Shore facilities of sea transport o2
Industries 8
Recreational facilities 1

1369060L  93meEmyools s dBgdM030 GgLELIdOL LsdobolE®mMd (2001) smbodbs, GMA
4m39H0MmH©, 936050606 9E0bsmggdl Jog B®zsdo Aswasdzm 653,000 ¢ Bo@Bgbo 60ogmogmgds,
8000 mbsbg 3930 m®as6w9wo bogmogMgds, 3sm Fm®ol, ssbermgdom 1,900 ¢ sbm@Eo, 1,200 @Gmbs
3bgm®o s bbgs bogmogmgdgdo gbowo 11).

3b®owo 3. 306H™mJodomcmo gugdgb@gdol s sdsd0bdwMmgdEgdOL Lodrjsem goobgds dog
D350 8magsM0 dobaMggdol asgeom, t 000 ¢ / fgwo (93605060l g3memyools @s d9bgdG030
M9LLYBOL LEFObOLEMMESE, 2001).

Indicators Total Danube Dnieper Dniester S.Bug
BOD, 546 85.9% 10.3% 2.4% 1.3%
Oxygen 1780 84.3% 11.8% 2.8% 1.3%
General mineralization 84500 84.4% 10.5% 3.4% 1.7%
Suspended matter 54000 78.7% 18.5% 1.6% 1.2%
Nitrites 5.03 85.5% 6.0% 8.3% 0.2%
Nitrates 160 81.3% 5.0% 12.5% 1.3%
Ammonia nitrogen 5904 89.2% 5.1% 5.4% 0.4%
General phosphorus 41.4 87.0% 9.7% 2.4% 1.0%
Oil products 54.5 97.2% 1.4% 1.2% 0.1%
SAS 1.13 68.1% 22.1% 9.7% 0.0%
Copper 1.55 77.4% 16.1% 2.6% 3.2%

Zink 7.14 46.2% 50.4% 0.7% 2.7%
Manganese 7.60 89.5% 9.1% - 1.4%
Chromium 1.76 14.8% 84.7% - 0.6%

650 oMol  dmosbo  bs3ool, ssbemgdom, 80%-L, ®mdgwos ©wbsoL
96003690m3960 ImEmEmdol 2sdm 8sg30 D30l BMHOEMm-©sbsgmgm  bsfordo gsdmgobgds.
©b03Mm bLooom Igmeg 8Eobsmgs PMHEOEM-EILEgEgo Fsg30b®z0L30Mmgmdo, dobo Bsdmbswgbo
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H9eofodo 40 - ©sb 50 33 3 /-5, Gog Mmmbxg® 6 brmxg® °©0gds@gos baLEMOL dmbs3gdgdl,
Hmdgeog 59 ®ga0mbol dglsdg oo dEobs®gs. 5851096, bILEHMO MOX IO Bg@ SBMGL sfigol dog
D39L, 300609 ©b03OHM, o3 Fommomgdl sSDBMEHOL Lolvdgdol o MomEIbmdsby, GMIWYdO3
2090yg6985 bglGMol §godgd3mgd 59Hdo, MHMIGWoE A9sF0TMW0s ©930M50bols s dmeErE™3ols
LodgObgm  Mo0mMbgdOL  obfi3M03. bBo3MISMHMPMIBHIOOL MomMmEIbmds, MMIgEoE ©Bo3OML s
©balH®ol  fywgdby  GmEol,  30MHEI30M3OM3MME0Mwos 08  65g3MBI3OMPNMIFHJOOL o
B5300Md 550500539090 Jobbgdol  omdmgdols, MmIwgdog  ©baLEHMOL  bgws  bBsfoendo,
M365060L obOZWgm MgA0Mbgddo 8gdMMBL. LadbMgm dol fowo o3 bmgzsdo owsdsbowo
Jodom®o bsgmmgdol LogMomm MomEgbmdsdo 8967300 EIdWs, 30O ©bsoL, Bo3HMLS s
©0bgLbBH®0oLY, MMBEs ZN-Ls s Cu-ob Gomgbmdom, BILAEMOL Fow by IgBos (136M50boL g3meEMYyOoLs
5 8496906030 HJLOLYBdOL LsdobolEmm, 2001).

3dodg 9gBoergdo

36mdowo gobs, M3 2000 gl Cd ©mby 30006580 830 Bw30L Fywgddo 30-50-0m
QOd05, 30O LIZgd0 3MbEYbEMsEos (5 83y / ). Hg 8993390 mds v30e0bsdo Gsgo Bmzol
§9@g0do 56 5099539dms 0,1 833/ Fogduodo e olsdzgd 3MmbEIBEHME0L, 350 bogagliayMgwo
™d09JHgd0Lo, Losg Bobo 3Mmbrgb®Mogos ©ssbemgdom 2-xg6 dgBo0s, 30609 bbgs ©sbs®Ry6
6930069030 (0,2 33y / @). 9bseomy0Me©, 136506530 Gs30 B30L §ywgddo mby 56 5099537dM©S
05gL0B>E MG olvIZD 3MBEIBE®oEosl (10 83y / ). Pb- ob (10 83y / @), 1,7-%96 93560
dbmEmE ®mEYbol Mmerdol sbenmb, dsmo Bsdobady §gywgdol asdmymgom. 3606580, 8530 BLzoL
Ubgs Ggaombgddo, 830 Bw30L Fywgdo doMoms@as 0,5 ©s 2 83y / @ FoMamgddo ogm, asM@s 0d
500300 goobLy, boog dobsmggdo wbso (3,1 83y / @), Bo3MM s LadbMgm doggdo (5,2 33y / )
"9ONEOGR06  b3sl. Zn-ob ©mbrd M36ms0bol Fogo BegzoL Fywgddo Boguodsgr®  ©obEAz9d
5m©QBMBSL QoosFo@ds (50 833 / @), Lobzsm BogaogLay®ge spowqddo (145 33y / -0g) @
0e0B0gL30sb RsdEObaMy Fywgdol asdmymaol E®mmL (823 83y / ). 3605060l Gsg0 BL30L
§9@ 9030, mEabol merdols Jogrsg 0eoBoglizol domeMmy0vE §s3(dgbo Boggdmdsdo (30 33y / @), sbggg
39005 F9MdS FogloBoEr® LEAZ9Dd MoMEgBMdL Cu-ol mbgd (5 93y / ). v3Me0bol Gogo B30l
§9@gddo, 36080l ©MBmd A5@o5F5MDS Bodlodoerw® EsLadggd 360336gcMdaL (1 83y / ) dbmeme
©650L Bmbsdo, 3HMEHMMIoL s®bdo (2.8 33y / @) dobs®ol Fyseo (3050bol g3mEmyools o
0690030 MgbMLgdOL LsdobobBH®mm, 2001 §.) BSC (2019) sabo@gdl, 2009 Ggwb wo@yqboero
LEobamEIdOL dobgzom, RMHEOEIM-EILsgwgm Gogo bBezols ©s JyMbol LEWEOL GmJbozwdo
@omMbgdol  3MbEgbEHMoz0os LyBEZsm fywgddo MBbodzbgwms. Lsbwgzgsm fywgddo wommbol
999330MBOL 5BLMEIEHHO 3bEIBGHMIE0s 89930M©s G98ga0 Msbdodwgzdmdoom: Zn> As> Cu>
Pb> Cr> Cd> Hg. 8530 D30l gs690m 300Hmdgd80, GmdLogMmo @ommbgdol yzgusebg domswo
3Mb396GHM300 IxR0JlLoM©s MmEILol Mgaombdo, MBIOL IEEHLS o BMEOEIM-EIBIZEJD VOS
begzsdo - 39b6dMe Bdgobobg s gl ©sTsd0bIMMIGdGdo ogm MIbodzbgwm, Mo, Lsdreem
3603369mdm, 10-x96 Bo3zergdos dodbodocow® Fobomgd 3mbiEgb@®meEos®y. 2011 gl LsbEgsm
Pyangddo  @ommbol  8993339c0mdol  OLMMBMMHo  3mB3gbGMmsEgos  8gdzoMs 89090
560000 930Mmdoo: Zn> Cu> As> Ni> Cr> Pb> Co> Cd> Hg (BSC, 2019). Fe- b bodwgsewm 306396 Mag0s
M 50g39390m@o 35Ju0T> MM JoLa GO MomEYbMdSL (50 33y / ), 3oMS BSOL IEEHOLS S
mEgbol MHgaombols; Fe-l 3mbigbdH®magos 2-3-x96 dgBo oym, 30Mg 2011 Ferol BsguodsgrrGo©
©3b533900 3mbEgbEH®Ms30s. BSC (2019) s3bscgdl, Mmad 2012 Fgwmb yzgas®y GHmdlogm®o dg@swgdol
30b396GHM300 B30l Fyagddo m@gLiol MHgyombdo, ©bsol I EHedo, BMEOWM-EolZEIm VoS
B35d0 - 3996dmo BBy (BgMbmzol Gowmgm®ol 3gwo) oym Mdbodzbgwm, 10-x96 6s3egdo,
05gduodoEs@  Tobosmgd  3MmBEg6GHMOE05BY.  WOoMMbOL  MomEgbmdol  3mbi3gbEMmsEos  LaBLgsm
§9gd80 999306 89890 19630dy3t™dom: Zn> Ni> Cu> Mn> Pb> Co> As> Cr> Cd> Hg 2013 {gb
1365060L LyBEgzsm §yegddo dgEPewgdol 3mbEgbEME0s 0gm »dbodzbgunm, dsduodsErm®ma Jolomgd
30b6396¢®o305%g 653egd0. @ommbol Mom©abmdol 3mbEgbB®mogogdo Brzol fywmgddo Tgdzoms
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990090 056300g3Gmdom: Zn> Cu> Ni> Pb> As> Cd> Cr> Co> Hg. 2014 fgwb sbggg dgoMg oym
@ommbgdol 3mbEgbGHMoEos ©bsol IWEHOL BOHEOWM-EslLgWgmom - BIgobol  396deols
LoBEZom gwqddo, FodulodogrMo Jobormgd 3mbEgbGMoE0sBY bogengdo. ommbol Momogbmdols
3063953305 B30l §ymgddo 899300 998wga0 006308 g3Gmdom: Ni> Zn> Cu> Cr> As> Pb> Co>
Cd> Hg. 3&mdbogm®o @ommbgdol Gam@gbmds wbsol bbsdomm fyswdo, dBobEHMOL 30HMG sberml,
2965f0gdwe0s 899gaboots: Cu-ob 7,5-xgM 99@0 Bogdbodeew®e@ dobomgdo 3mbigb@®magos, Zn-
ob 3,5-x96 3930 ogduoBoE Mo Jolowgdo 3mbiagbE®30s, 2,5-%96 g@o oguodsE M Jobowgdo
3063963 ®sgos Cr- ob, 3,1-xg6M Bogdbodogom®o 3mbiagb@Msgos 3o Fe-ol, Ni-ol dsguodsgrv@e
oL gdo 3mbEgbGHMoEos 30 22.4, G5 d0vmomgdl ommbgdom 3608369wm3s6 ©dOBIMMYdsbY
(BSC, 2019).

bsBmgzsm bagsgo

30H9535© 030Ls, MM LEBEZom Bsagzol gbfagers 2000-0560 Fergdol obsHyoldo oofiym,
30000939905, OHMI M36M5060L ygddo LsBrgom bs@Bbgdol dogby Bgyegwrgbs Ls3doMobo
I9Lfogaowo 56 ool (BSC, 2019). do®3zmbols ©s 3H03mbozobol (2006) w3@s0bol Lobsdommgdbyg
Lob@3zom Bsg30L 33¢0930L 0965HTo, 908MPbES, MM 3eEsliEToLoL Tsbol GomEbmds ¢36M50bol 8530
D30l g Bgs3omBy G950ag0L 18,559 33-U. Gog 005l 60dbogl, MHMI LbgsEaolibgs LyBmbby,
30bBHOMWM 30790, 3eslGTolol MomEgbmds 3608369 m3bo 50qds@gds Jobol Gompgbmdsl,
80-98% -oo.

1.2.4 35099mb daMmdsmgmds HMgool bsbsdoMmmgdby

bgmol  Fog0Brgzol3oMgmol  Log®mdg - Jg@bol  LEOMEHOID  TEobsty  BLmMPY,
LodoMmM39@ML bybEgMBY 3OV s BEMGd00 400 38-05; MBS 500bOTBML, HGMI ®qdwg
2999633939005 JoHodol Bobggzs®3bdoeols B mdomgmds.

bgomol 8530 B30l Lsbsdommligsb goblbgsggdom, gl Mgaombo FoMBmoygbl 9o -9t
00003560 Lo3mblgM3zs30m 5P,  BIWO  BNOM3MYIbMwo  BHOBLRMOIsgo0ls ©s  dobo
obEMOHOoEo 36093690MdOL AsTM. 930MR0E FYMTMYMDSL 585550500 58d0dgdL BragmGmLoolzol
FobEmds, dogrol bsbols s BsgmmdEHgmdobsgrol dd96gdmds s Babgza™zmbdomeols gofitm
Lobs30MM Bmbsdo MY MoMgdIwo GMOHOHBIOL sd@oMo BMHs.

GOBLBMOT>300L  Fomswro  boMolbo  godboMgds 00  93:mbobEYIGOd0, Loog 9oL
©3LbobgdME 3969dFgdo, 3969H900 s Lsbsdomm @Lliggbgdol Bmbs. Fom JmGOL, bragmOmLolzol
3mOG0L  sbwmb,  Jgbol  LEONMEOL  Mgaombo ©s yoModo bmdogMo  (33crogdgdol  dgmbg
93mboLEGYIGO0s.  9gd39d M00®Yb0dg MHoZse Mo 93mbolEYds B0F365M0OL BHYggdom, JoLEHM-MV305 ©
©300L @05 dofgdom. Bodgbseol (Pinus pithyusa) (ygggdol omomddol 50%  Gg36m9s550weo
©936M5©5300L dgmmbg s Igbmmg 9Ee3HYs.

93MMR0IH0 3MrMdEgdgdol IJmby MdBIdOLIMZ0L, BOMBMIZowBRINM3bgd0L T9bseBMBIdOLS
©5 509 LBs30MM BEPTsBEHIOOL FEAMIPO J9630005MJdOL s om0 5355500690 FEyMTsMgmdol
230LoMOx MBGLYOESE  SOLYdMBL  bbgoolbgs  mboldogdgdo. 8sgo B30l  ©Mbol  gsM0s3E0s
3960LsBO3Mgds  fgarol dogrsblol 3mI3mbBbEIdOL 33wowgdom. Lsdmswm oMo 3s56MH0s3E0d
Lo6530MHML AOLHIM0Z 56 50gToBHgds 1 0-b.

5060360 Lsbsdomm bmeol AMHowwmgmo bsfowo sz0ws dmbagwgmo Jobgdolysb
9900a909;  LobadoMHmgdol  bsdwgewm  Mgsgbos  Fgofodo 0.7 Bewb-0s. LodbMgo  Labsdo®Mmby
90g0sM9mdL 50 30eMIgEMosbo 93080L dgol LolEgds, oMBgdOMs s d3wssgdom, 899y BEodol
Bmbs 506M5H00 36YJO0M s ITMBAFHGOWO bbsdoMHM bmero bMHYdol / 39630L 3¢grsggdoom.

3900GHMM0900, Loo(3 Bo3oMlodogMo  3mBLEHOJ309d0 439y QQOEbsbL
53796430mb0MYds, 59595950 (3 IYMTsMIMBT0s. ©I3MDBOEGIOOL Mo LEGMBLEMOEM 653500
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995396Mbs 2MMm3900L5 s 3593396Mgd0L LobiEgdol Joge, MHMIWIdoE 3MoJGH03MWs© 3390796 39bFobs
5 bMgdol Fobogrgdol Foa®moEosl LsbsdoMmmb aolfzMog, oby MHMT, 3ws0l 50EAJbs d+9693GM 030 ybom
99910 q09w0s.  3Eogol 8995650 mbadgwo  LEGHMWIGHMOIOOL 3oL J39d dymaxo bgwmgby®o
L5B530MMYGDO Lbs30MHM BMEol GOMHBOOLAD 330 M3E0ToW MO BgmMEOs.

30ds@o

9530 B3z0Lb Lobs3oMML GLmEo Tbsyg bIgwmsdms s LYPBGHMM3039o  J3Eods@ob
5069800 I gdsMGMAL. Mga0mbol 3¢0do@by o A93wgbsl sbgbl 39335b0mbol dmgdo (Bmgdo
03393L POHOOEMgmol 3030 JoMolysb) s BL3zs (Bgs Bogbrmwl 3596ML 4MowlLs s BSTMGTo MHBOEL
boob). Jowsd Goxtglh BOHOEM-©slsgegmom dmgdol Lodsweg 56 50gds@gds 1000 gEHOL, Hog 56
3ol byl 359MH0L 65350L. GexLgl LsdbGIM-50dmbsgEwgmom dmgdol Lodsmang 3000 dgBEL, 6
d9AL o0f9g3L. gl 3609369c0M356 430 gbsl sbgbl 5d0bEDBY. 9653006 EHexlgdwyg dmbszzgmo
b3 805D 030L 3¢0035@NM BmEdo 3 dsMgmdl, ol 3bgwo, Moo bogbwymwom s bmdogho,
§3080560 Bs3MH00 godmomhg3s. #Hvox8LYE sEEgMLdng LLPBGHMM303Mwwo bndom Jwods@os, o
bdoms §300L 5 Bodm a0 MBOW0s, Yob3zgdo 0830005 ROJBOMEIDS.

mbgomol 9s3o Bmzol bsbsdoHm

bgmol  BgIMOE00L  BIM0GHMO0sDY  dEgdsg Toz0 B30l  LsbsdoMm  yzgwsby
3039060 By3MBMmOEM Ogy0mbos. 3MolbMmsMOL Mmedols s Yo@odol 3MGmmOEgdHy oo
50m©gbmdom  GHMOOLEHO BBMEOL OHMLYMOL  FMZs¢0  MYa0MmboEsb, ymzgwficronmo. ML
GHMOOLEGHIVT0  EOEO  33YMMB0D  BoMRRGDEIMBL  3MLBMEIMoL  Tbstgls @S YJo®odol
Bobg350396dmbg dJdsMYg 3MOMMEHY00. 3OMLbMEIMOL TbsMgdo, 8530 BL30L LsbsdoMHm bmero,
Qs9bemgdom, 400 30¢0mBgBH@0s (bsBmgzsbo Fsbdowro ssbwmgdom 350 30¢MdgEEMmo). 53 Mosombdo
000905Mm9mBL y39eaBHg 3M3MEsMHYE0 LHIMOMOEM Joodgdo: 96535, 29wabxozo, Gmexly, Lmo.
4060dol MEoEILO Joersdgdos 1Y3aBGM3MEo, LodggOM3meo, J9Mbo, 9335GHMM05, BJMEMDOS.
LobsdoMmbg gdsmg obEbEgdYRL FmEOL (3060Es3000) Bobdowo sl Qodmoymemgds: sBads -

39w96x%030 70 38, 39eabx030 - Gwyoxaty 100 38, GHvwysxgLy - bmFo 76 38, bmFo - swgho 30 30.

8 Krasnodar @
£
(&) A
Anapa ®
Boishoy Utrish - .Novorosswsk
= Kabardinka
A, Gelendzhik

Arkhipo-Osipovka®  « Dzhubga
«Novomikhailovsky
«» Ol'ginka
« Tuapse

Black Sea
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56535

36535 Brligonol Fo30 B30l LobsdoMmMl BMHOEM-EsbsgErgm bsfowdo, yJo®odmsb s sBmgolL
B35Lmb sbemls A gdaMgmdL. 56530©sb dmbzmgzedg dsbdowo, ssbarmgdom, 1690 3oemdg@®os,
36oLbMmEsMsdy - 170 3oemdg@Mo, LmFsdwg - 360 30wmdg@Hmo. sbsdslt Ggaombdo dsgo bwzoL
LobodotMm  gobobogds, GmamME gM0-gMmo Lorzgmabem Lomxsbm  @olabggbgdgwo  JMGMOEGH0
Mool BHIOHoEGHMM05BY. o 90gdsMY 3¢9:900s6 39360 J30805b0 s bEGosbos, 53l dOGHYgwo
gL > 50D 3MIRMOEHWWOos B53d30060 MXBYBIOLMZOL. goeo MdoEo s Lobosdmgbms.
3MO30L bygbmbo, 396 5d0bol 306MHMdYdTo, Fgodwgds Bs0LoEsb MJGHMIDdMTY oMY,
9b535Lmob (oo MEHMOAoL B30l Wsymbsdo) JdMIMIL JOHMIEINMO Ol Fosgo bwgol
Lob530MM W EBobsMoMdo, HMIgEdos IEMEos LdBEZsm ddwafmg®gdo s Imddgwgdl in vivo
(Beg0L fysewdo 458390990 os 3oL J399). (»BH®0IoL I GBobsOMAL 543l Bowroswgdo bbgs
9549080, B5g9e0ma, 393gMdWOHAT0.).

GMYOH0LEIO0 9653500 BJoMs IMIMMdID To@MFOW0m, FobJsbom b LadsgMm aBoom. sd3zgs
000535600 59MM3MMOEH0 5 M30608HOL LEEAMOO. BsMZ0boBM FoBMYdEgd0 BHMGMOLEHWM bybmbbg
L9 96535L BHIOH0EMM05DY 500006 (D8Ol Bo@eMgdEgdo - bmgm®mboolz®y).

kL\'»'&{Ggendzhli . R~

)SSIyS

b6 .7 Hlgmol 8s30 Begol bsbsdomm

30wgbx030

399bx030 8530 B30L bobsdoM®mbg, GMLIMOL " 3MolbmEsdlzol bagdo”, Jowsd obodols
LsdbGgm-50dmbsggomom 70 30mdgEH®mol  ds6dogby 8gdsmgmdl. ol Gvlgomol gehm-gHmo
439wsbHg 3340 LyBogbwm FMOMOEH0S. Jowodol MgHoEgbEo Tmbsbergmds ssbamgdom
61,000 5@5305605.  GHMOOLEWo bgBmbol 3030 0360L0B bgdEHYIdMTY PMAgEEgds. Brzol
39939M0GH Mol dbe0g, oMy sd0bdo, dgbsdenms, GHwIMHoLEMWwo Lybmbo Toobowsb md@madMOl
Bo03000 gogMdgergl. 349690030 3oggdol dg@ILMmds 3956FJD0m SMOL OBIMEO. 4gEgbx 030l
94900l 396GH®0, osbwmgdom 1 3owmdgEHmol Loa®mdgbg, bgwmzbm@o Jgodol daogos. odgge
59MHM3mME0, Jobermglio ©30603D0L Lsym®o 30 Jowsd Brmgmmmlooligdo BEdsMYMdL.

6°3b)

Jowsdo gy 9530 Brgol Lsbsdommbg, bLmFosb PHEOEIM-ELOZEINOM, IsHEMIdOm,
80 300mIgBHEol dsbdoby FEgdIMHIMBAL. Jogrodol Tmbobergmds Fgoagbl @ssbarmgdoo 63000
5Q05305BL. 57 5M0OL 80753560 LsBZsM 3MOEHO s MI0boyBOL LoywMo.

6mgm®ealooligo

BegmOmbooligo 9gdsmgmdl dsgo bgzol Lsbsdommby, 3gdgbol ym@mgdo (3OILBm@scOL
boMy). Joogdol dmbabergmds 251 smolbg Fg@o 505305605, BragmO@boolzo sGol 960dgbgermgzgsbo
LoG®obl3mOEH™ 396@M0 HMlgmol Lsdbmgo bsfogrdo. Jsesddo sGOL BmezsMmo dmGE0, M30b0xBOL
L5 ME0, Lso@ol gBgool 3356d0 (3Bs M4 "EMbo”, dmligmgo - EMbol MMLE™3Z0 - bngm®Omboolzo).
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bm3o

Lm0 560l 439esHg 3m3)WsMHEo s Y39woHY OO LoIMOMOEM Joenodo Hmigodo. bmFol
3Mb03035wo@gBo 939 36Mmdow0s oo LmFol Labgwom. o LmFdo Lsbsdo®m bmerol Loy™dy
100 30mIgEHOL 50qds@gds. bmFol 39boE03s0GHIBH0 IYMBOEI0s Mmb Bbs®: (3956GMoww®o
m@do (bm3o), sEgmol Ms0mbo, sBsMmgzLzol Msombo ©s 3gBEGHMIWMOHO MmEwdo. o bmFdo
445,000-%g 9gBo 053060  3bmzmMdL. ©oEo LbmFol 3bMdOEO  JYOHMOEHIP0s - ©oymIo,
@sHoMM3L30, 9EYMHO. Jowsd Lmol Bobemdrs®, momddol ygzgws Lobsdotm  396Fgd0mss
©OxONYo. Bmodo, bmgge  3M0Lbs0s  3:e05BLMSb  sbErml, 3dm3s®vyeo  LosmbowsdwmGm
39OMOEJO0 30gds0MgmdL. LmFdo liggbgdol dmyzsmemsmzol GHwMoLEHwWwo gBmbo 036006
™dGHmadMsdgs. 3m@> bbob §fob, 2014 b, BsdmnG®OL MmEod30mMo sdsdgdo LHimMgo LbmFdo
Bo@oMs o d0geds dlmaeromd 25036m gl MbozowMo Joodo. MHMgmol dogbmgMgdegdobmgols
30 ol g4m39wom3z0lL 439wsbHy oo, 9608369cm3zsb0 s 3bmdowro Lo3MOMOEGM Jowsdo oym.
MHMbgool 0936 dogbm3zm PPl LML F39d9GdOL oGO df. Jarol y4z9wsHy Mdowo ™m39s
29230LG™M. 439WsBY (3030 39900 30 0563500 O MYPOYMZo0s. o 53308EHMT0 LsdwgoEm M3049M0
90390s@Hnes 25-27 ° C-5. Hgeol Lsdwswm Ferommo $§gddgmodwds 3o - 15,7 ° C. gggmmsbg dg@o
3030 1450 19gdgM35¢Ls s FoMET0s (8,6 ° C), y39wsbg 0d0wos s330LE™do (24,1 ° C). sy30bGHM™To
§9eol Ggd39mo@wMe0 9g0degds dosefioml 29 ° C- L.

1.2.5 25(93mb daMmdstgmds bsgsGomggemdo

Logdo®m3gem 800560 §39996ss, 3md3egduwydo Bool guognom, ol 3 gdsegmMdL 3533580MmboL
990l LadbMgmoom, Gogls s 3300l B®3gdL FnMol. dobo LagHmm BoMmmmdo 69,7 smslo 33. 30-0o.
Lodo®mM39EMl Ibobergmds 4,6 Jogombo 5¢5305605, 5§90 Jowsdgddo bmgmmdL 2,4 dogrombo
5590560.  bodoMmomggenm  godm®mBgMEos  3¢0ds@Mo  Bmbgdol IMegz5¢n9mm3bdom, GmIgeog
LB EGHOHM303MwoEsb FaMoEsdYg dgeygmdl.
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LodommM39EML LobsdoMm Bmbs dmoEogl dsgo B30l bofol -- 326 30 Log®dyby dobaty
AL (gL BIEIMSE0LME Labgwdfogm LsbrzsMo) 39wgbrgmol 3mbEbsdwy (Lobwzs®o
06 Jg0096). Logdo®mzgerml 30MHMIgEJNOMEMY0MHO bEALEHBYOO MBOEoSWMs© dgoddbs 1844
ool 14 3o0Ll, MmEgLsg sOLES MBOWOLOL MBLYMZSGHMM0s. 1929 Fawb, 9630005MgdEO
LoBMYPOEMIdMH030  0bEMLEHMOOL  v3gmgbo  dmALobwMmgdol  Bobbom, Tgoddbs  LodoMomzggaml
300MMIYBHIMOMELMa0MmHo 3mdo@gdo. 1932 fgbl, mdlgmzs@G™m®ool Lobm3GH03Mo AsbymzoEgds
MGBOGOIWIM® F9335Ws 5d0bOL doMO™ML 0bBbEHOEHWGHTs. 1938 {erowsb ©sofiym Bgwadotwemmo
Jyangdol  Jodome  LEHO®MIGMODY ©5330603905. LodoMmgzgwmli  dobsdggdol  {yeol Lobmdo
Ls39domgdo  XIX bom3zmbol dgmMyg bobgzMosb @oofym. 1918-1923 {iergddo, ULodo®omggeml
00006569909 30OHMEMYO0MHO ©330M390900 Fgfyws ©s dbmenme 1930-0s60 fergdol sbisfiyolido
530S, 9oL 99992, 53 30MMEMROMEOO  Logmdsamado fywol MaHRgEmdol ©I3sMEHTIBBHL
05993900905Ms. 1990 g, 439960l dg@gmmMEmaowe LsdlobwyMdo, o3oWodMHIOOL LoEYMOLS O
30QMHMEMY0ME  4569mz30gdsd0  30QEOHMEWMA0IHO SHOWIOOL MoMmEYbmds 140-%g dgBo oym.
LOBEZoM 9EHIMOMEMA05 3000OMIYEHINOMEMY0)MO0 bsTLabwHOL Mo -gMmo bsfowos. ogo dgoddbs
1964  Goaob.  Lodomggeml  bobsdodm  bmbsdo  1990-0s60  angdol  @obofyobodoyg 32
393 gMOMEM0MH0 LoywIMo; 6 LoEYIHO BoMIdOL, 35 - 399gdol, 45 Losd3z0M390M LSOO
30 LoB3sm ©s30bdMHgdol Imbo@m®mobals sbm®mEogmgds. LodsMm3zguml dsgo Bm30L Lobsdomm
9009056MgmdL G530 B30l LodbMY-50TMbZEgm s sdMLagego bsfowdo, d. LoMxkob s LML
d9L5M053L FMMOL. 39335L0MboL Jgol gobfzmog 0a0 IEME0s BOHPOWMIMOL JoMgdolysb. Jstol
L53SEME Y39eaBg sdsEo LoBJoMy 33b3wgds domvyddo. dmdagzol shg9b69dwgdo Mdbodgbywrms
Lodo®mg9emb bobodoMmmbmgol. Fsaow0ms©, BMmmdo ob 8-9 13-0s s Bobgza® Lssmdos. m3xsbggdMb
390056098007, 953 BE3Z9L, HmamO3 306EH0696EHOL Bos BE3sL, 593l 653w gdo BHWMHdMEBEHMdS. (3005
dmobl dbmwmE 303wmbymho Bgdmddggdol d90mbggzsdo. LodbMgo s LodbMgor-sdmbsgegmols
Jo69gdol 8mgdggds bdgemsdms BE30L (303wmbgdl 3538060 gds. SEHWBE03MMO Fo3wmbgdo
0f393L L3Ol JoMoLs S BHIWMGdOL Fobghsl, MMIgdoE LodsMM3gEMl bsdoMmadl dwog@o
99900l 99939md0m 50f9396. 8530 Bzl BLZIOMO LodsMMNZYEML Lobs30MMLME bs3dom@ MTss.
bgob Bb3gOL fgowrdzgds HIwogBo BoOMNMZEYDS HY3IBOM WS IWHYIOOM, CMIWIBOE YIS
d06005©0 IE0bsMHol HgrsdoMmer Hgmdgddo §ows0sh. Br30lL BL3gMol Mgwogndo sGob dgwao,
30b630bgbGH o Ggarxo, Brgol smHo. Logs®mzgeml LsbsdoMmgdo  FomBmoygbowos gofom,
B96G0M3560 BmErol Labom. Br30L G939M9@w)Ms Lado®mzgguml 853 Bwgsd0, bobsdoMmab 60 30-
ol sdMmMH9B0m, VNG00 9-sb 11 Mo MLsdry BgMHygmdl (LsdbGIPOom), bmm BOHOCMITMOm
30 3060dom, fiyaol Gg939Me@Ms 0bMEIds 19,4-0056 20,7 3MobsdEg. LogoGmzgwml B30
B30l bobsdoMmmbg Lsdmswm GHgddghs@dmes 4-7  0°C-0s, 0gwwoldo - 22-23 ° C; bsbsdodm bemero
2309m0MBg35 Mbgo bsgrgdoom. goblozmm®gdom f3odosbos 3mebgmol LsdbGgmo bsfowo, Lowsg
4m3z9fcon®a 2500 33-Bg 990 boergdo dmeol. Beowmgmdo qb 3sB3969d9wo doMEgds 1650
90-096  (396@®omme  bofoewdo) 1400 89-0y (Rsogwom) BMEowm - ©iLEgwgmo boffowo).
Lodo®omgzgamb bobsdo®mm 4gmBmOHBMEMA0sHY OE o3¢ gbol sbgbL Mgyombol 150-8g dobstny
(83069 8obsMggdol Bsmgwom). domeosbo Gwom®o Fgbszso 50 3. 30-0s. Lodo®omggeml
A9IN0GMO00b B350 Bog0bgds I0bstadol 16%. 350> mGoLss dE0bsmggdo - 3H0go, 3ME™MO,
9637960, Gombo, bmdo, byxgLs, bBo@obgdo, FmOmbo ©o IMogsgo Ubgs 8goMg  dobsty.
Logomzggermdo 439wobg fyswnbgo dobsdgs Gombo, mooglo dobsdyg, MHmIgewog doosbso
L5doOM39IXML BHIOOGHMM0sDg Bogobgds. dobo Loa®dg 327 30, s7Bol goGmmdo 13400 33. 30-0o.
60ombol 99939mdom Fog 3500, Ym39wHirrowMo®, OEO MoMmEIbmdom dysmo Bsdmbswgbo dgwol,
653 §9eofodo, Lsdmswme, 4,7 doombo Gmbass.

J3909 bogrgdgdo: Fe, Mn, Cu, Zn, Cr, V, Ni, Pb, Mo - 306396&®s30900 20bmdowos 1993-1995
Begddo, glzgewo Bowgdgdol 186 60dMdby ©o330M3900m, G@Igwms bobxgdo IO
Lodo®mggeml 89egol sMs0®mds 50 gddo (3-15 8 Loe®dol os3sBmbT0).

508mBgboe0 3OOl ads@gdomo obmagzs gabbmMaogews (Fe, Al, Cu, Zn, Cr, As, Ba o
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Pb) 2000 gl [19, 23, 24, 25]. B30L 75 Loy« 170 60dwdo Fga®m3zs Jmgwo LadsGmzggwml
A9IO0GHMOH05%Bg, 10-0s6 1500 39E® 509 LEPMTOL O0s3sDMbT0. BmMbsEgdgdo TgxsdgdvEros GbModo
4.

3bHowo 4. @om®bgdol 3mbigbE®MaEos (833 / ) Lads®mgzgewmb 8genol d3g@s baengdgddo:

Cr Mn Cu In As Pb
1993-1995
806/85db 10/1300 | 700/9300 | 40/900 | 60/300 | - 7.0-48
Lodomdeom 215 1937 50 136 - 17.7
2000
806/85db 40/700 - 20/325 | 60/260 | 5.0/95 | 7.0-50
Lodomdeom 81 - 81 102 15 20

L30gngbdols s Mmool - Cu (325 83y / ¢) s Zn (260 33 / ) - Fsoo 3mbEgbGH®Mo30g00
50dmBbs 3905 boengdgddo, 8obstg FmMmbol TgloMmegmab, Madm Mds LowMdgydby, M3,
dMEmEobs s 9M™M3060L Lsdmm  bofo®dmgdoEsb gomsgzolwBwgdMwo Badhgbgdol dgogyos.
099900l MHga0mbgddo, LbodoMmm3zgerml bLyBEZHOL MFMsErM LosbEIMgal s 9FoMOL BHIMOEGHMMOSDY,
Jomnmemo Lgd@HmMol Gomawgddo, BMowmgmom, qb 3sB3969dgeo G930 gdwYE0s.  3merbgmols
QdEMdOL §goerd39ds BgMEOL Bagrgdgddo Cu @ ZnN mobsd®Mo@ 5G0L 3obsfowgdmeo s dgMHygmdl
20-q5b 45-00g (bodroeom: 30 33y / ) Cu- Lo s 62-@sb 170-8¢0 (Lsdwoem: 110 33 / ) Bb.

©5M0dbsbo: IMOTHLIGOL MomEgbmds 5F5MHOL MgROMBAd0, MMM BLIGHWE boergdgddo, Cu
5 Zn- 0L 39650 gdol 565ma0mMm0s. EsM0odbabo, Gmymta Lvyewgowmo Jobgdmowgdol bafowo,
b3zsdo Bogoobgds Lbgs Joerdmgoww® gwgdgb@gdmeb gMmo@, LodsMmgzggwmbs ©s mwGggomol
Losdom M90mbgd0EL. JMHMTo: gb FgEHOEP0 36309650MS A9IBFoEGdMwO 39005 Bowrgdgddo. ogo
dOMOMIOIQ IROM3S B3J30LFYs-brliols Hgaombol Bogngdgddo, doduodsgrw®o 3mb3gbEH®sEo0m,
700 339 / g 8000bs09g00L Bogdzolfiyeols o Ba@obgdol glEnes® e Mgaombgddo. JOHmIoL JoM0mMEO
990339900 dmdo  BobgMoegdo  (BoabgBodo,  dom@o@o,  doMmdlgbo)  960s6.  doGomswo
09050996md0ol 339690 Tobgdols Jobgdol Famdmdddbgwo dobgMowgdo 3o (dsboew@gdo,
3bgb0GHI00, 3MOHR0MOGHIV0, GHMBRIS0, GMBOL dMYHIO0 ©s 5.0.) Mgaombol dzoMg dobsmggdol
©bFsMHgd0m bggd0sb Fog BL3zsdo (3mOmEolfigswo, bogzolliyswo, Bmemdo, bs@ebgdo, Lmxnls)
[20]. L3oengbdols s MMOOLYSE 2oblbgsggdom, JMMBoL EsaMM3gds BMBIBIMmOZ0, oD Ol 5O
M0l 053939060900 M08 BMOMIMAJD dmddggdslbmsb. 1995 s 2000 Fergddo Lobxgdol
296Lbg53905, J0MH009, LOWMTIGIOOL Lb3sMBL ©Y35300MHYDS.

AY309: (Y305 0650Ms© bsforgdm®s dmgee LodsOmzgwml dgegby. dsgdbodsgr@o
306395@®o305 56 50gda@gdmes 50 833/9-U, d0bodserm®o ogm 7 833/9, beagrm Lsdmsem JsG oo
990 x3900Lm3z0L bydrewm ogm 18 333/9, M55 50WMdGOZ BBl Fggbsdsdgds. 1990-0sbo Fangdol
95 396H0mEoL 900093 LOEVE0S 96 TgE3Wows.

056M0wd0: d5M0MTol Towsro 8993390 MdS §39s 65¢gdgddo JoMm0MIIE BOJLOMIdYEOS
Lodo®mggaml d9angol bobsdo®m Bbmbsdo. dodbodserm®o 3mb3gb@®aogos (0,1-0,2% -0l gatywgddo)
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©05530gLoMEs 30bsty FmMmbol Fgloligergusdyg, dom+wdsdg. dolo Jobsfowgds s 3s380Mmdwo
04 3560G9dOL - LodbMHgo 35339B00L 3ME0TYEHOYMHO BgbgdOL 3OIMPIIGHYdMB, HMIgeog dobsty
FOHmbds B3z580 4950E0s. 35M0ToL IFMHM3GdS IR0JLOMES s3MINZg Fobstyg 306E®0Tols
qugatrmen  bogrgdgdodo  (0,05-0,1%). sbogergom  Lodo®mgzggeml  Lsbsdomm  Moombgddo Badmgbos
0500300  dEOIMHO MObol  BobgMowrgdol (3gMdmE  3FgMmeo@EId0) 899339wo  FgGEdmMEo
3900 FoMdmbogdbgdo. Fglbodwrgdgwos, ®mI gl GgMoygbmero  dobos  A98OEOES
Bq0mblgbgdeo  dobgMogdom, Moz  blbol  dsMowdol dgodgdom  domow  990339WMDSL
LobodoMmby.

3065:  05MMmgdol  LsbsdoOm  Mgyuombo,  MMIgeoE  dEIdIMIMIL  3mOmEolfiywrol,
Bodgobfigarols, 306@®08ol, bo@obgdols s Lbrgliol 8moamedo, sdmoMBgmms ®30bol domswro
9993339md00m (> 11%). gl 90bsMYgd0 STOHMBID 5F565-NOHOSWIOL 539300 LOLEIIOL olvgEgm
30NMOL ©5 Br3zsdo s@IMbygemwo Fomgmwo ggMol Jgddol 3MMmEMIBHIOL 5@MYd96. 3060
Qowowo 899339 mds 13538060905 3v9d BobgMogdl (BogabyBodo, 8sg30 Bo3s @o 5.8.) [21, 22]. 5
M90mbdo H3060L Fomoro 899(3390rMmds ©ogdmbgzs JMmdol dowoer 899(339wrmdsl, Mo3 Fs0d LaghHomm
0956009 00990000905, 3MWbgmol dEmdol bsBzmgddo, §gyswdzgds 3gMEMdOL bogmgdgdodo
63060l 99933390 Mds 033 dMES 3% -sb 5% -0¢g.

056996v930: 65¢gdg0do 9obsmg FMmbosb -3mwbgmsdg Mn asbsfogds 3Mod@BHozmwso
9O350HM3560 0gm s d3MBIRGOZ30 Fmbol mMbol Gemero oym 0,07 - ©sb 0,27% -0y, LsdswmE 30
- 0,13%. gb mby 9gqbodadgds Mn 3mbiEgbEMmoE0sL 9FoM0ols s Mool LsbsdoMm bmbol Fomgero
3960L 605sd0. BoBobgdLs s LBRLOL FE0bsMggdL ImGmOL 53 B30l boswsol Lolidy JoduodswrmE@mos
Q5 299tbsg60 BL3990 y39w By 0bBHIBLOWGs. Lrygliol bgmdol RHowmgmom, bsgrgdgddo Mn- ol
9903390Mds  9BHO3MmdM035 d50bom©s 0,93% -0y, Lsdmswme 0,25% -0g. opo bezsdo oo
9mEwemdoo 99803008 3obsmy Gombol Fywmmgdol bafowszgdom. 1950-80-056 §ergddo dobo®ols
Bofoeszgddo Mn- ol 899339mds 5,0-5,9% -bs, beagom 8. Gombol RHowmgo 996535006 sbermls
90090509 bogngdqddo 5,0-14,8% -U dosemfios. 1995 gl 3o 899306 0.3% -900g. Hombol a58mbaggbols
Mn-o0m 8993060905 9930009905 F0500HOL Ladmm JoMbbol Loddosbmdol T9dE0MgdLlmSE.

Jo®omEo Bgergol sHgsgo

LodbMgm-50dmbogrge 8530  BO30L  BMM3EsbdBHmbol  doMIMHZ5BgMM3bdOL  33¢g3s
990MMwo  ogm. 1955-1957 Geogdol bgermbeogdgo  gobol  dmboggdgdo  (sboowo 6.10)
0000mgd9b 153390 BVMM3EWsbdBHMBOL dBoMAsLBY, M3 osbermgdoom 100-150 Ay 3d. 3-00 Bgs 25
9 396580, Loosbsg 70-80% 4obogbmo-bogbomol mzggddo offe®dmgdms. Fsmdmgdol bHol
3990, BHHMB03M0o D3 sbdGHmbol bodMmsgzerg s dBomdsby, HMIIEWOE F0MHOMSEIP FOMEMHBMST,
30393M@50 5 3EoEMmEgMsd 99Jadbal, mOXIO 450BsM©s, Foasd obobo 9J399gdsMgdM©BI6 o
Heoom®  35M0s3090L  (Bsb. 6.20). 1995 - 2002 §eogddo, N. scintillans-ob oo dom@osbo
Bmm3e6dGHmbol domdslisdo 8993oMws 50% -sb 5% -0¢y.

1949 fieolomgol, bLyBEzsm 93mEmaools s 90g3BgMdOL Ladgsbogmm oblGodw®o (MEFRI)
5 LadoMmzgganml 0993b3FgMHol Lsdgzboghm 333900 MMH0Y6EH0MJOME0 0gm 0635BoGmO Labgmdgdols
396550 gdol dmbo@mmobyby. 58 dmbs3gdgdol msbsbdsw, Modsbsl dgdmIMsd Ostrea edulis dsMogol
03390060 9993060985 25800305, Mg osbEmgd0m 30 35650 gwyeolbdmdl 1 gmiEboe bsdsbfizby.
1950 fiewol dmbo3gdgdds 30093 MRGM 63965 Mo3sbsl 860836gcmgsbo  a53MEgEgds  dogeo
Lodo®m3zgeml  bobsdoMm  fgargdol  aslfigmog. o35k dm3gzs ULbgs 3mIghEomwo  dmelzgdol
399306905, M50 M535658 LoIMogwg 0BMEYds.

1978-1979  Ggddo  9obodg  FJmOmbol  d0sdmgddo  swdmbBgbowo  odbs  sboewo
m3mOGMbOLEHNMWO Lobgmds, HMIYLWOE oGO3 Boosl Cunearca- b HJmgzsbl s GOl Bemds
oym - 1,0-2,5 b3 s 6-8 L. 0g0 FBLOINMNOHIOOM MbZoss 65300l s9Bdo, bowag 1978-80 fergddo
9000b 993MHM390wgdO 3MBEN©s. 9075050 Cunearca MJmgzgsbs BoOMME SGOL J93MOEFIWIONEO
Lodomggeml  fyergddo  (ymadshodg, 2005). demgrm 396Mom@do, 39Mdme, 2003-2004 Feogddo,
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09600mbMGO 98900l 3302935 BoBOM®S LyBMbMMS®, LodoMMzgeml LEbsdoMmmb  golfigdog 16
Lo Mol ImboGHM®obaoL Lsdmswagdom (sbGowo 8.7). 53 9odm33wg3908s 5BmsBobal sbogro
90MGH03MOM0 Lobgmdgdo - Anadara inaequuivalvis s Mnemiopsis leidyi, sbggg, fobs 9mbsigdgdmsb
390056090300, ©sx0JLoMEs 360936903560 (330 gdPR0  BMMBGPBEHML  BoMIMOZoERIOM367dsT0
(3mdshsdg & Bogdsdsgody, 2005; Bogsdsgody, 2005). isgodbo®gdmmo 65 B53OMBMdYEMMLEGO
Lobgmdo@ob 27 ogym dmeomlzo (41%), 18 30dmUbsoMbo (28%), 20 3meobgds (31%). BmmdIEEHMU
LobgMdgdOL M35 BgMHM36905 s 0 0sbo LOIMOZEY do05b (335¢gdEO OYm MYYOMBoEMES© S
LgBMbMBo. Yzgems 98 XAMBoL  Lobgmdol  IMegzoexgmm3zbgds, 1990 Fgwmsb dgsmgdom,
230BOHOOWO0s.

1.2.6 35M930L 9y MdsMxMds 0MHJg00L LsbsdoMmmby

365GM@ool  Lobgwom  36mdowo  MWMJgool  doMomMsEO  BHIMOGHMMOs sH05d0s, brenm
0OMOHMO 0G930, HMIGEog 39460l E0sbo BIMOEGHMOO0L, ssbmgdom, 3% -U FoMdmay bl -
936m3590. J394b60l ©odosdos 56356, beagrm bEHeddMmEo - MOEILO Joesdo. ssbEmgdom, 80
300mbo 50530560 3bM3zMMIL MYMHJg0rdo. dmerm s0fEgEgdol 9O - IMH00 Y39¢aDBY 3M0GH0IIE
dmggbs, 0lYMO3g 3OOGHOIMNWSE, MMAMOE  JmbobErgmdol  Mom©YbmdolL  35EHLEHMMBO
3539055, 003505 FmbobeErgmdol olmdMOZ30 Foalbergds LMEBEGdoEIL Jowsdgddo. mMdgmol
3530 B30l Labs3doMM Jowadgdo s oMM IE0bsmggdo 658396900 OIYMTsBY 9.

45°0'0"N= P=45°00"N

Kirklareli
.

Coruh R.

®Artvin

Kaslan‘onu

Filyos S.

Giresun Trabzon

40°0'0"N- P=40°00"N
0 50100 200
TURKEY Lttt |Km

1 1 1
30°00°E 35°00°E 40°00°E

©003M535 9. 9530 B30l Lsbs3oMH™ Josdgdo s doMomao dobstggdo (Bat et al., 2018)

bobm3o

2015 §ierol 8ymdstgmdom, Lobm3do 204,133 530560 3bmgmMdL. 2014 ol 9o Ly
Ambobegbg  6s®BbgdOL  Lodmom  GomEgbmds dgoygbos 1,41 33/353%9 ©wgdo, bmem
04960303560 656BIHJOOL BomMEIbmds 57,592 FHmbal - Fowofswdo.

6oy

2015 Geol 8amdstgmdom, HGoBgl Inbabagmdol MomEgbmds 328.979 50056l Tgoagbl.
2014 gl B56BgBIdOL LdrsEm Momgbmds ogm 0,97 33 / 353%g ©®gdo, bmemm 39boEodsw®o
656BgBIdOL Mom©gbmds 78,516 BHmbs / Fgwofswdo.

BMs30bmbo
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2015 fiewol 3ymdstgmdom, Imbsbergmds 89sagbws 768 417 5s8056L. 2014 fgel gMHo
b dmbobergbg bs®Bgbgdol Lodwsmm GomEabmds ogm 0,67 33 / 3530 LTG0 ©s FgMHM3gdwIEO
09603035 M0 BsMhgbIdOL Hom@gbmds 3o 186,260 BHmbs / Hgwrofiodo.

306Mglbo

2015 Herol 9mbogdgdom, dmbobargmdols Mom@gbmds d9sagbos 428 686 s©osdosbl. 2014
9l gMo Lyew dmbobergbg 3w9bogodscw®o bsmBgbgdol Lsdrsmm Mom@gbmds oym 1,12 39 /
9030560 ©Mgdo s FgaMmgzgdwyeo 3603035 Mo BsMBgbdol Mom©gbmds 30 112 929 Fmbs /

fowofjodo.

MY
2015 fiewol 3ymdstgmdom, Imbobergmds 728 949 58056l dgoagbs. 2014 gl gho

b dembobangBg 6s6BgbgdOL Lodrswm Mom@gbmds oym 0,8 39 / 353%Bg ©®Y, bmerm dwbogodswrw®o
Bo6B96gd0L Momgbmds 3o 186 064 BHmbs / fgwrofodo.

bsdbmbo

2015 §eools damBa®gmdom, dmbobergmds 895090 1,279,884 353L. 2014 gl gMo by
Ibobergbg bs®Bgbgdol Lodmowm MomEgbmds ogm 0,93 33 / 356%9 Y, bmeem dMbogodswy®o
656B36980L Mom©gbmds 30 G95gbs 369 816 BHMbsL / Fowrofswdo.

33U Go0mbvy

2015 fiewols 9mbsigdgdom, dmbobergmds 8goagbos 372 633 5@530s6L. 2014 b g6 byew
dbobergBg 6s®hBBIBOL Lodrpoem MomEgbmds oym 1, 72 33 / 5980560 ©®gdo ©s Fgadmggdwyeo
04960303560 656Bg6JOOL BomEabmds 129 901 BHmbs / fgwofsdo.

BmbymEszo
2015 Heool dmbsigdgdom, dmbsbergmds 8gsaqbos 595 707 5@s9006L. 2014 Fgals, g6 by

dbobergBg 656RI6gdOL Lsdwgsem GsMmEbmds ogm 1,21 33 / 3530 ©®9do, bmwm Jga®mggdwyeo
0496030350 65OBY6JOOL MomEabmds 30 183 989 BHmbs / {gwofsdo.

056 @60

2015 Gewols dmbo3gdgd0m, Imbobergmds 8gsa9bos 190 708 5058056, 2014 foaol g6Hod by
dlobegBg BoMBIBIBOL Lodrgsem MomEgbmds ogm 1.3 33 / 3530 ©®9do, bmem Jga®mgadwyeo
09960303560 656BIHIBOL BomEIbmds 30 - 41 393 BHmbs / fawoffsdo.

1535600

2015 fierol Imbsgdgdom, dmbsbengmds 895039bs 953,181 5@s80s6L. 2014 9l 5@590s6%
656BgbIdOL LYo MoMEYbMds 0gm 1 33 / 580560 ®gdo s FYaMMZdEo FboEO3sEMo
65MB969d0L Momgbmds 3o 339 826 BHmbs / Pawbg.

Joxsgeo

2015 Geool 8mbsggdgdom, dmbabargmds oym 1,780,055 s@sdosbo. 2014 Ggwl, 9o Loy
dboberg®g  Bo®BgbgdolL  LsdMsm  MomEgbmds gopgbos 0,91 33 / 356%9 ©gdo, bmem
996030350 656BI6JOOL BomEIbmds 30 573,414 BHmbsL / Fgwoffawdo.

bEsddmero
2015 fewol Bmbs3gdgdoom, dmbobergmds 8goagbs 14 657 434 5058056L. 2014 fgemb

53056%g  BoMBbgdoL  Lodmowm  GomEgbmds oym ©egdo 1, 16 33 / s@sdosbo, bemeom
996030350 656BI6JOOL BomEIbmds 6,064,688 EHmbs / Forofsdo.
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Average_waste per person (kg/km?)
TURKEY ® o67-08
@ os1-1
@ 101-13

@ -0

Population

168,370 - 204,133
[ 204,134 - 595,707
595,708 - 953,181

o 100 200 Km I 953,182 - 1.780,055
N 1.780.056 - 14,657 434

0030535 10. 0v)MJgool Bog30Bw30L30MHYMOL TbabErgMdOLS s BaMBgBIdOL dEYMIoMYMdS
(B8mB5390900 50qdw9@0os TURKSTAT- @0b, 2016 dcmboggdoms Boghgdol Go3s Bat et al., 2018)

0530 Be30L ©sd0bdMMHYdOL domdmbodmMobyo

353 Dgsl bobgzco sbOHEo s bdoGMo Fywol gobsbergdols bgwo 3gd3dgdo g3l, dsb o6
293L olgmogg 299(3960 FglsdeErgdarmds, MMYMOE Mos M3956990L. 8530 BE3s dlmaeromdo drsdy
yemol  gMm-9Mm0 MEoEIbo bLEBIOHMS, JYGHOMBOMIDST, LodMIN39w™ EBO6AMHYdSD 03390Ms©
39999569L5 BLZ0L 93mboLEYGs (B50Eg30 s 8595930, 1997; Booigz0, 2008). Fywol asbsbengdol byero
39930L godm, To30 Br3s obLO3MMGOOm ©339W0s IBOBIMMYPOOLYD, TBOBIM@MYIIdOL
©Oo3MM3900L  2oMs, bYds  IAMOOMYDSE.  LodMghzgwrm  od0bAMGdsT,  goblo3Mmegdom
d0b5M9qd0s, Lsdom IMgH3germdsd s LadMgfzgerm bsMhgbadol 25gMsd, oo Bosbo dosygbs
69300mb60L  dg4oxgg 93mLoLEGIN. 06IMMYDs, MmymOE fgbo, LmEoMEgds SBoMMImygbmwm
39B03mdd™6, BogMed Mrym® dcmddggdl gl fyeol 3ocmgdmbyg, dslido Jzbmz®mgdo domEHOLmMZzoL? B3
D3590 BoGotgdgends 250m33e9390035 563965, ™A 5MHYd0D Tog Br35do Bogobgds 3065e0Bsi0s,
33M9m39 LadMafizgeom Fyemgdo, IEobs®ggdol sbdstadom (Bakan and Blyukgungor, 2000; Bakan and
Ozkog, 2007; Altas and Biyiikgiingér, 2007; Bat et al., 2009). fymols sd0BINMIdOL doBgBs©
390005 Bo0mZ5emL HMyMM3 500530560l Lgd0s6Mmds, HMIGEOE 396M339FOWIE “YSMYMBOMSQ
20Lobgds gomgdmbyg, sLg3g - MLOsdM3bm 65330l Bo®Bgbgd0, HMAgEms LL5dMsEgd0m FEObIMYgd0 S
B3900 JodoOmHo o MO0 BoMBY6gd0m B0bIMM©Yd0sE. 5OLYdMBL BMagoo bgsalibgs Labol
©d06dMMgds,  OMIwgdog  (33¢0L  fywol  93mbolEIIol  Lsgbmg®mgdger  3mEgbEoswl.
393M0gdoLM30L fgwol godmyggbgds 330l Fywolb FHgddgmo@mmol, mdow fgowl 3o bsgagdo
9620500 543L, 300009 - 303L, M3 Fywol MmMY60BTGOL 3BrIMdEgIsl Jdbol. 5356 Fgodergds sbg3g
00mgdgomb fgwol gmabowo mmasbobdgdol bogmabwol 3ozwby, H®IgEms H73HMEYYI30Ewmds
5 8931900L 3530L9d9M9d9B0 3ga39MsEH MOl bBHoTws3E0sHYs edm3ogdwwmo (Bat et al., 2018).

Jo@bbgdds 990dEgds ©osdedmb Jodow®mo Ba®Bgbgdo, Fg335wmb fywol pH s spMgogg
906960 990500996mds. Fo®58 dE0bsMggddo sd0bIMMmYOOL JoMm0msEO Fystm Lotgsbo @
M6 656BY6Id0, BHMIgeroi dsbdo Lsdobom s Lsdgm®mbgm 39bser0boE00E bggds. dsgo
B30 Yy39wsBg 000 3FIBMO Fgwol Imdomaggds BOHOowmgom Lsbs3oMmMEb dmbs (dBmMobmgs s
Lbggdo, 2005). 8obsty ©wbso, b33m0 ©s bgLEMO doMomoEo dEobsmggdos, G@IMgdog o3
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B35d0 Bo9g0bgds, s ImMOL b0 439wsHY OO s35d0BAMMHGdgos. 93MM30L J39ybgdosb
099650l 096 495GB00 Bo®PBYbgd0 s T5369 BO3m0gMHgd9d0, HMBEgdo BEobstggdoo Bsgobyds
MLy s 365060l o3 BE3580, do0sb O GMEL sLMKEIdL Fs30 bBrgol wommbgdom
©5006d9Mg050 (03930 s Fodsg30, 1997; Booigzo, 2008).

2°00°E 35°00°E 40°00°E
1 1 1

N i o A\ Amount of N.PK used on plants (ton)

e v I No data
, : 0-3,140
Z "\ 3.441-11,709

—— S ot I 14,710 - 27,866
45°00°N | S e I 27,867 - 42,802

= = \ I 42,803 - 60,617
I 60,618 - 536,702
I 536,703 - 10,719,400

I 10,719,401 - 15,355,000

TURKEY

0 100 200 Km
N P

056535 11. 389630v0 LLwydol IMbIsMPPOL MomEgbmdgdo (N, P o K 83gbstrgme Ls3zqd
60300096M905%9) MO0l bsbsdoMMgdby [mbs3gagdo 5®IBOME0s FoMYIml oEZ0Ls S
2Od560Bo300L LsFoboLEMM©B (CSB, 2016)] (M35 s0gdwywos Bat et al., 2018) preluata din Bat si
colab., 2018)

MO0 ©sd0bdNMHGdoL MIMszMglo 989G L339005, Mo 0393l 9336030 03390537000,
209(3960bLs s B5gEHIM0GOOL MOMPIBMBOL FobMOL, HMIW GO0 565AMIOID MMHYSBME Tolioensls.
b bybodzsobg ¥93Ms® 9@ FobydoL 0ygbgdl, H96adsOL ©Mby J390YDs s 6oL S
39dqos d0mEGHOL 3030930900l IbIMIEOFIMS 560500l OO FMMBM3boEgdom. JoMOMSO
00006569900, H™Imgdos Sbg 3dogs d0bdMMEIds 93 3Hom, 3039w Mogdo 33wol 53 (3bgao
§96GH0gd0l LEOMIEGHMOL o3 BE3sdo BoE0bgdoLLl. LobEIdol Bdowsblo 0356Mygds ©S MBROM
33M36Md0sMg Bombs JMgds. Loymxsgbmgz®mgdm 3sbswroboool ©sds@gdomo gigddo 0ol fFywol
963050006 ©gR0EOEHOL BOS. MIMOEMboLEMWOo Lobgmdgdor IMgwsEss Lbggdol bobxbyg.
MO sd0bdNMHIOoL OO F9gR0s OLBdSEIBLOL Fgddbs goMgdmdo, Go3 33wol dslido
dbmgMgdo bobgmdgdol 3mb63MmbGHW LEHGMLL, obg MMI Ms8gbody Lobgmds godMgE L.
59602500, Ym3gm30L bgds 3500FsGHOL Labgmdgdol IMmsgsxgM™mzbgdol 89d;306M90s, MMEaLsg
bgds ©sd0bdMMmYds. Bombol dg3geol Tglobgd 9(3303g0MEgdsms 1dg@gLMmds 33630 Jds dgbmMz6
09609039000, 3006500056 MEYBoBIGOO SBg3g 033WYd0H Lofmeby Bowrgdol GHodol dobgwgzom,
Lo FoMms 000MmgMwo 9390 G030l 6odmdol smgds Bgdolidoge fodGHowdo (Bat et al., 2018). Lsbwgom
930LoLEIL LoggMmbg 9dwdMads Bog3mMdOL O3MOUL, LogmassbmzMgdm, bmgwol dgwMbymdols s
LsdM9H3gem bsMBgbIdOL 2obsaMgdol, 39LEH0E0IdOL, ™Mdowo fywol s ddodg dg@Eowgdol
d0qdwwo Bosbol asdm. BEgs 339 0O bsbos Fsbobowgds, Gmym®E »doMm bogoglbsytgwo,
Mg doa 9053056l Ggmdros 39agsmml dogero 0530L0 Bsgegzo 08 GFIgbom, @I ol god@gds. sl
9900093, 53 8530 B30l Lobs3oMmMBY Tmbobergmds go0DoMS, 3boo by, OGMI BEZLL oM

999dos yzgs Bogzol sm3z0lgds, M3 003930 Mo03sM (33eowgdgdl dog bwgsdo (Bat et al.,
2018).
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1.2.7 3560980l 90 m3s6M9mds deas®gomob LabsdoMmgdby

MM gm0 LETBOYN-50TMBEZzMgo g3MM3oLs s B3 3bgmOl Bobggzst3Mbd ol LsdbGgm-
50dmbogmgo  boffoamdo  9gdaMgmdl, dsgo B30l LsbsdoOmmby. ROEOMImom  guoBLIMYds
HMmB0bgml, sls3zgmOm - LgMdgMLs s PMOWMYo 85390MbosL, LEdbMHYo0m - LadgMIbgmLy s
0O gL, 50830 30 - Gog3 BL3sL. BOLOEIMgm LoBPZsMmO B03Y39ds AE0bsY NMBIOL, Jogmsd
LoEOLEHYMSTEY. BdMWAMIN0 FEO0IM0s FE0bsMYIB0m, Boa®sd B0bstg MBIl goMs, olbobo
9m3mge o fiyarol 6o350lL 300y Momgbmdsl 89o3agl. bowrgdqdol  Lodwgewm  Herom®o
omEabmdss - 670 89; boewrgdgdo MBGM VIS EIOWMDT0, G9EoMIOOm Toowro 30 - dmsdo.
439wy Moo MH9a0Mmbos EMdGWYLS IBMBOL EVWMIOL BHOEIM-503mbsgwgm bsfoero (450
03), beagom 439webg dg@o baewgdo dmeol dobstg mymbiBol Bgos bymdsdo, bz B¢ 3sbgmols
009030 (2293 83). dsMHgo0oL 30 Br3ob Lsbsdommb dmeosbo boyMdg - 378 30-05 s BOHOWwMgm
9563903006 LsdbMgmol dobstyg Mybm3aLze0g 3MIYELEGds. 5 IM35¢0  BHYOHOLEGHWO
396@®0s (Boewozmgs-cowdmdo®mgs, 2020 §.). dmags®gmols s Mdobgmol Lsbmzmgdl dmGob,
ool gzgamsby BPOowmge dmbs33gmdo  doMomoss 3080560 bobsdoHmgdo s IMoZz5wo
Lobodo®m Gdss, 999009y 30 LoTswg 0DBMEIDS, MY LEbsZoMmM 3530350 35303ML gL, 70 0
LOToOEOL 39MGHOIFWMMO 3 JJO00. d3EBROIOLS o Yog35Mmbol Jobermds, 30MJ30L Jerm3sb
LobodoMmbg, bob  bgmdgdos. Lsbsdomm  3MOMOE  sedgbsls s mgdml  J30d900L oM dgdm
WbEAsBGHO0s, 035830Mm© Jodmbodnmmo dghygdlododo HBmbgdom. 35MBsL LsdbMgmoo LbsbsdoMHm
B0 oMM GYoobos, goblo3Mm®mgd0m godmmbgmeos 3sdhosl doMbE Mo bo3Mdowrols
sQ309MH0  AMdgo  3mMmdgdo. 9dobgl  3mbgbom LMwmads Bdognzsbgmol dms, ol ymxl
0 5M9m0L T30 B30l Lubsdommb BMHowmam s bEdbMIm Boforgdl. LsdbMgo Imbs3zgml ogdal
BoONM O 3MIJO 309900, 30 YMggBoms s LvM399d0m. bETBOHID dMEIYIGgOL To30
b30L y39ws 3996dm@o 9gdscmgmdlL Lodbmgo LabsdoMmbyg: {Bobs sbslELs, Fdobws 3oHozmbo,
§d0obs 03969, §dobos 3g@My s Mo, J30805b LBs3oMMIIL dyeRSMHJNOL LsbodoMm bmenols 34%
39305. M0 Y3z9wabg 360d369wm3z560 gmmgs 3oMBIL ymMg BOHLOoWwmgmom ©s ddgslol Yoy
LodbG@gmom, olbobo Y39wa®) ©0EOs dMERIMIMoL 8sgo begol Lobsdommby (mbBgzo s
3965358930, 2004). d9ep569000b H03096M5L MMO MEOoEILO Jsesdo s BMaz5M0 LaBLIom 3MMEHJO0S
396065 (Looom dglsdg J399obs) o dmMyslio (Looom Tgmmby J399sbs). FoMbs T GdMYMBL
Lobs3oMmlb  bOowmgm  Bsfoerdo,  bmwm  dmERslo  BEgdsMgmdl  LsdbGmgom  Labsdommbyg
(https://www.nationalgeographic.org/media/red-riviera/).

3530 B30L g bsfoedo 8 gdscg dwyeys®gomol sgo Bez0l LsbsdoMmmby I dsMgMdL
378 30 Log®dolL ULobsdoMm bmeo, ULoosbsg 140 30 78 3ogl vFoMsgl. 262 Lobgwdfomm
09960303503 BH06 14 Lsbs3oMmm Bmbsdo dEIDIMHINBL. dYERsMJo0l 8530 B30l LabsdoMm Bmbs
§o68ma9bL  J399460L  BHgMoB™m®ool 5,21% -U @ o 9HOWMdGO30 dcmbobewgmdol 8,85% -oo
QILIbERRMEo ( smabalbo @s bEHebBggo, 2006, 2007). smsbslids s LEGBRgzds (2006 o 2007)
50bodbals, MM Lobsdo®mm Bmbos, MMIgwoa FoMmdmaygbl LybEzsML BLZsL s bdgurgol TmMob, sGol
doewbg ©0bsdogMMo s FMmIbmdosM]  BHIMOGMEM0s, JEOEIMO FMIZ5wxgMM3560 dBbgdMHO30
MgbOLYdom.  Lsbsdomm  bmerdo  FmbobEIgmMdOL  MHomEIbmdoL  BOHEPOL  Asdm IR
“)HdB0DBOE00L, 06BOILEHMMIBHMOOL, LoG@mbLdmm@m bolEgdol gobzomsmgdol 3MmEglbgdo, o3
5OHYMB0MS© Imddggdl s 5BJoMmgdl goMgdml sdOBIMMGIOL, 3500EIBHJOOL IRMIIGOOLS S
©53560330L, 93DoMmdOL  25sTgBHJOOLS S Lobs3omm BmIgool sH0sbgdol 3MmEqLgdL. sbglq
535370000 HOLI-BOJBHMMOS dmwm [ergddo FoduloMmgdMwo GHMMOLEHIOOL MoMmEbmdol BME
0 SMmMOoL Fo30 B30l LsbsdoMmmby. oo MIgEIL, MM IEYMsEMdOL IbMOZ, LEBs3oMHM BMbs sGOL
doeBg ©9(339¢00 Fofoll BoMm™dO, GHMOoDBIoL odm FmTo@gomwo dmbsbErgmdol JogyMomMmgds
05O LEBISOMHM DML 30093 MROM TgEo bEAoTMMYdOL Fobsdyg 5ygbgdl. dowbgsgzs 0dobs,
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03 GHOHOoHBIoL BOEO s BBs30MHMGIOL 4563050MGds 253653 93mbMB0IME LaGRygdgwl 0fj393L, ol
239JOmdom  gdmgmHgds 0MEgoMgool  dogo  Bezol  3s00Fs@L,  dh356g  Logbigls s
00MIM5350RIOHMZbGOsL (s005bsLo o LbBBRg30, 2007).

7|Locator map of the Bulgarian Black municipalities]

eas yoelg

Legend
[ Coastal municipalities
[ Noncoastal municipalities

©003M505 12. dEasMgmol 8530 BL30L 396030350 B0 (5056sL0Ls s bBBRgz0, 2006 §.)

B0 30, ©HEMGO0m, 7,2 J0wombo 5©sd0sbo 3bmgmMdL (Bowrozmgse-dmIot™mags,
2020). 9b6oMM3Mygbmaro dmddggdgdo 960d369mmasb aogwgbsl obgbl fywol Rm®MIomgdsbyY.
30006M@9d603MmM0 ©s 30OHMTYOMMOEG0MEO MB0YIBHYd0 33¢0L Fywol Bsdmbogbl, 035390L s
0b5bogl Yol o Mom@gbmdsl Mbgbsergdosbmdols MM, 4osbabwe fgsewro 30 dmyz069300m
20900yg698s Lolidgers, 9egd@Emmgbgdaoobomgol, botfiysgs, LsdMgfzgurm dobbgdolbmagol s bbg ,
"Studen Kladenets”, "Ivaylovgrad”, "Belmeken”, "Al. Stamboliyski "o bbgs 5896@s dmEgscnmdo
(390B3mgzs s Lbg., 2020). 3635000 §ystmb Bogobgds Brmyogtom deobs®gdo Bsdmbegbl s fyarol
65m©abmdsL  360d3690m3bo (33¢0L.  SBOM3Mygbmmo  dsgargbs, doMomoo®, bgyoGoMEos.
50603699005, M3 Fgeol ©odobdMMgds doMomss© bgds LadMgfzgerm ywol, dobyMow@o
Lobiwydgool, 3gbEH0E0Id0L, 3gbstgms s BoMEMPOMEMO (3301 3OMEYYIEBHJOOL  Gmdlozwdo
603009M909000; LogmBsabmzMadMm Bsdobstg 0mvy bbgs Hywmado (3geoh3mgs ©o Ubg., 2020).
39woB3mzs s Ubggdo. (2020 §.)) sbggg 90wmomgdl, G®I dERSMIMTo I0bsMgadl dzoMg
0950899360900 SEPOWGOO 593m. doe3sbgmol dmgdl Fmeol dgdedg 330Mg GHIMOGHMMOooL Idmby
939996sL 9ol LsB3zMgdo  Fs30D030B30M9NMB s  BI0DY, gagMLol  B3zLMb  g3L.
906509900l 6535000 dysmgm8o 303560005 Mo Bsdmbogbo sBol, 39Mdm, dsg0 bBrzoLs
©o  93gmbobgab. §ysedndzmgoo smHgdobs s dobsmggdol oo MomEgbmds Togo bwzol
§95c089836090 9By dmol, J3gybols 57% -om, BHBoGMGool dbmewmo oMy bsfowbyg - 12%-bg,
9mgobgds  dobstgqdo, MmIgwos 30MEs3oM dog Bezsdo Rsgobgds. Fsgo brgol smBol
90650900l oo bBofjoeo  @MBsndo  Bogobgds. domo MAgEgLmds LEMGgE  dEYsMgmOL
9000656 g005: GHM3mEr™m39gE0, 3m0b0d3s, 30dMwo, 5RO, 1L3MIos, Wmdo, 3F0dMOES, MYMLES,
13530, 03O0, 3030, Mbdo, 0sbGHMs, HLYBLZ0. sSOLYGIMOL ModE)bodg OO dEObsMY3, GMIWIdOS
30603060 dog Brzsdo Bogobgds: ds@m3zs, 399h0s, ©3m0boEs, 35doolzs, S0GHMUZs, LMIWLIE3Y,
339300035, OM3MAEH0m, ©053MmL3y, 391935 s MIHBM3LIS. 9agmMbol smBL F093mmM369ds FoMo3s,
LEHONDs, BgLES, M, MYBds @S om0 J9b53509d0. 0Lobo J399460L BHIHOEHMMOooL 43% -l M9Bs79d96
(39e0B3m3s s bbg., 2020 §.). 396300l 8530 D30l ©sd0bdwMHYds weolbdmdl dobstggdol,
0603035 MM0 ©s LEdMYH39E™ FYsOmMgdoL, LemgErol IgMbgmdol s bbgs FysHmgdol bgswalbgs
390mbogbadl  (©obggzs, 2011). obggzs (2011)) dMwastgool o3 bozsdo Bsgobgds olbgmo
00006569900, GreymMoEss: 399R0s, dobaMy s3gwmo, dobsdy dsG™zs, dEobsmy osgmEl3s,
©3m306039, 80bstg 3ox0olgs, 396osh Fobstg MgHmaL3s, dobsmy GMIME0Mm s dobstmg
39939, dEReMgmado, Yymgzgweon®e, 300300 fyswdo Bsgoobgds 1.2 30 3; LobsdoMm #Hdgddo
585350 350mbogbols Log®omm xsdos 1.8 38 3. ymggwficwomms dmoblibgds 0,5 30 3-0g @ SMG
OOHMbIds (xomdzowo, 2002). ©obgzsd (2011) sBggbs, M3 80bsMggdol bHmmo gsdmbswgbo
dgoMgmol 8s3 Bw3zsdo 1998 s 2005 iergdl dm®ob 556,35 x 106 9 3 2994,75 x 106 3 3-oo;
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0603369000356 Geagols sbi¥yergdl dobadyg 300R0s, dob doge Fyarolb gsdmymgzol dskggbgdgewro 179,29
x 106 @ 3 -1475,28 x 106 3 3 IM0bSs. RO 5Tobs, dYEYsMHJ0do Fog0 B30l Fyowgsdymaol bbgs
do0m5©0 d0bsMggd0 56056 d0bsty MxbmaLIs s BE0bsty 391935, Tglodsdols, dsdmbswgbo
248,69 x 106 3 3 geo-1 s 577,49 x 106 3 3 Ggero -1 2003 s 2005 Fergdl ImGob.

doe0ob 0O  3OHMdEgdss 9F30sM0  Fgwol bosGolbol  gowgotgligds  LodMghggem s
Loymxzo3bmzmgdm Bsdobstmg fiyagdol a0635Ma30L 358m (39w0h3mas s bbg., 2020). ggaobzmgs ©s
bbggoo. (2020 §.) gb B0mmomgdl 085%y, MHmd d0bsmggdol oo bafowo deog sd0bdmMdmEos
slobEgdmmo  3m64@gdol  Bsdobsty fymgdoom o 39bseoBogool  fymagdom. IMgH3gemds
439wsbg 99Bo© 5006399MHGRL Fyswb, dmwosbo ©sd0bdMgdol @ssbemgdom 86% LfimMgwo dsbbg
dmob. IM9H390mdol BgdGHMM9do Y39waby ©sdsd06dMMgdgwo 0bMLGHM0gd0s, Jomysb Jodonme,
3906mdodon® @ Mgbobol  IMH3gmdIB) momgdol 74% OdmolL. obobo sbgzg  dwog®
Q500bdNMgdMos  FgBowMEools s MBOWMdO  Josrol  0bLG®oom.  3mIborM-
LoymxzoEbmzmgdm bogdosbmdol BsOHO™OO0MO oo, FmEsd Esd0bdMMmYdsdo dbmewme 3,2%-09,
bemgeol 399@MBbgmdols s d396gdeMdol, @asbEMmgdom - 1%. sbg3g 360d3bgemgbs sd0bdMEMmIBL
9@ gdL Legerols 8gmEBgmdOL Loddosbmds. sd0EIMMYds 30MsEJL® BoGMIEJO0m, LMERBEHIdOMD
©o  Jrm®ogdom bgds, Mog LolmaEm-Lsdgm®bgm bogo®amwgdol JobgMowrMmo  Lobiwydgdols
36550093350 2obogmn09Hgdol s Lobbsgo Bofjol 3Mmb3MEMEO FoMMBYPIOL  5MSLE3ITSMOLO
dmmfiyzob d99305. §goels s BsBobsty Fyagdl 360d6gwmgbs s00bdmGmgdL dggbmggugmdol
39M900. 5939, 60BIMEMYBOL oo 583969890 Mmool 08 FEobsMggdbBY, HMIEgdOE 53 Brgsdo
©99650L o3om R390b698056. dEobsMol fysero sd0EIMMGBMWOos 39bEHMIMMmO 930IM30L Moyo
Q©O0EO ILELEGdJBdOL Bsdobaty [ywgdom. Fsmo sdobIMMYdOL doHomso Jobgbo sGlEms
fgoao, obstrxmmo bsf3930, Bs30Md0 s B300MB3MMPYIBHJ00s, MMIgwos dobstyg wbsodo
00360905 (390h3mgzs s bbg., 2020). Grmym®i ©obgzsd (2011) s@bodbs, momddol m@mdmao foawos,
M3 053 Bezsdo Bsdsgoeo dobadgado Yol oo Mom©gbmdoo 0bprl@momwo bs@bgbom
530606909, 65053 d60d369wmzs60 Bosbo Tosggbs Lobsdo®mm g3mLoLEGHYIsl. Gogo Bm3s 333
439wy 3M3MWMo  GHMGMoLEGHWIo  ©EsB0dEMEgdoL  sEYHOWos  sbermdEgdstyg  J39ybgddo,
2306LO3MIMGBOm  dMERSMgmTdo. 5J39 owobodbs, MMI 53 3Mmboom 860dz6gmgsbo  Lszombos
230005500300 500L 58396900l Fo@gds, MMYmOE 5058056900Ls s Lodmbgwol, sbggg - goboby o
65300mB0U, 39B300L D306, gb 3965536900 oMM IEI® G9B3IMYPO00 BHMIBLEMOEHOMPYPDS. MBOM
3930, §egdol 3563s3emdsdo Jowliogbgd by oo Lsddgbgdenm bodwdsmgdo Fa@dmgdos (obggs,
2011). xomdgowds (2002) 50b08bs, HMI dMEasGgmol dobs®ggdo ssbermgdom 450000 9 3
A30Omb 5509096 Go3 BL35d0. 59 IGHZ0OMZ0L Moo Baffocno oMy bsfows39d0l Bmdss, dsmo
oMo dg@glb 5000-100000 3 3 GBdS Lsbsdodm bmedo s Jbol 3¢oggdl. dwbgdMOg 30MmMdYdTO
0 sMmol 8obsMggdl Bpgedo Bssgzor 850000 8 3 bogrgdo. Bs0Eg3ds o 8sdsgzds (1997)
5060369L, GMA 39MH6SL gl Mga0mbo, MmdgErog dog BL3sl BOHOEM-ologeg00@sb JLaBOZMYDS,
QO 2535650 b gbl JolBy MBSOL Fyamolis M) sy MdMoz0 Bsdobstg Fywagdol 8gdzgmdom.
9ol mOas6wmmo  @©od0bAHGBOL  boGolbol  dglogsligdws®  ©obggsd (2011) 0d 3996900l
000m70d0M0 7563050l Fmmbmzbogdols dsh39690gd0 Fgosts, Mmdgrgdog FsgobrzoldoMgmols
ombdo gdsmgmdgb. 933935M0 (2011) ymEoEEgdsly 53sb30egdl 08s%gy, MM dobstggdol
3930m 8530 B30l MEOYBMWo EdOBANMId gsdMf39mw0s BobaMy Ebsom - 75% , M3GS0bol,
Hbgmol, MMdgmol, HGydobgmol, LoJsGmzgEmbs s dEysMgmOL BEobs®ggdol Fowo 1% -0wsb
6% -00099, d9ERsMHgool dE0bstggdol 1%, dobsty br3Mol sBgzgbgdgwo 30 - 5%. Bomdgsdos, Hma
mM5699000 ©d06IMMGOS Lo sggl 00gdl 30bsMYId0wIL s LyAbsM FoMYIMPIB. dMEASGgMOL Tog
begsdo  3obsMygdom  ©d0bIMGMgds domgodom®mo  sbadsol  dmmbmgbol  360d3bgwmdgdom
0DM3gds s 9geygemdL 2000 @& Ferosb 1-sb 7158 ¢ fan-1-00g, dobstg 359B0sl Foero 608 § -1
5 4146 ¢ §-1 Bmcob (1998-2005 fergdo (©obggs, 2011). ma®m 3gGhog, dmas®gmol 853 bwgsdo
M6 dbbgowo dobsggdol dogH ©sd0bdmmadol dsBgzgbgdgwo, domdodowmo sbdsOl
9bM03, 531600 B3E0bsMHY Os3mEL3LS 3 tyr-1 s BEobstyg 39wa3zgzol 1040 tyr-1, dmbaggdgd by
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1998-2005 ergddo (obggs, 2011).

933633035305 86003690wmz560  99M99mMLisE30m0  Lo3gombos, Moyh fywol bomolbols
23099569900l OML BMME0JEEYds ©d FoMTmMmoagbl gHm-ghom 360036 m3s6 bgerolidyddurgem
3ogBH™OL 930Mm39w mbyBg fyawol Bsbm oMgd@ogom (2000/60 / EC) 300m0mgdrwo bsGolbol
d0Bbgd0L Jobomfgzo0. 59 3MMEgLbds 9g0degds gsdmofjzoml fywob gs6adsol adzgomgds. 1s33900
603000969090000 25000EMYds BMWBMOOLS S SDBMEOL bogMmgdol TgBHo Momgbmdom bgds.
©0bg350 (2011) ohggbs, GMI dege@gool obstggdol dogm dog bBEzsdo sbmEols
mOHOMBMLGBIEO0L BOLRMOHOL JEosbo Gam@gbmds 5 885 & N farowsb 1-©sb 5098 ¢ N fiersdog s
65 @& P fawodog 1-00b 1141 ¢ P Gewodog 1 (1998-2005 §engddo), dobstrg 3s9bosl dsgsomByg - 520
t Nyr-13278 t N yr-1 s 36-0056 222 t p yr-1. ©obggsd (2011) sbgzg, dobo mddom, 8dodg dg@swwgdo
0o gmol 8o3 Brgsdo MIgEgblios 8obstyg 359P0sL 2o3wom Bsg0bgds, Moash dobo
do@osbo Cd, Zn, Pb @s Cu as8mbogbo 10 ¢ §-1, 125 ¢ §-1-0090, Tgbadedobo, 118 ¢ §-1 o 44 ¢
§-1, 2003 Heroqob 2005 §ersdg. d@wastgmol dsg Bwzsdo dobsmggdols dogH Bo@ebowo bsgmmdols
3096 65HJoOfiysEdsEgdoL  odmymgol dshgzgbgdgmos - 458 ¢ fawsdg 1, dobsdgy 39wg3sL
259mbsgbo 116 ¢ fewsdg 1, bewm dobstg Hgbmglzs - 50 ¢ fersdpg 1 2004-2005 Fengddo
(000bggs, 2011). ©0bg353 (2011) @osi3gbs, MM dMEYSMINOL Fo30 BPZOL FOMOMOE J3MEIMYOIE)
Log3Mbgl FoMmBMoygbl 25(dgbogo 96 9655009335@ MM ©sd8s3909wo Bsd0bsty fywgdo,
930MMxg035300 (1133900  6030gMHFOJOOL  FoMd0),  JodorEmo  EodOBIMGMGds  (HmJbogmGo
6030009650 900U), bs3mMdOL 03, LEbMGBEIM-bodgMBEgM bgdosbmds, Laldgdo, 3oMwEYzol doge
Qo00bdNMgds; o139 - d69dM0Z0 MMPBMo Lolivydgdol 8gddbs o odmygbgds, s3GHMIMdOEGdOL
GHOBLIMOEH0MJOs s goMo bsBIBJOOL ©)356Mmbm obsaM@gds.

Jodomco ©d0bImMgds

LoBRg398 s bbgs 89360gM9dds (2010) Bgobfiagargl ddody dgEowgdols (Cd, Mn, Fe, Cu s
Pb) 5 3m@wodwmtomhgdmwo doggbowgdol (PCB) 6Gom@gbmds  dwgemastgmol ds30  bogol
Lobs3ommby, L3335 Po3M0Ygbgl WMBX0 Mg3BoL 3Mbmmzsbo Jumgowo (Pomatomus saltatrix) .
2004 §e00@ob dmymegdveo, Pb s Cd 603998980 39005 B03s0L J398mm oym. 6 3060L ©mbgd 30, mGo
Heool 20635300mds80, 439webg oo Bgsml doswfos. (6.51 83y / ¢-sb 7.06 33y / 3-dg). PCB-
900 65303605 2004 ool dogdbodsere®o mbol yzges 608w8do (Z PCB- gdo = 9,1 9y / 33 36Gm©wyd@o0).
59 mOH0bmdem®obgdol mby LsdsBobm dmbszgdgdmsb s®ol 8gsMgdmwo. 93mE®ILOZMEMA0MMO
035mbsHOobom, 8dodg  TgBHowgdols @S FMWOJLMmOOMIPMwo  doBgborgdol  BogMmgdol
30639639305 F9050M900m Lyxms s IBOEIMMYPOOLYD IEWE oMM sbobagl. 3939398 s bb3s
993boghgdds (2018) dgobfsgangl  3meodwmmomgdmmo  doggbowol  3mbagbggdol (PCB) s
696Jam®mobol  3guBogogdol (DDT s dobo dg@EHedmeEo@gdo) MomEgbmds Eobygd mgzbdo
(Pomatomus saltatrix), qotpdo (Belone belone), sprat (Engraulis encrasicholus ponticus) o
doogd%y (Mytilus galloprovincialis) s B@30L dom@mdbobgdo dvwasHgmol 8s30 BrzoL LabadoMml
90©090d0. oo 50dMsBobal, G@I [-PCB- gd0ol Lsdrsem ©mby 6,78 by / ¢ Lggw 3@ - b GmMob
996ygmd©s ©s 16,33 by / g L.@. (gbodsdobo, gsMdmgzo s wmxo m9zbo). I-PCB- gdol xsdo
F9lfogaro B30l 30MmEdEgddo 56 50gdsEHgdm©s 93MMm353806M0L ToduodoE e EMbIl, LyBrgzsm
000mEMJL067900 30, 565e0BYOOL M65HTo, 50TMBIBOL B3O BY 0gm. LE6HY350 s bbgs FgEbogMgdds
(2013 5) 996LsBO3Mg s Fgostgl Pb, Cd, As s HE mbggdo Ls339d Jumgomgddo s bog®obgg®o
Mugil cephalus-ob 7963980 Gog0 B30l MMO oblb3s39do MBBOWIL - oMbl FHdS s Bglgdo®o.
™m6039 09300606 Lobxgdds 153390 Jumzowdo EsMOdHsEOL »gMM Tsmoo 3MbEgbEHMsEos 5B396s,
3000609 ©MmOEEs, oblogmMgd0m bglgds®ol Mgaombowsb (1,1 y / 33 GHgbosbmdsbyg). Lbgs ddodg
9930w gdol 99093900 MOTLIEDY MedYbXIMTY VS0 s S0dmbBgbogos 0,01 - ©sb 0,12 3y /
33 - 809 LZIwo 3. sMOTLIBOL oGS, Y3gws Tgbfsgerowr gergdgbdl MBOM dorso @®BY 533L
39MbL BB, 30006 BgligHBSGOL MYRoMbol 60IMAgdL. LBbBYZ53 s bbggdds (2013 d) dgoLfogzergl
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93009 dg@omgdol (Pb, Cd, Hg s As) 890339@mds dvengo@gmol 8s30Bm30b30H9m80 dm3mzgdw,
3009630ve© 36033690 m3560 mg3Hol mMo Lobgmdol Ls33gd bsffowdo - gbgbos - Sprattus sprattus
@5 Neogobius melanostomus. 850 508msBobgls, Gmd Cd o Pb Gom@gbmds 890sMHgd0m @adI0d
6039 LobgMdsdo, bmem As 306396GMSE00LmMZ0L WM™ Fomswo 360dzbgwmds 5Jgb sprat- i. Hg
mqgbmds sprat s goby-ob 608939080 U39 bgdoIMHME MBYIHYs 50sB0sBOL L3390 M93b9dT0.
Pb, Cd, Hg s As ombgbg L3GsEdo dgoagbs dgbsdsdobse 0,08 + 0,02, 0,005 + 0,001, 0,73 + 0,05
s 0,12 2 0,02 3y / 33 Lgge 3¢., Ggbadsdolbo. gmddo Pb, Cd, Hg @ As @mbol gLadsdobo
9900099605 0 0,03 + 0,01, 0,006 + 0,001, 0,66 + 0,05 s 0,05 + 0,01 3y / 33 Lggew 3@., FgbodsToLSO.
9900939005 9B39bs, MmI mMogg glHogerowo  Lobgmds MLogO®MbMS  omo  IMbTsMgdOLMZ0L.
79005H 33085 o Lbggds (2018 §.) Bgobfiagemgly 33039 erommbgdol 3mB63g6G®agos doogddo (Mytilus
galloprovincialis) s -U dobggom, 8530 BEZ0L 35MBL YMO9do s Jo83LgL, MBI WOEO
L530IOMIGOOL F0bsdg L 530560, FoEYdTo  LsdreErMmBYy Jowow Mbybg oym Jsdowmdo (0,280
dy / 33), 9999y dmolb @yzos (0,251 9y / 33) s dgm3mco (0,017 9y / 33). Rapana venosa-U
6001989080 Y39e9D) OO BH3MEIbMBdOm 350F0wdo s50dmBbs (1,113 3y / 33), Mobog Im3yzs BYz0o
(0,045 3y / 33) ©s IgM3mMo (0,034 9y / 33). BOILOMEO 5@50sbgdOLMZ0L, 3063 58 3OM©YIEIOL
dmobdogb, a00mdgqybs s 899mdsgs Ym39e330M9o  Lobmdodm MmBgdo, mv GModwgbo
MMxzol dogdss MboxgMmbm X sBIGMIEMdOlmZoL. bsdobby LsdodMmgdol 3mgzoE0gbEoLs @
Ls80dOMgdOL 0bgJuol gzgws B5B396909wo J39dmo dmggdmeos 1-%g. M. galloprovincialis s R.
venosa- b dmbdo®gds 8530 Bmgol 35Mbol gwegsb o6 FoMdmowagbl GmdLbogm® MollL BeMILGWo
50059056900l K% 96dOMgEMdOLMZ0L, Moysb o6 903zl BHY309L, Jodowdl s dgMIM®UL.

LBHobRY390 o Lbggdds (2014) dgoLfiogargl 5 93%0, GMAgEoE dYEYIGImOL Jog brgzsdo,
3960M, 35MBsLy s dMMgdo d0BOOMBL s 458mM033¢0gL, Fgogogl mvy M Fomo 13390s©
399mbayggbgdgeo bm®zo 8dodg 3g@sagdl (Cd, Ni, Cr, As, Hg Cu, Fe, Mn, Pb s Zn) - gb o93%9d00 -
Pomatomus saltatrix, Mugil cephalus, Trachurus mediterraneus ponticus, Alosa pontica s Sprattus
sprattus suli nus. 503mAB@o, HMI GOTHIBOL GoMEIbMds IMA0E Ol 985 boL 153390 bofowdo
09300 39305, 300M9 XBIGMYEMdOL LEBOEHO omgoeobfiobgdl (1.1 + 0.1 3y / 33).
Ls35309MMm, Lbgs g@owgdol Hg, Zn, Fe s Pb dsgosb 8goMg Gom@abmds ogoduotms. 0g3bol
439 LobgmdSdo OO MomEIbmdOm sdMAbEs ZNn s Fe. g53mbszeolol qots, Fgufegeroeo
ddodg d9BHowgdolb 3mb3gbEHMmaEos dolawgdo ogm 580560l Lozzgds.

05390™bL300 o bbggdds (2017) dgobfogengl Cd, As, Hg, Pb, Zn s Cu-ob Gomgbmds Sprattus
sprattus sulinus, Trachurus mediterraneus ponticus, Neogobius melanostromus, Alosa pontica, Atlantic
bonito (Sarda sarda), bluefish (Pomatomus saltatrix), (Mugil cephalus)-8o, Gmdgwog 8m3m3z90wwo
oym  Bgbgdo®lbs o dseBo3zdo, 8530 BL30L  BOHEOEIM-508mLsgEgo  LsbsdoMmby.  wommbol
354LodoemEo 3mb63g6GHME0S 3oBmgl Cu (1.40 3y / 33 BH9b0sbmdsBY), Zn (11 3y / 32 GH9b0sbMdBY)
@5 Pb (0.08 3y / 33 3H96056mdsBY) @5 396mm3560 Jumzgomol Jumgomgddo. 3bgbol bgmadMmool bszgznd
Bofowdo sgoduo®ms 890gao 8sBg9bgdegdo: Hg (0,12 3y / 33 Lggw fimbsbg), bmerm Atlantic
bonito-do M3o6Ma@gbo amm3gds As (1,10 3y / 33 3Hgbosbmdsbg). 33e930L 89093900 gEoMmYdwE0s
Lbgoobbgs bodgooEobm sfiglgdwyagdol doge oagbow 33900L bmMTdMH.

boBE3sm bogsgo

90bBg390 05 Lbgdds (2016) Boo@omgl Ladgsboghem asdmzgzegas, MISIS gemmdwogo 3Gmgddob
Ro6g080, 8530 BO30L LogMobm 3gHomEdo (2013 farol 22-31 s330LGHM) BOHEOW® - EILIZEWIN
9530%@30L30M9m30 3 BHMsbgdBHol obfzog - GMIobgmol, dERsMgmOLy @S MMgmol 6
300ombbyg. 299330 gMwo 3meoambgdol Gsmmmdo 1250-sb 7925 92-dg oym, Laghomm xsddo
19 855 9 2. B30l bsg30oL LodMmgEgd s obsfogdsd 3608369 m3zs60 LOZMEOMO (3OS MDS
oB396s. Lsbwgom bamBgbgdol Lod3zMogy, Lydrswm, 304-s6 20 000 Bogmsdwy / 30 2-Bg - 6359
9O»gmwo / 38 2-%g (SE = 2015). Bogogdol Gom@gbmds 899300 BO@OowmMmgmowsb LadbMgmolizgb,
0odbodsEm®o 30 MFobgmol bsbsdo®ml fob. LodFoEMMZy osbEmgdom 3-xg6 bBsgzgdo oym
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0 sMmol (9598 Logmbgero / 30 2) s ovddgomol (7956 gungdgb@o / 30 2) Hob. Lsbsdotm
650mbgddo (<40 3 bLoe®dg) B30l boazol LOIMIZWY, JOMOMIPIE, FIFOWIOOm TgBHo 0Ym, 30M]
306306966 F9ernBg. Lsd LobsdoMm dnwoymbdo, Mg3Homdbs s GHMOBIMD 35380090 wETs
L5g0056Mdsd 593565 FgmhHgm bgmo BEgol BLIIOOL OMMZYdL. LobsdoMm 50Ol Lsbrgzsm
Bo6B6900s (9234 Logmbgero / 38 2) Jgerbg LOGFOEMHMZ000 MR IO FoEssFMds J5B39BYdgwL (5603
Logmbgero / 30 2), 358mbszerolo dbmem@ dwastgmol §ob 3¢gdstg GHgMoGmMos ogm. y39wsbg
QOO MomEIbmd0m 5©0IMABEs 3eolEBTsbol Toboes, wybgo 6sdlbgMgzgoo Fgoagbos -68% -L.
33w930L 0565b3o, LEBEZoM B30 MO LEBPIom FHMIBLIMMEHOLS s 1g3HoL MYH3oL Qodm
aM™m3@q9ds (Moncheva et al., 2016).

20350030 2017 {9l Lodgmbmgabs s bgzgdol 80dgM Bo@sMgdwE sBowoBl dvgeysmgmols
3530 B30L Lbs3oMMDBY. 59 A6BMI0MHZgdTs Q8Ms3w0bgl ByEMzbmMmo dmErodgMH«yEo dolisergdols
306053 gbmds, GmIgems LodFommggs 0,0587 + 0,005 s 0,1343 0,008 gargdgb@o 8 2. Lodgmbmgsd
5 BE®3mgs0 (2019) 25939m9b Lobrgsm 656BIBJdOL Mom@gbmd®o30 Fgg3eligds dvEsMIMOL Fo30
B30l Lsbs3omHm  Bmrol AobfizMog. 0m33e93900 GIMEIdMS gmazgen bybmbby, 2015-2016
fa0gdol  06353wmdsdo, daogol Imbo@mMobaol M35 saowBy. 296oLsbE3ms M35 JoMoMIEO
3909206006 dsboes,  LEBBIGEHWwo OSPAR  dmbo@m®mobaol ®ddol Logwydzgebg. ferow®o
53Mm390s 19,805 nos. sx0dboGEs, yzgeaby 3g@Eo ogm bgemzgbr®o 3meodgvyemo Jsboergdols
390930605bMb 9393800900 BogmMgdOL  GomEgbmds - 16,690. Fom ©osY0bgL, GMI 3
39092060580 439w ©MIobsbE0 0gm Logsg@ol 653(353900 s GowGHMIdO - 4496, 535U Im3ygs
3obGsLol  BaPBgbgdo.  Bpzol  bsgzol  GHo3gdol  Hawowol  m3smbsbmolom,  BsdoMgdol
Qo00b6dNMgdsdo, MomEgbmdols s {mbol dobggzgom, y4zgwoeby dgBHo LogstgEHol bBsdfigo o
ROWGHOYd0s - 29,7%, 8900097 dmbogal Lobdgeol 3eobGdalol meglabwMmgdo / LabwmMmaggdo - 9,4%;
3eabBdsbiol Fodgdo s Fodgdob bobwyMagzgdo - 7,9% s 5.8. fmbol dobgogom, 3sdmo®Bgmes bsldgwo
dMMEgdo > 3 @, Bomo Y39wsBy oo 3OHm3bEMwo dsB39bgdgwo - 30,7%, Gsbsg dmbgaL
LogoFMm Bsbomgdo. gowo - 15,5% s Lobdgeol dmmergdo < 0,5 @ - 13,2% (bLodgmbmgs o
By zmgs, 2019).

O 9Mgmol 8530 D30l LsbsdoMmmBy I3emsgo Lsbmzsm bogzobs @s FozMMIWsLEBHOIOL
960-90m0 Bsdowm@g 330306 890989035 9B39bs, HMI fgowdo oo GMompgbmdom dmE@szo
Bog9300 (60,3-93,3 bogmbgano / 30 2). 8036:m3eabiGozn®o 3mbagb@dmsgogdo (1.14 x 104 -1.91 x 105
Logmbgeo / 30 2, 0,33-490,52 ¢ / 30 2) LodopemBy 0o 04m, 300009 Jog0 Brzol Lbgs
Bofoegddo, dowEoolb begsls s bBIgEmsdwgs begedo, mwdss gb asblbgoggds dbodzbgarm
29b@wom (d9MH™m3z0 ©s Jwsobo, 2020).

1.2.8 956(93mL 9oy mdstgmds Lmdbgomdo

bmdbgmo 33w03 o  3OHMd]dgdol Jdbol 359Mol, fywol, Boswsaol sd0bdwMgdols s
93MboLEGYIGOLmSD J0dsmrngdsdo, Gds3 Ggodergds 360dgbgarmgzsbo d3mwo@ozm®mo s g3mbmdogmmo
990093000 359mofiz0mb. dmEm 33930l Mobobds, 3sdmzombye Lmdgbms 88 3MmEgb@L doskbos,
3 bedbgeol oMgdm MMYLEIDs (BOYW0s6o s oEsdosbo, 2007). Lmdbgymol HYL3wBdEOZlL
D35BYg 2oLOLZEGE0 3G 5g3L, O FEYOIMYMBL J3MMIoLs s SHBOOL FHoXFoMIOEDY. 00, HmaMEE
bbgo 393600 43994969, 2w9AMmO0 o6 SGOL MBI MOHO 250MgImMbs330000 358mf393900L d0ToMo.
5QR0WMIM030 MJIJdo PSL olgmo bsFodMHMYdOL §obsdg, OMYMMOE BOMIMIZoRIMM3bIdOL
©53560339, 896506H030 MYlOLYdOL BTGB 398MYgbgds s JoMIIMBEIEZ000 S XIBIOMIEWMdOL
36HMdEgdgoo,  LoweModg ©s  93mboLEYIGOOL  FEyMsEmds.  Lmdbgmo  dEIdMYMOL Ty
50IMbO3gmdo, MMMHJgoLs s SBYMOIOXBL FmMol. 3g-20 Lsmzmbgdo, g3g9ybol FgmaMsgoweo
530U9099MgdgdoLy s LdFMms Lmdbgmol dogM 2s0mBgbowo Mo mdol gsdm, go@gdml
96003690m3560 3OHMdWgdgdo dggddbs. oo TmMobos  9bgMaool  asdmygbgds.  sMebgalisggaro
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39M3M0x530Mwo  dmIsMgmdol 45dm, 030 9w9dEHMHMYbgmaosl Lbgs J399bgdosb 0madl, dsyMsd
049690l domm3me 9bgMaoslisg. 1939, d5¢r0sb 360dgbgwmgsbo Lszombos bggzsbols Gds, MMIgEbsg
d3gybol  93mbmdozsdo  860dzbgrmzsbo  saowo  MFoMsgl. ©0Mmwnl,  GYggdol  gobgbgs
Lmdbgmobm3gol  doseosd  860dzbgwrmgsbo  Lsgombos, sz 0f3g3t bggdol o393 s bob
Bo30gdmdsl.  dombgsgs  sdols, 9608369035605  5006086ML, GMI  gzgws 3  Lsgoombdo
0603006H 3530910 GH9dbmemyos Ggodwgds LoloMagdemi 0gml s 853693, Toa®ed b goblo3Mm®mgd0m
m350bsBobms  9bgMyg@ozol byd@Bm®mdo, Losi doMm3MEo 9bgkyoss. 9bgtgos 360dzbgarmgsbo
M90S, HMIYGOE Y390 J399obol LFoMgds, 458mbs3zwolo séE bmdbgmos. sdolomsb, 3bgdMHoz0
MH9bmELYdOL  bo3argdmdol  asdm, g9MMoR0Eo  3EYdIMYMINEID  QodmBobatyg, dsb OO
50m©gbmdol  9bgMyool  Tgddbs o6  Fgmderos.  Lmdbgmo  ggMEbmds  Bogmmdl,  HmIgeros
LodoMM39XMPB O 9BYMHBS0K 60D Bogfm©gds (Y45BM0sb0). 5Tolsb,d0Mmmzwo  9bgMAOL
d9L5gdbgas ol Jabol 9bgMHaosl LEdFMmms 3o380MmOL EMMObEYO doOHMZMWo Jegd@OMMbIEYMOOL,
39020mM0L  5GHMINOHO  9gegdBHOMbOAMMOL A58myqbgdom. Moomad@ow®mmMdol gsdm, LHmMgo gu
0fi393L 3936 93MMR0H 3609

300093 900 439wobg 3608369wmz560 93mEmyommo Lsggdmbyg sMoL Lggsbo GHds, Moyb
dobo 9dudems@oEool 3sh3969dgeds MPowwgl Bodbmarl dosefjos. Fangdol gobdsgzermdsdo, 13560l
3oL fgoero 10bdMMEOIdM©s, Jobo M3mEIbmds 30 F30MHEIdMs. gu Jodmfzgmeos 0doo, G™I
LodFMm 3930060l 39MH0Mm©To U GHdS godmoygbgdms 30MmMgbgMagE03Mwo 9bgcpool dobomgds,
0L 990939053 GHOOL ImELEMds 890306005, 5956 0O Fogegbs dmsabobs Lrgwols IgmMbmdsby,
5056 93960l BHd0L fgods ©o03wm s LMy 5dob o8, Fd3oMEs GHOOL TMEwEMdS.
3OLgdMo fywol dg030mgdoLy s 530560l JoghH d0BIMMYdOL bBOom, GHdBY bobhybgdol
239005g4MH0m, GHO0L d0MIMIZoBIHM3ZbgdS3 I0MHMZs (193560l BHds). MBOM s MBMM F9a30MHs
9ol 30bsMgdol MamEgbmds. dombgsgs 0dols, MmI gl Lsgombo dsewbg 360dzbgemasbos,
0936035 3009359, Toa5w0Mo ,35¢dobols IMFg69d53 s GHOOL Fyawrol godmygbgdsd, Ggbodergdgero
39b0s BHdOLMZ0L 30603560 dEYMTMYIMIOL BdMBYdS, Mdzs GBS dgodergds bs3dsme Lbsdodo
0ymbl, oyb ol  sd06AMHYdME0s.  GYJadol ©IBoEoGo  bmdbgmdo ghm-ghmo  §sdyzsb0
93MMR0OH0 3OMITos, MoEsd gl 0fj393L bggdol 9di306M9dsl, Tob Lofzeg G98s yodmoygbgdgb.
&Y9900L 25Bgbgs Logsbasdm 3Hgddom 0bBMmEIds, MosE BHYggdol o330l LBOTMOZOHMIM M oE030L
3M5MLYOMBS S 93mbMT03MMo TMYgdol LwyM30o 5dgHYAL 3MM3MGHE0dL, MMdErgdoa by - GYoom
5306565 LoMGOWMdIE (BYggdol ©356mbm ImFMs o 356mbm FMHgd0o). EYgadol gohgbgs dsgrosb
3600369035605, Moyob gls 5odbagl Mglvy@LgdOL Bogergdmdsls bmdbgmTdo s M) bygdo 030D,
d g0 93994565 565 TBMEWMO Bl EoZoMR3L, 96539 XBIMMYE AsMgdml, bosg bggdo gbgMyools
§9go6mHms. bmdbgmo 0936 bbgs goMgdmLs30m 3MMdEGTsl 2496030, G353 Fodmofiz0s dbgdMoz30
M9LmOLYdOL, LogmEbeobs s 9bgMyool o35MY3s. FoaMsd 439w s O LEgMmbl doobi gbgMaos
390393L, M50 0a0 094gbgdl dodmzm 9gbgMyosl, o3 Fgodwrgds Lsdodo ogmlb  Lmdbgomol
dmbobegmdobmzgob. 193960l Adob 050063900l bstobbo °00©393L 939960l

00MmIM5350x39MMm3690sL5E. bggdol ©3956mbm FMHol 9ggas© J399obs 39636 BHYggdol o bafols
o, 99Lsd530Ls, 3603369wmgsb MYLMEOLL LoFoHMYPAL BsFMSMT0, o> SEFIZS®.

93MMP09MH0 Ls3ombado:
1.) ®Ygg00L asBgbgs
2.) 9ol ©sd0obdmmgds: 193560l GHds dOBAMMIIMEOos J0803oGHIO0m
3.) 30Mm3Mwo boyMgdo: doMMZMEds  boyMadds Tgodegds LsdOBANMMME  359M0 s
000050509 BHgOOGHMM0qd0, 129 0LOBO 56 5005 LomsbsEME WHEWMWO s TJNZOWYMMIMOOL J390.

Lmdbgmol AsMmgdm 9(39390 ©BOBINMHES LLdFMMS 39M0MET0. LHdFMMS Bs3MMdST ddodg
06@@MLEHMOo0L 396300056905 FoLOMMO© oYM gL LdFMms 39g0MTo. mwdizs oo bbol

3968530wmd530 MygdgymnEbgb 59 0bEMLEMOYB0m A50MIIME J3MEMPOME BOoBL; Folivyero
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bo3mbol  80-006 Fergddo LLEG3-80 3ME0EHOZMOO HIRMOTJIOL  WOdIOIWODBIE0sD  F5dMmofiz00
930MP0YO0 XAYIBJI0L RMOT0MYds, HMIEgdTs3 99853Mmmgds A0BMboGIL goMgdml dymdscmgmdols
PRGIUN

50 %3I8900L Bgfmeol go0m, 1989 {eosb sobmms bmdbgmol ®sdgbody Jo@bobs,
H0Iwgdog 935300 ©d06dMMHYd0L [godm ogm. ghmo Jomysbo, MGgbobols s JodomMo Jobsbs
Boo®o@do, 1992 fgwb 3303 gooblibs. Lemdbgml LFoMEIdMEs gJu3MMEH00 Fowgdwyeo Fgdmbegswo.
93396950970 30MmIEJd0. Fombgsgs 0dols, OGmI Lmdbgmdo sdM30IOEWMdOL Jowgdol
990099 99mddgs oMgdml o330l gMmzbmewo 356mbydo, 4oMgdml oE30L ymzwroldmdsggwo
36MMAET5 O A9M98MLs33000 060305EH03900, o6 890dsggdrems s Mrym®E Halo, d0dsMomeEos
ad hoc Lsgmdzgemby.

Lmdbgool F003MMdT, SBYMOS0KBOLS @S MYMHJgol derm3ool 89dwgy, 9daLherosbo
96902930390 3O0DoLOL FsTMLTMOGOOL oBb0m, 1995 ferol dwgs Hogbgzgddo bgebas s58mJdgws
00OH™M3w)0 9egdBHMmboymo 3gfsdm®do, GmBgeos 3bgM9dIEo ogm 1988 fierowsb, AOowmgm
Lbmdbgmdo dmdbEsmo dwogho dofiolidzmol 89gas. A9MIIMLOOE3000 KAMBJOO JoMBBOL goblibal
90065000009250006, Goash gl LogMmbals «94dbols goMgdml. Lmdbgmol FmegmMds s3bsIdlL, GMI
0b0bo B 50050 IbMOME Jo®bobs, Mmamea 30 9dwgdgb gbgMAMEMLIMLIOOL SeEEIMbsEOo
0956Hmgdom Boboggagdsl. 6050l 0b@mdlozsos 30093 ghmo 3OHMdMgdss s 39bGH0E0IYOOL
©5I580JMHJO 3mbToMgdol gga0, HGmIgElsg dmbioge0sbmdol gsBMEol dobbom 0ygbgdgb. DDT-
ol 250mygbgdsd Imfsds MMymO Boooyo, sg3g dobstrggdo. J39gsbs momddol Bmerosbo
©58030090wwos 969000l 033mOGHDY.  JOmsEIOmMO TFos  96gMygBH03Mwo  MYbMGLo  sGOoL
3000MM9b96m93H030, MmIgwog MBOWb3gwymal gbgMaool Inmbmgbgdol @ssbwmgdom 30% - @
900560  5GHMINMO  GEgdBHOMLIEYMMO. 50750500 d96gdMm030 gobo HMLgmOEb dmob s
J3965b3oM0l  FoM3900L sMLGdIMWO MDMLEHO TgxsLgds Lobgwdfonm bo31MGMYdsdo sOLYdIWO
Bobdo®mol Foma®mly goblbols bLoggwdgzgaros. obsbargdao 9bgeaool Fysmmado dfocmos, o0 Hywobs
Q5 Jo60obs, Moz d90degds 36093bgwmgsbo MgLvyLgdo 0ogml dmdsgswdo. 2001 ferowsb bmdbgmdo
dofiol 7.6% -0s> 000©0Mm ©EMO  GHIOOGHMOOGOOL  BLESEGMLO. B0MIMOZoFIMM369d0L o330l
9900amdo 3gwmdgdom, Rswgbol 10 Lsbgmdsd 2001 ferosb Goowm 4ssdgbgdols 3o6Msl dgmeo
Lobgmdob bGs@wmbo.

3208580b G3LOEWYds

39339600l Mga0mbo 9339 35603EOL 30TsEHOl 33EoEgdol bLyMombBrye GgagdL, Mog “9339
sbobEos dol  Bd0MIMIZ5xgMM3b69d35DY, 33w oEos  Yobmwolbs ©s  omgwol  bagrgdol
50m©gbmdsG, M3 do0sb O BYRs3wgbsl FmobEbl 30dsE By odm30 IO 93mbMT035BY3.
0Mbgdsby  gMo-gMmo  yzgeaby  93390M0  Hgdmddgogds  0dbgde  wsbdsg@Mo  bmbgdol
LoBo@Eolizgb 5f93s, B5gO0MS®, wYESBBML s BabgzMaE WdEMYBOL 50 33% FogsMmMNMZLIDS,
bmee bgdsedMo s 5¢3wmo bmbs 22% -0y 99300H@gds. dmbagrmbgwos 9obs®olb bs3s0ol
3993060905, 3mb6E0B6EGMM Hgaombgddo bowrgdgdol s Lol dgM@bgmdol dmbsgErosbmdol
399306905, 65¢9dgd0l FoBOEs, boewrgdgdo Lygsbol GHdoL Bosdmdo, saMgmzg FoEsMooly s FoMHol
0MbgdM030  A5BHIMIBEIGOOL  35VOFIGJOOL  FoBIMMgds.  Lmdbgmo,  OmIgerog  JuoBLZMYdS
L5doM39@MLS s sHYMBS0XBL, 0BGV 35335L00L MgAoMbol gMmbs s 00539 g3mLOLEHYTJOLS S
00MIM350RIMHMZbgdsl, MHMIgEoE dM35¢BIMM3bIB0m GO -9MHmMO FEO0EIMO bGBIOMS g3MM3sT0.
295L056, Mga0mbdo LobgmdgdOL gosdgbgds Logobasdm @mbgl o®fgaL. s80GHMI, SM30EGdIE0S
93MMmR0wHo daMdoMHgmdOL dmbodmmobyo, {obssmdwgy d90mbzgzs80, Lmdbgmo, Lads®mgzggumbs
©5 5HYMB0X BB MM, 39335B0MBOL Jgol gobmwol ggbol bmdOL, fywrol oMsagdol s
00MIM5350 539036900l 39030l 25dM, YEOEILO LsdodMHMAdOL Fobsdg oEYYds.

1.2.9 356730mb damdsmgmds LsdgMabgmol LsbsdoMmmgd by
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9530 B30l LobsdoMHm  bmeo  LsdbOYM-oBMBsgwge  93MM3sBY3  FoOL. 030
399mbsBO3OHWO0s g3OM30m, 565GHMEO0MS s 35335B000 S 35900bgds BIgEmTdmsBE3oL30MgmTo
3GWabGHOL m3956980, 9agmbiol Brmggdol s Lbgsslbgs bMMEJgOol 493wom. dMgMMOl LMEg dobs
056M8560Mb BzsLmb 5353800701, sMIbYEol LEME dob bIgEmsdwys Brzol gagmbiol Bwzol
920006 935380690 (LyGomo 8). gb Fywgdo godmymal s®dmMLZEgm g3eM35Ls s LM
5D0sL. 8530 Brgs sBMZOL B3zl 35300M:0gds Jg®BOL LOYBHOM.
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bmGomo 13. 6oBg969000 8530 D3, 35MTMHOEML BO3s, Jagmbol BL3s s bdgEmsds Bo3zs

bdgmsdos Bo3zs MIONEIds ©5 Yngl 93emm3sl, sHosls s 98MOIL, 3mbEH0bybEIRL,
©09530f0l Yy39es%Y 356Lb35390)w BB EIJOL. 040 dmoEsgl 2 500 000 392-b, bemwm y3z9webg
M3 FagOGHowo 5000 8-Byg dg@os. bdgemsdrys Bmgs 9Mm-90mo y39ws®g wodsHo, dEoEsMo s
9615350053960M35605. OO MgmNoLs s ELZEgmOlL boffowrgddo LsdMgfizgwm BsMhgbgdo doMsdom
be3sdo 003090, beerm LsdbMHgo LabsdoMmmbs s sdmbogwgmdo, IMs35¢0 39630056MHJOMEo
9309565 8gds6gMdL, MMIGEms Fo®mdmgdsi LEBosbms 930PMgMLmZOL.  MMBBo Bsdobotg
Yangdo 4mgzgea3s6m0 gofidgbol 3oMgdg Bogobgds Bemgsdo. Bogmmd@ebizgmado 30 @asdobdwmgdol
3390L BHm39096. ©sMbEMdWI© 094gbgdgh LomgzBom 5EHOWGDL, bemerm (3bmggEgdo, OHMYMEOOES
09M0b 393900, Br30L 3MIPo s IR0EId0, BLI0WID FoJOMBOOL GgsEmGmo LogMmbol §obsdy
©bsb. bdgemsdas Brgol aoMdgdm M350 OO Jogrodos mogolo  dbado bsdcmghggerm
Joebbgdom s gob30msMgd o Lmgeol dgwMbgmdom. Ymzgu oMo, smelmdoo Gmbs ddodg
wommbo, 3Mdogo LobmgbHo bsghmgdom dgdmmol s MMBEMEO 3565¢0BsE00m FEobstggdols
393Wom, Br358 hogobgds; 5ol F9IAd®© 30 9350090l MHobZo 00Egbs Fowswos, GMI
A™Jbo3MOHO WomMbIdO s LObMYHBYMHO J0d035GY0, 56050l b53EgdMds 5369 gdL Logmsbagls
bdgemsdas  Begol  fywol  mGysbobIgdolmzgol.  bgwmsdgs  bezgol  Lobwgsm  gbmgMgds
Loa®dbmds Tgoagoms Lobsdommgdby d3bmazMmgdo bogbol Logddosbmdom, ULfimeMao Fmbsbergmdol
60Ebgol BOHEIL 3530Mgds Lsdobsm, 0bMLEMOWMwo ©s 0bEHYBLOMMO FgMMbgmdol FoMmamgdsl
1353806 gds d0BIMMYBOL TobmdMozo s (Bat and Arici, 2018).

©55bEmgdom 480 dorombo 530560 bmgMMmdl bdgwmsdwys BuzoL svbol J399bgddo ©s
obobo ol MHYlOLIdDBY 539009096 ©YTBL. Fyswo Joarsdqddo dgdsmy Jo@bbdowsb s BIMIgd0EL
3003060 bIgumadms B35d0 49©s0L, Bmyo J0MEI30MH  bEBI30MHMIOOB BmEOL, MGy
39BHgbmdS  J0MH0MsE0o 8E065MYg00EB Brg06gds: BoErmbiowsb, goMmmMEb, GMbsLy ©s 3mEsb.
395Lmab gOHMOE, 3MBEHHMEM 093BoL FM3M39d0m0 LsFMTomgdo S  GHWIOHOLEAMO Loddosbmdss
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96500Mm98L BL30L 93mLoLEHIIGd0L ¥3969dM03 (3brMazMgdsl. 9agmbiol brgs Bosbggto obmGwwo
BEgos, MmymGE bdgemedns be3zolL Bsfowo. gagmbol begs dmogsgl momddol 214,000 30 2
BOOMBL s B30l B5gbodsewMo Loe®dg 3543 3-0s. LFMMYE ol 5GOL Foz0 BOZOLS s BIYEMSTw)S
De30L  Bs3mMdEHMBLEMOEHOL  ©50535300MJO0.  F9EIBOWZJPO  gagmlol  BE3ol  IMNsz56M0
3OMdWsd; Fgewoffodo ssbemgdom 90,000 bemdswo by®agl Job bevEggdL (Ozturk et al., 2006).
LogOdMEMOLM 25O HB039d0L  BJoMo  Fodmbzerol oM@,  9MLYdMBIL  360d3bgermgsbo
5QA0MIM030 LEBPZom Fodmbgs, BMdMsmdL M350 Bs3MMoDM 4930 S VObES. J3GHMMB3IH3E0S
9390boL BL30L gMc-9Mm0 Y39esHg MZ5wLsbobm LoxMmbgs. §goedEgbodggdols sy3039ds Fywol
96205000l BgdgE o35l 0§33l o 00Ol ymzge BoRbmls 3sgl smalimdom ™93bBLS s
bbgo mGyobobdl. 9580bsg 30, MmEaLsg BLZoL dom@GHo o6 560l obsyMMmgdmwo, bsggdb oo
953940 243L.  PyowdEgbatgqdol LodMosgmg  sbg3g  IROJLOMGOME0s  gEgaLoLoL  YyMM9gdo
LodgMdbgmdo s 0BIoMol gmmgdo mMdgodo. dmem ergdol gobdsgwrmdsdo, oBOHOWOS
969600l Imbdsergdol dshz96909w0, ImdoGgdwemos bywgmeol 8mddmggdguo Lsfs®dmgdols s
GHMBL3MOGHO0MgOOL Foge Brzolmzol doygbgdmwo Bosbol dsh3zgbgdgmois.  sbams Mm33g SGLGOMBL
9330390190900, MM Brzol 93mboLEG ol IyMIsMmYMds LogssEms @, M b (33w0gd9d0
396306009005 LB3OMMYOOL EOdOBAIMMIOOL TobMdMO30 beMom, Lsdobsm, 0bpwLEHMomwo,
AMOHOLEGHMo s 0bFIBLoMGO BgMMbymdgdoo.

LodgMHI6gm0 MOl do3oBgmMOL J394sbs LsdbEgm-50dmbogmgm 9303580, POHEOCMImOm
9LsBO3MGds 5dBI0, BOHLOWwMgm 353900Mb0s s BMWAMJ00; 503MbOZEJN0ED - MM JJmo
2396OL 536536 gagmLol B3, LadbMHgmom 3M9AGS S WodooL HBM3qd0, ILIZWIPOm - ombool brgs,
39003 93999656 0GHs00Lyb ymxl (LyMsmo 9). GmoEgmol (2007 §.) 0bgm®mdsgoom, Lsbsdomm
Jo5ggdol MmBgGaLlmds, oo BmGmOL, ©EIEIgswrsdo smgbo, FOHOMIm LsdmGOEGM Jowosdo Logmbozo
©5 393M9, LsdYMIBIMOL LsdbMgo-LIZEgo bofjoerdo, 259MMLs s 93MM30L FMgdml 330l
L5096 GHML J0gM 439Dy O 3d0BIMMYGOEGDIE M0 JoRBYMgdo Boflormdmog gofidgbowo
L5dMIH39E™ s LaymxBs3bMZOHFOM RsEObIMY HYwgdol Asdm. 8500039 (36Mmdom, 507960l Jobermds,
9gxLbobol ymemgdo Asbmsglgdrmos 1000-dg bosdMgfiggam Jodbbom, 3mMEIR0m, G30bols ©s
BEool  LodMdsmgdoms s JoMbbgdom, ©sd0bdmmgdmmwos ddodg dg@owgdom. sbgrmdsbenm
LoMmbogol  ymeg, OmIgos  ©Isdsesgol  LsdbGgom  Losbsdotmm  bsbbgs,  sbowrmyom@eo

©5006d99M9d90s LsdMYH39X™M S 30MZIWSO 393539090 ba@PBgbgdoom.

©003Mds 14. LsdgMdbgmol agmamagos (s3@mmo Captain Blood - 0s30s306039ws© 300md394bs
0bgolw® 3030390500, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=1479480)

339 06035¢00 §ga0s, ©993303gOM0s, Mmd 3ddodg dg@owgdo  GHmdbogzmMse Lsdodos.
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LsdM9P390™ s 39BsE0BoEool BoMhgbgdols Boobgds 30Mm©odo® dobsdgdo s BL3sdo MRGM
993°© BOEOL 53 HGoLL. 39930699-Fo05EMMTs s 35MBs3LOLAS (1995) BgoLfsgzerql Cd, Pb, Cr, Cu,
Zn, Mn, Ni, Co s Fe 3mbsgb@®a30ogdl 0gMdsnzmbiol gwmol Bgado@wmo boggdgdol 6odwmdgddo.
0o 2oboEbogl, M3 Pb, Cu ©s Zn ©sdobdn®mgds 9Hmo s 03039 §ysmmgdom bogds ©s gugboo:
3965€0Bs300L 2506790y, 0bEMLEMOWmOo Bmbs s dEobamy sdbombio. dsmgg dgobfsgargl (1999 §.)
00360mgegdgb@gool, 3gLEoEoEgdols s PCB- gdol ©mby mgdsogmbol gm@ol  bsengdgddo,
HIgdbgE 3o3wgbsl sHbL sbmMM3MYgbmero Imgdggdgdo. 350> 508mabobgl, GmI MmEYsEmwo
BobdoMdsol 90339wmds ogm 0,47% -sb 3,30% -0y, Fe 1,94-3,00%, Cr 121-305 ppm, Ni 60-120
ppm, Mn 460-1350 ppm, Zn 73-220 ppm, Co 14-20 ppm, Cu 17-60 ppm s Pb 20-180 ppm. PCB- gdol
LogHom 3mb3gbE®mogos 0.8-wsb 88.2 by / 3-8y oym, begrm dowosbo DDT- gdo 1.5-csb 22.8 by /
3-0009. 9&HMSBobo <0,1-@sb 0,8 by / 3-00g 0ym, LoTsHobo s sesjamo <0,1-sb 0,3 by / §-0g.
5333696, BMI OB BobBoMdol, Pb, Cu, Zn ©s Cr s60GM3magbeo @edobdmmgdol bsdo
09560 5943L, 39, 06EMLEHMOMo Bmbs, BogLoAMHFdO s Logsboswobogom bszswo (3w30bm-
Go0o©IMo s Lbg., 1999). seme3ds o sbygeroolids (2001) Fgobfsgargl d96gdcogz0 o
bmOM3MP96Mwo  wommbgdol  ggmgodos gagmbol  B3zsdo, 3JMbImer  @gbgmbol  Lsbsdo®mm
Boangdgddo. dsm  sBMsbobgl, mI  doGHowgbol  Boglboamol  dbmerm  Boargdgdo  ogm
©5006d7M9dm0 ©sv)3Ts3909o IMHBSEMo Bsdobsdy [gwgdol godmymaom. 353w00 ©
Ubgg0ds (2002) 890L§ogegl 30MHMEMY0s S 9g0539L9L LEH®OTIMb03ML gr@ol Labsdo®mm 93mboLEYas
00006569  bAHMOTMboL  BEobstol  Hywrgddo. Bowrgdgddo bsdmzbos  b65HToMfYsEdsol  Loghom
306396@®o3os 19,2 - ©sb 95,9 83y / 3 - 9y, bmem 8000560 3MEOE03WIOO SOHMIsGHNIEO
Bobdomfyswdool (PAH) 8608369comdgdo oggeogds 107,2 - sb 1019 by / @ - dg. DDT- godds
2300003w0bgl  yzgems  goblaBrgmyemo  MmMsbdwm®mobol  ggzgwoeby  dowoewo  ©mby,  begom
30M0gdm©OHomgdweo doggbowol (PCB) 3Gowo sdswo ogm. ©solizzbgl, ®mad Riverine- ol 8gy3sbo,
GHamO5 BBL, yz9ws b5gMHmMOL JoMHO0MO@O Fyotms. Ldedas@olbod s bbggdds (2002) dgobfagergl Cu,
Pb, Zn, Cr s Ni ®om©gbmds bd®odmbogmbols s 0gMobmbol gmmggdol bgosdo®wyemo bowrgdgdol
60089080. dom 5B39bgL, HMA 0gMHOL@LOL grMol Boergdgdo »g®Mm EsdobdM®gRwemos Cu, Pb s Zn-
0m, 300009 LEAH0IMBOZML yMglmsb. Pb, Zn s Cu-00 439mwsbg sd0bdMdwmo »dsbo Jo mGmogzg
94960980 5oL LE9bMBOL gmEmgdo Lodomm 1sdFomgdols EoGHZ0MMZ0L MdOYJEHOL JobErmds dEJdSMY
0960 5Y0W0. 50060365, HMA 0gBHOLML gl BMHowrm - EILEgEIm0 MHgaombo 9O - MmO
43905Bg ©s006dMMHFOMo bbsdomm g3mbolEdss s0dMLsgEgm BIYEMedwsbEzoLdomgmdo Pb s
Zn- ob dogm (Stamatis et al., 2002).

Log00Lds s Lbggdds (2002 §.) GgoLfogegl d03OMESWOIdOL 30b63gbE®ME0s Ladg®ABgmMOL
Lsbs30MmMgdOL gagmbiol Begol bgasbbzs dom@m3ol dozmmfiyegddo. Zn- ob mbgd Cladophora- Lo
s Gracilaria- 9o 9gog0bs 57,9 s 155,3 8y / 33 98Mo 3@). TgLodsdolo, 39mFMmG0Eb. 03039
9mbso39090d0 ogodom@s  Mn- ol db®mog, FsgMsd Ni s Cu - gsblbgeggdmos. 500bodbs, GMA
Loarmbogols s 30embiol LsdMgfzgum Moombgdol HBMHEs 3oBs30MHMdYOL Jansdols s LsdMgfiggum
Bo®B96gd0L FoBndslsi, mdsgswdo. mbol 3Hobdo Cu-ob sbsemyowy®a, MN-ob Bsmswo 899339 mds
50dmPBEY 0gMHTs0zmbol ym@mgdo dm3m3zgdne 60dwdgddo, Msbog g3y LEdMYFZgEm Loddosbmdol
BOHEIL 13538069096,  Logoobo s bbggdo (2002 §.) dommomgdl, GmA gb@gMgdn®daals s ¥wgsdo
Cu ©™bygd0 ©sd0bdwMHdEo MBBYd0EB 20 - ©sb 70 3y / 33 FdGW 3@ - 8] 0gm. ©s 14 - b 134
- 89, G9LsdsFLS®, 20 - sb 70 By / 3 - Ay FGSO fmbos. 4M0Bsbolds s bbggdds (1978) As, Cd,
Co, Cu, Fe, Hg, Rb, Sb, Se s Zn- ob EMboL goblsbg®ol I0Bbom, 33¢093900 BodsEMgl  gagmbols
Bo30L VOBANMHIIMWO BHINOGHMO0d0E Fm3m39dmwm MG Ls3zgd Mgz - Sargus annularis o
Gobius niger.

99900, Sargus annularis- ob 153390 Jumzomgddo As- ob gsbGowo ©mby 0dbs bsdmazbo.
9039960l baglaa™do badmzbos yzgwsbg dswowo Hg 3608369cmds, Mmymea 0,46 ppm ¢gbosbo
33. ©5 ©os13369L, GMI mGogg Saronikos- ol gMEOL s JoBHgwgbol boglboam@ol mgzbo
MLsgMmbMS 500590060l dmbds@gdolimgol (Grimanis et al., 1978). 39¢9396HGHBobAs (2013) gobfogans
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Pb, Zn, Mn, Cu, Ni, Cr combgbg limpet Patella sp. 6093900 d9a®m3@s LogMBbEHOMEM LobsdoMm
9300  (5MFHJI0S) ©5 Wommbom EBOBINMdWMEO LEBEZsM F9MJIMPB  (LEHGsGHMbO),
3903 8 MHJMdL bdgMmdEgmTo. 33930l Msbsbdsw, Patella sp- do Pb, Zn s Cu domaowo mby
©5530JLOMEs, Mo3 0lg3 s 0lY3 FoMYIMDbY Fo3bg BgIMJdgIdOL dGOW0s, 39MAM®, FJMEMYONYO-
30bgMoma0mMo 3odGHmMgdol, db6gdM030 45dEoMgdmo ddody dgdowol LLPBLEHMSGHOL AsdMm.
2b939 50060865, H@I 3609369wM3gbs Fowowos Pb, Zn s Cu mbys. Mo gbadegdgaos, 3065306
393006030  0gmb  Lobwzom  goMmgdml  sd0bIMHYdLMD, Fodlmedo Lodmm Loddosbmdol  gsdm.
X596560303900m99 5 bgmzodmd (2014) dgolfogergl LodgmAbymOL 3s35L0GH03ML YMMgEsd mgzBol
Mo Lobgmdol, 39Mdme Mullus barbatus o Pagellus erythrinus, Lbgoeol Jumgowgddo 9dody
9¢owgdol (Cr, Cu, Zn @s Cd) mby. 3500 5B3969L, ®Md Wom®bol ®by MmMozg L3390 MgzBdo
059530594MBOEGBI05.Q0d 5@030560LmZ0L LogGmbol Fgd33gwo sGss. Valavanidis (2018) dsgrosb
3@ bbob Fob g@osw®msm 399360 dmem 20 ferob 33¢09390L LadgMHIbgmTo LsBEZsm s LEbsdoMmm
Dmbgdol aom9dml sd0bdwmMmgdol dgliobgd. Jolo YgmEmsMgds 3003y®m 0d gog@ds, MHma bsdg®dbgmdo,
HIgebsg 093l @osbemgdom 18,000 38, 2569dmL ed0bdwMgdols 3583969090 Lsdwswm sb ddodgs,
53 J39yboliongol  8603369wmgsb Lo3zombls Fo@Bmoagbl. 58 dodmbowgsdo  bsodzsdos, ™A
Lodg®Mdbgool  LbsdoMm  g3mbolGgdolbs s HBL30L OGO  BHINOGHMOO0IIOL Y39wsD) OO
3OMdYIs 5GOL JOHMDBos, HMIgoL Fowo 30% - Fgoagbl.

390939560035 (2018) s©bodbs, MM LsbEzsMm EBOBANGYS odmfzgeos: 3gdol bsfzsgol
390mbsgbom, 39boE03seMo s LLdMYHzgmm Mbgzso s Yoo bsMmBIbgdOL odmdsggdguo
209mbsgbom, LabmBem-bsdg@Mbgm s Logmbom dgmMbgmdol Bsdobadyg fywgdom; mgzBsmdol
2300003560 GOM0, w3MmbEHMMEM 2obbMME0gEgdoL a3, LsBEZsm Lobgmdgdol sdmfrMz0m, mEboo
LBz OHILMOLYBOL FoYBHIO0M S LEBI3OMHMGOOL B35MFOmM. SY3g (36MdOEs, MM dsc0sb
L6035 0853 golL &wyMoBIobs s MERdB0BsE300L FH9F30 Lsbsdotmm bmbgddo s dgbsdsdols, Bp3ols
5 L365306Mmgd0L ©YRMIE00L LEROMbYE. SBY3g 90960TbMEos, MMI 35bsEoBoE0s sdOBIMMgdOL
"©0ELo fyo@ms (Valavanidis, 2018).

Lodg®Mdbgoml  sbggg  9d3l  FMOZIRIOMZB0  9GIMEWMAOMGO  3OMdWGIGOO0,  F0MHOMIWIP
099960bgmdol  3965¢0BsEool, Lmgywol Jgm@bgmdol Bsdobstg fywagdol, dMbosodsem@o s
LsdM9H3gem  656FBgbgdolL OO MIMPYEMBOm  BsbsdoMmm Bmerol s BobgzMo  obwMHmo
g6Mm9900L  200m.  A93MEIWEs  0bgm®mToz0s, Mmd  Asfdgbowo  Logsboswobosgom  Bsdobstg
9900056 ©wgdo 600-750,000 3991. 8 MM3©s GMJLogmo bogmoghgds Saronikos Gulf- do,
Loo@g d9¢0056 OO BomEgbmdoom Sn, As, Cr, Au, Hg, Ag s Zn 3560Lsbmg®s, ssbanmadom, 8-200
X9O 9GO 30006 F0IEOPsMY 5MIdOBINGIPRME bowgdgodo (Valavanidis, 2018). bsbastidom
500b0dbs, MHMI 0gHdoozmbol gwey, Jowosd Loewmbozol Tobeomdes, g3y 9Mob  bBsbgg®o
Qb0 gMg LYHOMBMEWO EIBOBIMHGOOL 3GMMdgdgdom (Valavanidis, 2018).

5boMmyoMo, 953653008 s Ubggdds (2004) sB39bgL, M3 gagBLbobol  gm9gdos
LodgMdbymdo 439w sBg oo LadMghzgerm bsgOmo, oo FmEMOL MO bogmMdYSsToTTo39d9wo
Jo0bsbs, mM0 gmmwool 0bMlBMmos, (39096GHO0L MmMo JsMbsbs s ghmo LsdGMdmErm dolagrols
0bMLEGHM05; 0O LHYMdYOO s BsgmMMBOL obsforgdol Ladwyowgdgdo, Lsdo gMmgweo Babds®o
Ladmbo  Asbogrgdol  ©s319853905, gMMO  Jomsrol  JoMbobs, dgzto  JodowMo  dMgf3gwemds,
3EobBILoL  30MmEIGHIO0L  IMGH3gEmds s IFoMIMGOG0, JoMOIMYOO S 0GP0 5B
oboymazo, sbg3zg SOLGdMBdL (Mavrakis et al., 2004). g3dgob gmeg obggg ©oBOBAINGIdMEOS
0603035 MO0  BoMPgbgdoligsb, LsdMghggwm Bsdobsdyg Fywmgdobash, dofiol astmgsbgzolbs s
3905H03900Lys6  (Valavanidis, 2018). 8godwgds omdgsl, Mmd s3d6M5303ML  gyMgl  d93G0
93MMP0OHO 3OMIds 5g3l Lemxerol 3g@bgmdol Bsdobsdyg Fywgdol gsdm. goblds®@Hgl, Gma
ALgogLo 93MEWMPOMMO 3OHMdEGIGOO0 LdYHABIMOL Lbgs 3bIMgdb3 agbzwgds (Valavanidis, 2018).

1.3 3530 Bz0L 5Bl gsdmfj393900
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3530 B30l ©sd0bIMMmIOOL 93MEMA0MMO LBEBIGHWLL bLEBEOZMZL Bgdgo Lszombgdo:
- 30MIM>35BgMHMZ6980L ©o3oMY3IS
- bLBO30MMYOOL IAMISI(300

99360965005 200mage0bgl 8530 BEZ0L Msdgbodg LgMoMbBMo 3HMdEGTs, OHMIWIdO3
053938069099105 Bb3o@olibzs Labol sdObIIMYdLMSE:

1. doe  foogddo  Jodow®o  sdobdm@gds  doBbgmmos gzgwsbg  LgBombrye
GOBLLOLIBOZOM 3OMIYToE. 55300MBOL dOBINMHGDS LogGMbgl +9ddbols Fogo Bwzol Lobsdo®mm
930LoLEYIGOL, B0bIMMIOOL EMb) DBPIIOL 393 5FoMBIPOL 3936 Lobsdomm  Bmbsbs s
9006509900l Fglo®m0390mab. Lobmgzsm go®gdmdo bsg3ommdo bgzgds 3999300 ™m3gmo@omwo b
39000b3930000  g99mbogbol Fggas, g3y 9B oMolo  gofidgbowo Bsdobsty fiywrgdol
Lodmomgdom. Bbgs GHmJbozwmo 603009Mxd9d0, MHMAMMOESS 3gLEHO0E0IdO s 3dodg TgEewgdo,
d0M0mO©s© "gbgeo  FadGHowmgdol” Laboom BbEgds oMo asdmzwgbow  FyoHmgdmsb. ddody
@omMbgd0, MMYMOOEss 35©d0do, b3owgbdo, JOHmdo s GHY305 B3gMWGdMmOZ SbMEoMEYds ddody
960903900md0ol  BoMbgbgdmsb o bogMol  sf3olmsb, Gmdgwos  gwgdBHmHmgbghaool  dgwagyos.
39LGH0E0IYd0 F0MOMSIE FEObsMYIBOLS s 65350gdOL A3 ol Lbmgwmol dgmMbgmdol
960903900 d0sb.

2. 300093 9M0 06083690mzs60 3MMdEgdss 5L 3ToMob  #ofidgboo  Bsdobstiy
9angdobl 200myma3s, Mog 0fi393L 03OMBOMEIMY0wH d0BIMOYPIL s LogOmbgl w99dbols Hmm3
0030560, 8bg3g  Yyz9s  MEbIwo  MMPSBOBIOL  K6IGMgEMdl. 1986 ol  BgEBMmdOOL
00MM399000 JegdBOMLOEAMHOL 35ENULEOMA0L 89909y, 953 BLZ0 Mo0sdE0wGmo BogmogMadgdos
dmbgs.

3. SBm@obs @5  Fmbymeol  BosgMogdom  (9.§.  Lszzgdo  bogmoghgdgdom)  bogol
933OMR035300L 96 BEzol BgdgBHo©  Poboygmuogmgdol  1396mdgbo, doMomsa, Lemgwol
d9m6OBgmdol, bodobsm s LsdMghzgerm §go®mgdosb sd0bdMMmgdoL Tggaos s FoMmdmowaqbl
AHMBLLILEIBOZOM HOOBIMEOYPIOL B350 3OIMDEGISL. U SGOL To30 BZOL IAMIWIEOOL dMIMEILO.
933OMB0353050  J9335ws 930 B30l  93mLOLEHIIOL  LEHMYIEHMGS. AIBoE0s, GMI gd3Lo
Lobs3doMm g39yb0@sb Bogz0 BL30L396 Fogobgds 1533900 BogzmMOgMPDdYOOL Tmerosbo Gompgbmdol
ssbemgdom 70%, GmameE 5©0s90560L 15gdosbmdol BsMBgbgdo. 98 MomEabmdol Bsfowo s
®omgdol smBgbowo 30% (08 d399b9d0sb, H@IgdoE Mdswm@ B30l LsbsdoMmMmBY 56 s60s6),
906569 gbs0l A5300m 8gdmeol dog Brgsdo.

4. 29990900 59mfi3gMo ©ed0bAHIBOL MB3gMEm FmMTss JRBME0ZMMO  LabgmdgdOL
399m @965, 0005 doaliB o [yeol sb Lbgs Rsdobstg Fyargdol ao33wrol ybom. Gog bmgsdo
d90mbggz00 9gdmEHebol 9909, obobo 363w gd06 sboew goMgdmdo, dbgdmozo dEs39dEgdOL
Bo3@gdmdol a5dm, MMIEgdLss d9w9deosc dsmo Mogbgol dgdizomads.

5. 36GmdWINGBHO ©s3sd06dMMHIBOGBOL dBMEIM JOMOMIPO BH030s FYs60 bsMBYbgd0, Labsdotmm
Dmy0gmHmo Bobs3oMM Jogrsdosb brgsdo gdgdom bgzpgds. bgdolbdogMmo d3zmMsgzo b Bobgz®oe
BsdoOHMo  BoMhgbo 930w gdws© b3gds LobsdommBy. 9Jgsb  godmdobstyg, 8szo  Bozol
Lo6530MHMGOBY 58M30 B30 IROMIWs, MOE SMILILYMZIE0s S LEBOMbIL MJdbol sEsTosbols
©5 B30l 3mEboo MMY6oBIFOOL X IBIMMYEMBL.

90006569 ©650L 5mBOL M50MmbI0 3009090 MBOLAOYBYOOL FoEIMYDS 875330690l Fos
§956Hm9g00@sb ©d0bIMMHJdL s ©o0EI3L Fog0 B30l MYROMboL LsbsdoMm, FsMEsToZ5wo @
Lob@gzom fyagdol g3mbolEgdgdl. LsbsdoMm bobEgdol oE3oLs s 3MBLYMZo300L boddosbmdYdL
dm6ol, LaBs3oOHML gMmBooligsd 33 FbLOZMMNMPINMEIO 5EHOWO 35305, 8530 Dr3zoL s7Bol
d0MH0M@O 259mfi393900L Bsdmbsmzso Fgagbowos 8sg0 Bwzol 3mdolool 2019 Farol sbys@odol
dobgzom ©s dmEgdnwos g3gdmom. J399bgdo (30wmdgb 89ds30L0 MBbOLd0YdJOOL 2oEIMGON
36H00@gdol dmbog35Mgde, Fod5¢0MS©:
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e 2012 §gob daastgomdo, dob bsbsdodm bmbsdo dmbobgrgmdol momddol 100% -U
dogfmEadm©s  Lobdgwro  fgogro  ©s  dmbobergmdol  76% 53938009005 Logsboerobsgom
Lobgdgdmsb;

* 9069030 LEVOEWMs© 0BMPIOS Lvygms Lsbidgwo Fywol bgedolbsfzmdmds, 2011-
2013 §iergddo 8go3gows - 63% -©sb 71% -0w;

e HMgmdo 3MBoGHOMMO ©obsdogss. Loldgwo fywol dmIbsMgdgwms MHoEblzo GJoE3ows
85% -om 2009 fgarl, momddol 92% -om 2013 Fgwb; dmbsbergmdol 36mEgbGweo Mom©gbmds,
Hgog ImobTo®lb Logsboeobsgom LolEds®y - 71% -0m 3s0BMEs 2009 Fgel, 73% -oo 2013 gl
(bsbs%®o 3.1.11, d);

* )M Jgmdo Ibobergmdol 77% (19Mdsbwo s bmggeo) 2014 Fouwb Bsgdomm Bsdobstg
J9angdol 40870960 boggdmdgdol dmbdsmgdols 3HmyMsdsdo.

9go60 65eBgbgdols dseangs

5005390090 894s00 BoMbgbgdol m@abmdol Fgxsligds MMM, Mosb dogo bBrzol
9304690l gx30lgdolls s 9BReMOTaqdol  Lbgoslbgs  dogmds  odgo.  98sLmsb,  gOmzgbymo
dmbligbgdqdol 0sbsbdo, bogogloyg®gargdol Mom@gbmds qo0bods Mdobgmdo, omvMdgmdo o
3993060005 HGMBIDBO O ¥ To. HYlYmTo 5G0L, HMAMOS LsIMI3gm, s193g 8v960E03sMHO
Botbgbgool  LEdoWMMo BOEs, 03039 G9bIbEoss MMGJgmdo. GmameE hbl, Tosgo Bwzol
d309469900 OO  MomEgbmdom  dgomo  bsMPgbo oym  oaMmgzowo. sdo@md, bo@hgbgdol
2300050v9353905, 35000 S 4590Yghgds A9 IdIE 33965 0g3o.

©3No BHIOOGHMOOYd0

Q©OEMO BYMHOGMOH09d0L Momgbmds o6 dg3gwrows Mdobymdo, MHMLgmLs s MvMdgmdo
§obs SOE 56396080 250md399b900L 99803 0509080 92 i3I0 5Qy0M0s, Mrdgems Laghmem
GoMmnmdos 16 940 35, Nature 2000-0l 48 mdogdBHo, HGMIgEms LogMmm goGmmdos 5,300 3s, beagrm
31 B30L s3wo BHyeo@™m®mos 302,200 35-b. 3membgmol ghmabmwo 35030 (BsGMHMdO 45 447 35
2013 Geool 3 mds®amdom) dmogsgl GHmames bdgmmgomol bsfoel 29 704 35 ©s sbgzg LaBLgsm
Bofoel 15 743. gl M0l yg39eabH) ©OEO @S JOHMIEINMO LsHM3sMm ©IEMO  BIOOGHMMO0S
Logdo®mggemdo. GHgdobgml odglb Nature 2000-0b 8 sgoo, MMdgwms goGmmdos 138,700 35 s 2
D30l EIEEO GIHOGHMM05, HMIJELMs LogMmm FsOmMMdos 108,000 3s. HLYMTs 4obsgbos, HmA
LSGODM IEMEO BHIOOGHMMOJO0 (393G LOFOMM 5O 5L, MoEYD JoMgdm, BMASWIE, IFMWOS.
Gbgmndo FbmwmnE 1 BE30L EIWo GIMoGHMMOss («)BHM0T0), GMIWOL LogHmm BsMmMMdos 9 848
35. 00 8m0oEogl 9,065 35 Byol Bofsl @s 783 35 Dol BHIMOGHMM0sL. mmdgmdo 11 dmbgddmogo
653603505, MMBgms LEgODM FoGMmmdos 38,000 3o.

bobadomm ghmbos

Lsb530MHMdOL gMMmBos Fogo B30l Yzgws J39960L LogMmm 3GMdEgdss.1983- 2003 Fangddo.
3og0ol ghmbBool / s36MBoEo 350Mm33eg3900 Ro@oMms dMEASMgmdo. 33193900l Mobabds,
99yemmo s gohmbommwo GHMLgdo dmoiegt 93994bol Lobsdomm bsBol @ssbermgdoo 13%-L.
0 sMmOoL 8530 B30l LbsdoMHMbBY ymzgwlicrorMs LsbsdoMm bmeEol HgEsdoMol Lsdmsgm
30980309630 89500990L 17,527 8 2 / §gwofodo. bsbsdodm gHmbBool Lsdrmswm bogs®omom
LoBdo®gs 0,08 3 / Fawofodo. 300©9gd0L ©9356 ©sbgg0L Lodwgsemm Lobds®gs 0,36 3 / fgerofsdo
(3g0Bg30, 2004): https://www.climatechangepost.com/bulgaria/coastal-erosion/ 2009-2013 {iengddo
Lobs30MHMgdOL ©0BsT03oL TYLoxsligdrs® Lods®mzgermdo godmoygbgl Lods@mgzgeml dmbsggdms
3990030b LsbsdoMm 330 gdol 0bbE®mMagbEo (UNEP / GRID http://geodatacube.unepgrid.ch, GDC).
Q555EMgdom 50 35 ©AMHMZIVOM s bEMgdom 80 35 gHMDBOOL 3BM3glom dsdmgamgbowo 0dbs
(NIMRD, 2014) B6000¢090000 Ge35605L 006Mgdwmmgdom. babsdo®m bmeo 10 8-00 dg@om doofjg3s,
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653 LIbs3OMM BMEOL N osbo Log®mdol 10% -0s, bmeoem Ggigbos 10 3-0m dgEom, LbsdoMm bsBbol
53% -0s. ULobodo®m  bmol, @ossbemgdom, 38% -0s LEGHWOWMOO (/396  ©sbgmwo 56
5f0bsmMgdmos 10 3-Bg bogergdo). s®LIdMOL 5 Lsbs3oMm bmEol o330l 3HOMOOGEIGHWICO
360mgdBo, OHmImgdog ©sofiym LsbsdoMHm Bmbol ggbgMommEmo gqadol Fgbsdsdols, gOHMBool
99830M7d0Ls s LOBI3OMHM BMbBOL MHYHdOWOEIE00L Jobbom. 3GMmgdEgdo dmogsgl Mamaia South,
Tomis North, Tomis Center, Tomis South s Eforie North-gdl. g®mbBool 3393580 ©3330
15999omgdoL (35TbeErgdol / B53Mdoewgdols ddgbgdemds) Lygdmdo 51 gEswmbo ogm (NIMRD, 2014).
Lodrgeee Fero®o 35005300 MLgmol Lobs3oMmMl AsLTZMOZ 56 s©qdadgds 1 3-b. LobsdotMm bmerols
Lodrgoenem G93gbos 6ol 0,7 8 / Fawoffodo Lsbsdomm Bbmerol RoHowmgm bafowdo, Mowash oyo
§o6300436g0s gHMPOMmGBds©O Jsbgdom. LodbGgmom, dgdsmgmdl 50 30-0560 3080l dgo-dsMO,
©965%0ms 5 3¢d54gd0m, 999y Bwodol Bmbs sdMIBoMwo 3wEgIP0m s d00sbo LsbsdoMmm
oo bOHgdolb / 39bFoL Iwoggdom. aMdgEo LsGMmBLEMOEM bBs3oo §yogds AMmM3zgd0Ls
230939M056Md0oL  LoLEYILMb, GMIgdoE 3300096 39bFols s bEYdol Tobogrgdol JoMmozosl
Lobs30MMl  QolfizcM03. sdoBMT, 3¢oggdol  0bgdMoz0  s0EJ6s  Fgdangdgos.  Labsdommbyg
990530606 gBMmBool badwoem dshz9bgdgro - 0,5 9 3005, gabbogmmegdom LsdbMgm, Lsdbmgo-
5193 M0 s LETHOYN-50TMOZE 00Ol F0ToMMMEGIPOO “YOMYMBOM A93¢1gbsl sbgbl v3¢s0bols
Lob530MM BMEBy. gl 20dmf3gMwos BHowwrgdol obsdozm@o HBgdmddggdom, Hmdgulisg 890dwgds
4-7 39®ob bodsmang 3Jmbgl. 59 Bgdmgdggdol s, bsbsdoMmm Bmeol LagaMorm 356 obggzol
0563969990 0 0.2-¢0s6 0.3 3-90gs 1 LA BHoemgdol Lodswegby.

A&hobdo

&MYOHoBIo 8530 BE30L  J399bgdol  93mbmdozol  gMom-gMmo  yz9webg  9609369wmgzs60
L9BHNO0s. WMBRO EOMTOL 3¢9gd0L MOMEYBMds Ymzgw oo I3oMgds 8530 B@30L yzgems
939996580 (dyEpsmgmo - 11, Gdobgmo - 1, MG Jgomo 4, ©36006s - 3,). dMERIMIMTS Yo93MEILS
068365305 MIMYMEOF 5QH0MOM030, 35939 MEbMgwms doblobergdols dqlsdwrgdemMdgdol HBeMOl
99lobgd  (bvyew 2,432,000 30BoBHMm®o 2012 gaob); GBobgmds 3os3ME3gws 0bgm®dsgos 2006-2010
§0qd80 30D0GHMOMS B5MEYEMBOL (335¢905MBOL Fglsbgd (Bsb. 3.1.16). s3s3MmMmwmws, 2011 s
2012 Geogddo 5300 993U g9bLobergdol GqLsdwrgdeMdgdoLy s 30BOEMMmGdOL BMEL (2012 Fgel
M930LG®0MJPMwo  ogm 1,041,000 30BoGH™M®0); Gbgmdo  gmzgehom®ms  99060869dm@
BodMlgEols @ asbLobEgdol  Fggomdol bMs (2012 Faelb 9 869 000 z0Bo@BH™mGO oym);
230BLobegdol  Fglodergdermdgdols s  30DOGHMMMS  MoMmEIbmMdol  BOHs  IGOJLOMGOMEOS
0B Jgomdog (3,671,000 goboBHmeo 2012 Faaob); 360506580  Fgobodbgds  oblobegdol
99L599dWMBGIOL BEHBOWIMO BOHES S 30BOGHMOMS Mo bmdOlL FgdzoMgds (2011 Gl 2 878
000 30%o@Hm6Mo).

969®00

39b65bargdoo  96gMao0l  LgddmMo dsgo bmzol J399690do gmggufrromMe 0bMEgds:
05950005, Mdobgmdo Josmol gbgemyool LgggMmdo d3mbBo@owmo Imgwgbgdo 89odhbgzs. 3MbBLENBEL
gl Jo@ol gbghyool Fomdmgdol yggumsbyg dowowo 3m@Egbioswo 5J3b d3gysbsdo. Jotolb yzgwsbyg
OO Jgd@®mbaym®o Dorobantu- o 8904dbs 2011 Fawls. Jo@ol o630 Imdscdl 18 GHmmdobom,
OMIgms  X9MM0  0BLEIWsE0s 54 Tgacg5B0s. 93OM35d0  439wsHg ©oo  bbs3oMm  JoMol
99dBHOMbsaMMo dgdatgmdl Fntanele-Cogealac- 8o. ob 2012 {0l 5999853@s. Jo®bodsM 3ol
59496900 boddeagmg 600 Bgas35@0s. ol wdsmdl 240 BHMEOBOBom, MMIgms 1Loddwsghgs 2.5
0333 Lobdgamgmm Jool gegd@®mboym®l dgmdwos fowofsdo 1 dowomb mysbl dosfmoml
929dHOMIBIORoo.

369fi30ewmds
0P gmol MmxoEosHo  dmboggdgdom,  Lobsdomm  Bbmbsdo  ghmo  Jo®bobs
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3MbJ30mboMgdlL. 39460l LobsdoMm bmbsdo slggg 8mddggdl dgdewmGyoo, LsxggodOm s
1533900L  250050599985390g0  LofoMdmgdo; Gwdobgmdo sMOL gMmo  JoMbobs. sbgzy sOLYdIMBL
393900090, bsddybaderm slioergdol, Lsggodmm s B339d0L o sdsdwY8s53909w0 Lofa®dmgdo;
Mool Bobs3oMmM BMbsTo 35025 56 5GOL Fob30msMGdMWwo 0bEMLEGHM0s. 0 Fbmemmp geo
Jo6bobss. 0bEMLEHMOMWI© Y3gmwebyg 49630m56M90mmo Joemodos bmgmmmbioolzo, Loos (399963L
3063 gdgb. 0bMLEHMoOL LgdEHmMo MmGIgmdo WBOHM TYBHO® sMHOL AB30MMmYPRMo. J399bols
LobodoMm  Bmbsdo 8mddgqdl 39996G 0L, Jowowol, L3owgbdol, Lsdom Jodbbgdo, spMgo3zg

3953990030L5 O R9OBOPZOL MB0YIFBHJd0. oM 5dobs, §o9Yz060 2035898539090 IMH3gECrMdOl
2396005, 5OBYdMBL LEIMYH3gE™M S TYEHIWIMR0EO LFo®dmgdo.

HMBL3MOGO

3530 BE30L 439w J399obsl Lbgoolibgs GHMon3030L 3935 mdol baglaamMo 5J3b. J39yb9ddo
36Lgd90 65300MdEGMHT0BIGOOL MoMPIbMds sl F9BMOYMMYd: dEIYsMgmdo - 1, bodsMmzgwrmdo
- 3, Gwmdobgmdo - 1, MHMlgmdo - 4, ®MEOJgdo - 8. LsHBMYsMIPOMH030 Logbom Jugwolb LodFommag
9439 J399obodo  asoblibgeggds - Yzgwoeby Towowo  dsB39698gd0m  godmombgzs  Ggdobgomo
(3mBLEBESL dbstyg) (0,35 30 / 38 2), bmeom y3gesby odoero 35839690 gd00m mvyddgmo (0,115 30
/ 30 2).

0530 |l ©50500609909890ms $H03900 ©s igoMmgdo 9530 BgzoL sBbTo

2.1 ©535006d9MH9d9wms 303900

wMHB560DOE0s s FMH3gEMmdS

3530 B30l MHga0mbol Labimawrm-bsdgwyHbgm doffomdmddggdol Bmbgdo Log®Abmds stol
©5006dMM9dmo LsdMgHzgwm bs@Bgbgdom s smo LsdgM@bgm gsdmygbgdoli dm@Egbigoswo Lwye
MROHM s 1RO J30MEYds. o 3608369wm3z5605 000l 50b0d3653, MM yzgwsby bagmgzogMo boswago
9530 Bo30L  Mgyombdo, LsBs3oOHML  olfizcmogzss, Losg 0bFHIBLOMMs© 0BMEIds bowo s
0mbEbgMwo. gl g0t 3039 Bmbs 08Ybs WOMPDos MY0MbolZzol, MM Jolo O3MY3S
39®EHHMFM J99a90L Mm0Esbl. Bogomoma@, dMEYIE0, BSOMM BMEo, Jowsd GHMo30BMbLS s
003M3L  Log39MmGMEM SEHOWL FnOMOL, S0IMLOZEJ0ESD LRI 073MFds JoObbgdom, aBbol
LadbMgm dbstgl. 3bgEo FaHEHO09dOL Bos 3o6aMbEz0L saowgdo (GEF BSEP, 1996) s ovvyédgomols
d0MHOMOEO  0bEMLGHMOGRO ©s Fomo  BHodol bBoMBgbgdo Tsgo bwzol Mgyombdo (Bakan and
Blyukgiingor, 2000) 6sBggbgdos gbGowdo 2. 8ogo Bezol LsbadoMmgdol bsgbmgMgdgu »dbyddo,
396L53MMGBoM BMbymerszdo, Lsdlbls s GHM30DMBI0 dogr0sb OO 3MHMdEGTs AL Tgsro
Bo6Bgb6gd0L goBeMgdol IbM03. 939 OE LIROMBIL JAbol 3GMMdEYIGd0, HMIIdOE J5dMf39MEr0s
B56B3b6gd0L s BozMol RMMZgd0m MHI0bOLs s BMEsEOL JoObbIdTo 3oGdwJus s gMgawodo.
9580 ©s ©PYMdOowo 65350 3MMdEgdsl Jdbosb Ladlvbol sbm@ol  Jodbsbsdos; Catalagz
0dM9gdGHOHMLoERMMdo woyabo@ol asdmyqbgdol asdm, bsgo®mo s fos 0bsbgds as®gdmdo, Gog
B0ssal 3603369 m3b65 9306dMMHIOL (M Jgool 3o6gdmlb ymboo, 1995).

g4m390fomme©  505LMmdoo dowombo Gmbs ©s3d0bdNMgdgo bogmoghgds dgdmol
3&IMbgghmdo  dM9f39wmdoEsb, 9564569006, Logmaoabma®madm ©s bbgs §ysmmgdo@sb, Mog
239099mbm30L  YHsMBoBIOO  Dosbol BmBGsbo bgds. Hg Fgodwgds  sGImbgg®mdo  ©o©o
50m©Y6Md0m IFMHM3IL boengddo. 530l Tosw0m0s 3gMEbErolfywol bofiowmdmog domowo mby,
MmIgwoa 33b30gds Lobmdol Bobgzs®3MbdMEol Labsdommgdby bowrgdgddo, GMIguroz o6 MOl
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39630050900 0bMLEGomme (Bat et al, 2015a). 99gyo©, S©F0WMdGO3Ts 5©s30569ddo,
HIwgdog F9996 896G MH MmEY60BIGOL, OHMAMGOE 1g3B0o, 0E0gd0o, 30dMOBbIwS, 3093930,
©3Mmz00 5z Hg,  6OmIgwoi  dgodeogds  GmdLogm®o  s@dmBbogl.  Lsdgboghm,
dMEMEOHMobgEds 800mbowggdds sB39bs, MMI Hg-ob Mom@abmds mgzbgddo d306gs,  Lobm3ol
Lobadotmgdby (Bat, 2017; Bat and Arici, 2018; Bat et al., 2018a) dGsg5¢0 Lbgs wommbo Bsgobgds
953 D035d0 LOTNMIM3M3900000 s bbgs IMH39Md0sb. bsMPBYBmdOL Fywol godmymaol bigs@Ewbo
(TUIK, 2016) o Lsdom Usgdosbmds (CSB, 2016; MTA xx) o¢Hdgmols 8530 begol Ggaomb3o
9m3g8w9e0s 99 -3 o 3g -4 gbGowdo. mg3bHol 8dody g@EHswgd0m EdOBIMMIBIOL MZselsBMHOLom
(Bat et al., 2014, 2015b, 2017a, b, c) s shellfish (Bat et al., 2016; Bat and Oztekin, 2016; Bat et
al., 2018b) sbosbobl dgobfisgargl  olgmo edsdobdMMIdEGd0, GMYMGOEss 8d0dg BgEowgdo s
Bma09MH00 LobmgHBMMO JodozsEgdo, MHMIMdoE 5©30WsE Fgofimgzgds 1330000 JMHm, Bopa®sd
0b0bo 5Q30WHE 5O RITMOYMGBS 5 O FOZYBsL sbEgbL X5F3F0 B MEYI6OBIYOBSE 30. B3
MO Jowoos 3nDoEos 33900L xoF300 O MoE MBOM babaMmdwogzs FbmgMMBL gaHgddesmo, dom
meGe 9@ 05369  bogmoghadols  dgoEogl.  yzgarsby o  9doggdwgddo  dqLadgoms,
58500639909y Mmby 08gbs Torswo oymb, MM Fgodwgds 300306 bsYMMEDIL 96
999030MML 35000 ©935GPVMB god3ea39d0L wbo@o (Bat et al., 2018). Lod®gfhizgem ©sd0bIwm@Mads
230bL3MMGB0m 500603b6gds bEHeddmerdo. 90bsMggdols s Fomo 89bs350gd0L w93 dsgzgdgeo
9angdo Begzsdo Bogoobgds. m@dgmo 0b63gdwcmvbdo dommgwmao gbgMaool 3sb3000Mm9d5L gqads3L,
50539 @OHML, 30sM0s 30MHMYgJBMHMIbgMA000. 5Tsbmsb, FMgIMLEEZ0MO 356MmbIEIdEMdS
999059905 9303530060l LEHDbEIMEIOL. 8530 B30l LIBI3OMHM JOMOMOWIE Y9BMFJOMWOS,
05350 090 byl Migmdl OMYMOE GIO0BIOL 2563005M9d5L, ol 0bEMLEHMOME A5B300056MGDSL.
50609, 8530 D30l  bbs3oMHMgdo  M35woldmMIFMgo  dmdsgwol  Fobsdy ysbsb, mw3o
LobMRMOzoL  LbEHBIOEHIOO 8339 FoIXMBIBEIDS S 0bEMBEHMOMEO  gobgomMgds
ROOboWIE ©0agd9ds (Bat et al., 2018). g®mBos a530d0m I0ge 493wgbsl SHEIBL olgm
Jow5dgdbHg, OHMAMMOE BHGM30BMbo s LsdLwbo, Fsm0 MBREM ForsEro Inbsbergmdol bodFowmmgol
300m. 53 50w gddo, 9o3(356900L dobbom, FEgbstrgms dMBIRBMOZ0 LoBsGOL s3MmEIdol d99©9Y,
00630908 BB BoM Dosbl  5ggbgdl gOHMDbos. goboaM@PROL  IOMmEglo 93 GIOMOGHMMSDY,
FoODo05 950000 F30M) EMBom, JogMsd gdrg yMIYEIdS.

LoBm3z5m bsgogo

LoBEZoM b5g930 560l bgdoldogMo 3mwdogo, FoMmBmgdweo 56 sddoz9dwgeo Igsto doboes,
6mIgwog  bogobgds b MBgds Lobs3oMM b LsHrgsm as0gdmdo, FoMBmdmdowo b®3oL @
Lobdgagom  §gommgdosb. Lobmgsm bogogzo Fo@mdmoagbl gsGmm b3gd@Mol 93mEmaoMe ©
93Mbm3031M LogMHMbgl 3MEbsEwo MMYI60HBTGOOLMZ0L. Ol JOMOMSE TgYYds 3ealBdobol, Gyol,
@ommbols, dobol, MgBobol, Esblogdeol, Jomswrol s ©.9. 95369 bsMRIbIdIOLOYD. LoBLzsm
LEAHOSEIR0L Bs@Bm oMgdBogs (MSFD), Gm3gwog 936m3sgdo®mds (EU) 2008 §geol gs8madzgybs,
9033l 99300 g0e JoLsMgd BMIGOL Fg3Mo LobgIFogmadobmzol, Gams dsm 2020 ferobmgol
35630 25M98mL  bBoGMLo” (GES) 890bs®bmbmb. mg@mdg@o Bqbs@Bgzo sofig®owo odbs MSFD
©BsMmo 1 - To. Job ®obobdo, oMgIml FEyMmToMgmds gobolsBE3MIDs Brgol mbyby o6
939693006380; s0figHowo 10 gbgds Bz0L 8yse Bs@Bgbgdl s 3o60LsbE3MGDS, GMAMGE "LoBZoMm
65330L ®30LgdIVO S BOMPIBMBS 5O 5H0BIOL LEBsZOMHM VML s LsBZom FoGdml .

8530 B30L §yondqdzmado sbgdol mnEosbo dmbsbErgmds 162 doombl s0qds@gds. »bs
500603bmb, MMI ymz9wo 53 505805608 Ym39e@ommo 1oddosbmds 30HEI306 96 0MOdsE S0LEbdS
9530 D30L goMgdmby s, LsgsMsMmE, Byl MHYmdL LsbEzsMm bosagzol oRMmM3gdsl, GMIgEros
000Jdob d0sbs  (Bog®sd sGs TbmermE) TgoMo bsMPBgbgdOLYD Tgoagds. Lobwgsm bogzol
360dEgds 3FoGmm 353800305 3MmEbaEro MMAB0HTJOOL KsbIHMgEMdOL, 45MHgdml d9bsmBmbBadols
5 9530 Brgol MHgy0mbol Mo 4963005Mmg00L 3603369 M356 3OHMBMYGTGIMB. LsBLgsm bogsgo
§o6M3m0ddbgds  Lbbgoslbgs Lobdgumgmm ©s B3l  goMgdmby  5@sdosbols  FMO35¢zgMM3sb0
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b90mgddggdol 99009390 5, (3OO, PMHYMBoo  gog3egboll sbIbL  Fmbobergmdsby, 39w
3bM3MOsDY, d0MmEGHNO 3969gdsDY s §3MbMB0ZOL BMYoIMH IMABY. F3wM30 LEBPZM Bods30
9odo 99hgmgdeo boabgdo ©obgdol s Jool Lodregdom gssol gl bwgsdo o,
59602500 0(393L Ym0 BoMhgbgdol FHEsbLLALIBOZMM 253M(39Egdsl S 3MHMIGIOL oMM
omBol  IsbdBodom (BSC Marine Litter Report, 2009). yggges ULsbob bs®Bgbgdol, dso dmGol
A™Jbo3zMemo s bsdodo BoloEgdol M3MAOLO F8MYghgds, Tgbsbgs s BHEMBLEMMEHOMYdS dsgo Bwzol
30600900 dBom©E  3MMOdWIgdL  Jdbob. GHmJuogMmo  LodMglizgwm  bo®Bgbgdo BdoMo  0bsbgds
9Mb0303swNM  BoaoglogMgergddo  LoymassbmgMgdm Boaogmob ghmo, ®mdgmog mo30LMmo350
d90393L Lodod 603m09MHgdgdL. 3005 GHMJuobgdl bosspado Mgsbogl, H0sbgdl gsdofalls s
dofjoligzgds Hgol. 0dosb 30 bgwgds dobsdggddo s dmeml Bwzsdo. bs3gd0L Bodmbogbgdmsb
9O, Lsbs30MM BogogLayMgeEgdo 3eslBHdslom BL30L sd0bdMEMmYdOL doMmOMOEO gotms; obobo
LgHombme 3GMdMIIdL 039396 o3 Bw3zsdo s Fgodwgds Lobogzowma 30 50dmbbogl bBrgol
BEmOobs s Bombolmgol. Brm3zsdo d3wMg0 3eolEdobol 6ogmgdo, bsa300 IRIONEO des9do,
Lobsg39 90w gdo gBol 306, 0bsmol 653060900 s 3¢EYgPDBY - gU LYIGMSMO Fgaodwosm
obowmo 9530 B30l Mgyombdo. dmem Fargdol 06353wMmdsdo, 53 bogombl dMsgseo Ladgzbogtm
330935 30990365, 830 M6BAs, Bo30 B30l wsggdo (Topcu et al, 2013; Terzi and Seyhan 2017),
B30l Bgs3o6o (Suaria et al., 2015) s Bugol Buzgmo (Topcu and Oztiirk 2010; Oztekin and Bat
2017) 8608369¢m3bs© ©od0bdwMHhgdwemos...

3580b53 30, OHMELOE 05350 3EoBETLS 56 60L TBsdosbo, 5856 Fgodergds godmofizoml
335bob bLogzowo dobo LsFdaol dmdbgugdgao LobEgdol FgngMbgdom. 3esliGTolsl s bgs dyse
Bogogl dgwderos Lbgs qbom dmzsl miEbogo s®bgds - ol gMmobgzgugdols ©s yegobgdol
©bOPMOL 0f393L. s0LB0Tbs305, BMI godm3zErgme mg3bl Bofersggddo s0Bmshbs 3¢sliGdaliol
Botbgbgoo (Brite et al., 2016; Giiven et al. 2017). 89Lsdsdobo®, 2930MEI©s 06xm®Ts30s, GMA
90360M3@5BEGH030L FMmbTomgds brgds 1533900L Jugaol dobsBY Bow GGGl oo (Cole et al., 2013),
9939603960 330093900l 89099 ©IBOJLOMS, MM GHEOBLBIMHO GHOMBOIM ©E™byby oym
(Setala et al., 2014 ; 8G90 ©s bgwbmbo 2013). 50605, Fohbs BsBodMMYds, MM JeobBdslol
659b3zMg3900, dobo E6sTsEJOO FoMTmgdol 3Omgbdo s 3ealiGTobol bagPmgdo (3bmggwgddo
39030l 89009390, 00MEAMHM39d0L MHoLIL BOHEOUL. Topcu- 8 s Ozturk- ds (2010) 359m033w0gl Fo30
B30L LodbMym-slisgagom bsfowrdo dys®o Babgbgdols LodMsgang s 89dsgbEMds s 50dmabobyl
39go60 Bo@hgbgdol 3mb306GHG3E0s, HmAgerog dgMygmdl 128-1320 gMogrmemBy 302 — by s 8-217 3 302
-%g.

2969609 (2010) 25800330005 GHM530Dmbols s MBIl Joarsdgdol 15 Bszso dsg30 Bozol
Lobs30MM M50mbxdd0 o300 HGHIOOMZOL EILIAJDIE. F9TM03zE0s FgMbgmo Lobrgsm bagzol
9905009396 mds s A9Bsfogds s 508MoB0bs, M JesliBHToliol MOMEIBbMds Yzgws GO0l bogogl
dmOobo 56% oym. o0 33e930L 3obobds, Fog0 BE30L Lbs3oMML dOBIMGMGOS JOMOMSPIL
3900f39Mwos  d0bsmgadol  250bgd0L  Fggas®  9dmfizgmwo  sbomM3mygbmo  Ba@Bgbgdol
GHOBLIMOGHOMJO0 s F96MI3LYd0m, bragrm Bmdgdo s MYRYEs3E0gd0, MHMIJoE 00MJMLES
23960990l d063HJOOLAE obEIZ9 BMM309MYBS, 333 96155 N335G VM.

96H00 s Lbggdds (2010) g59m033w0gl yseo BsmBgbgdol sdobdmmgdol dsh3z9bgdgwo
AM530mbdo, LsTbMYM-50TMBEZgEge  Fog30DM30L30MHgmdo.  YmzgEEEonmo  dgs@o  bs@Bgbgdol
§o68mgds 508mbbeos 1.115 39 / 3930 GHM930DmbolL Jogmagdol 396&®do, 0.73 3p / 9580560 by@dgbdo o
0.79 33 / 50580560 “93690d0, bmwm ghm bryewbg FoMdmddbowo bs®bgbgdol 3.5% ogm dsbogngdo,
H0Igdog 3690580 0O bBoL 356353Md5To o6 00gds S dE0baMYgdOL Ladreegdom brgzgddo
b3gds. 59 0565BHEMOOL MBsbTs, BsMBIEIOOL M9MmEIbMds, HMBYms FoIEBE Tglsdangdgaros
65306093y YM39wEMOMMm©, 0oL 368 3y LwMgdghdo s 712 33 mxdo. GmEgLsg LsbsdoMmmgdbg
BoBgbgdol Asbafowgdols 95B396909wgd0 358M0339ms, (3boEO 2obs, MHMI LryMIghgl LobsdoMmgddo
399m3wgboo bsmBgbgdol Loghmm Gom©gbmds oym 1,373 33, bmem Bsdomgddo 1,086 3g. 330930l
39009250 508mBbs, MM 3ealiETolol bambgbgdol % 49, Bgdu@owo % 28, ommbo % 12, bEoMOmgs %
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5, d0bs % 5 @5 Jomowro% 1 Fo@dmogddbgds. GHm33m0 s bbggdds godmozzwogl Lobsdo®mmagdols
Bo®bgbgool LodMe3wg s [oMmIMTMds MIMJgOL L3 Tog30BM30L30MgmMOL 10 LsbsdoMmmby.
(2013). 99009390ds 5B3zgbs, ™A bogzol Lodzzmogg oym 0,88 + 0,95 gegdgb@o 9 2 s 030 JOMOMSWS©
9900390Mm©s  5dmY36mdo  d3oMg BmIob (2-7 LT) 3EOLEGTLOL  boFMgOols o LabidgegdMLb
0539380690910 65330L206, MMYMOO(395 BMMEIGOO S dMMEGIOL MO3LEBYMO. LabsdoMmgdbg bogogo
dOMO0MIIQ 3bGH03IM0 0gm, doen0sb 300 0gm oligmo bsePBgbgdo, HmamMogss obs, Jomowo s
bg. 505300MHMMEOE, 33308 9M99erdo s©dmBbEs WEbmmMo (o®mBmMmImdol bogogo 25 Lbgosbbgs
939460056, H@Bgarms 23% o30 BL30lL Mgaombdos.

G9HDod o go3sbds (2013 5) Boo@oMgl  4o8Mm33wg3g00 Gog0 BO30L  >EIMLOZEgm
LoBs30MMGdBY Brz0l Boagzol 993s00gbemdols s Lod33M030L OLAYH®. 50> 5©TMBOBIYL Boggzol
L0d336039 0,05-0,55 bogmBy /8 2-bs s 0,001-0,015 33/ 32-1 GOl s 50T, HMI yzgmsbg Mb3s©
3EobBH0IMOO bogozo ogm. 259mygbgdols y39wa®Dg 493MEIWIOMEo  3939aMM09d0 0gm Joxgo o
LoLBYEGOMEb 535380M9gd Mo Lsabgdo.

G9HDod s UBgo3sbds (2013 d) @00m033w0gl LoBwgsm BoMhgbydol Fgdsgbermds s
100330039 MMyl 5TMbogErgo T30 BOZ0L BHGMIWDBY. Bogzol bogzmgdol LsdrgsEm MHomMmEIbMdS
9OOIM B3OMNMIBY 50dmhbs 222,6 + 105,11 gbHogweo / 30 2 s 34,32 + 41,93 33 / 30 2. 439wy
mbgo  dobogrol G030 0gm  3WsbGH0IMOO s Yg3gmabg bIomo  godmygbgdmmo  353gam®mools
©599039690 653Mgd0. Bo0 29bs3EbaIL, HMT sMPAIBIWO Boagz0l oo Bsfowro 3EwsliBdsbol s
Bgoembolb bs3Mm9gd0 ogm. 3oLbgd s dgBTs (2016) 250Mm033w0gl LyHBMbYMHO Lsbrzsm sd06INMdS
3539 T30 B30l LObM3 LMo Mol Eogbol bLsbsdoMmmbg s Jsom godmoygbgs MSFD GES TSG-
ML-ob 8096 890mms35H900o  dmbo@m®mobyol mddo. Lybmbmmo bogzol Lodzzmogg dgx3slos,
OpmOE Lsdmowm 1,033-2,352 sewo / 30 s 0,019-0,041 33 / 3% bemwwe bBsygzol g3zgmwsbg
3930(39029939000 G030 0ym 3¢lG03MG0 (95,61%). M90mbdo »3bm FoMmImMBmMdOL Bogozo sedmshobgl,
H0Iol dmEgdemds, Bbgs bogogmsb gwstmgdom, 2.38% s JoM0ms©s© 930360l dgbmdgem
J399690L. M@GM  dgBog, bopzol  3OHMdadol  IoldBHodgdds  J39ysbs  osB0dMs  A9sdTFs3900L
30m3gbE0swols s FoMdmgdmmo BoMhgbgool Momgbmdol dgd30MgdsBy. boagol sfigs doobbggs,
OO 969MHA00L 50Ygbol Hgsmm, Lobsdzowgdo, g 3OmEgLo FdHIOOL s bogMol ysdmygmuom
36003690396 ©sd063MH9d5L 0fj393L s d5¢06 559539dGHMIMO 2B Fo@dmddbol gbgmyoss. sfgs
396 330l sd063MHgdOL LododMHmgdsl, MoAsb 53 Fgdmbggzsdo ds3by BogmogMgdgdo dofjowsb
3G IMbEBgOHMA0 A9IEOU.

509635 o bbggdds 890535L9L (2016 §5.) 0 830 B30l Fywrgddo bggliBmbmemo dozMMm3wslBozol
65mEabmds.  Tomo  gobbogdom, TgoMgdom  Fowowo  303MM3alB03MM0  30639bGHME0s
00560d6g0L 005g, MM Fo30 BLIs SMOL J03MM3EIBEHO0ZMNOO EBOBIMMYdOL 3bgwo HodGowo s
3M30GdI0s 85000 FoMBMIMdOL 3Hgd0L oEYGBs. Fom LETBMYM-50BMLIZErg0 Fog0bMZoL30MIMOL
b9o300H Fyagddo dozmm3esbGmemo [1.2x103 (+ 1.1x103) Bsforszo m3 s 0.6x103 (+ 0,55x103)
Bofoerszo m3] s0dmsbobal. 29edmdaggds, 30639 M0pdo FoMmdmgdmwo bsMhgbgdol Tsboerols
3993060905b9b 9o, HoMTMmoabl MMdEMwo b5MRIbgdOL 3MMdEGIOL GOMSEIMHD Mo ME
235005§939@9L. Bl dgwyderos 8608369 mgbs ogbdotmls dwbgdtmogo MalwyMLgdol dgbo@bmbgdsl s
3009H0  3BgdolL s 3BbgdMH030 3500EFSEJOOL OE3ZL. BogegLayMgE AoMgdmbs s osP3oL
390093900L  250035¢0LobIdOm, A6ETMEsgqds »BMH™M 9B LOFoMMGOss, 30MY 35M0sBEH0. Fo30
b30L LsBEZom B30l 3OMOIMYGIGIOL FosFMs FmombM3L 530 B3zl LBs30MHMYdOL MoMMYMEo
d309460bL dog® 9938539090 gHME35MHM356 33536 Fgbgol (Bat et al., 2017d).

Bat s bbggool gs0m33eg39d0m (2020 §.), bobm3do dgdsmgmdlL Lsdbmgom Bs30 brgzol 8o s
0OJgool  BOhowmgm  bsfoerdo. Lobmdo oMol LsgbmzMmgdgmo  GHgModm®mos - bsdmghggerm
©3006dMMgd0L goM9dg, of Fobs 3esbbgs 09g3Bsmds s GHMGoDHTo. JombgEsgs 0dobs, GMI sdol
d0bgBo Bogbwymol m3990d0 GHMOOoHBIoL J0Bbom Tmbobergmdol FBsMEo MomEbmdss, Jowrsdol
Lob@gom  d06IMMdOL  2sdmdf3930 Y39wsby d60836gErmzsbo  BodBHmegds Toobz MBYRS -
Loymaxzobmg®mgdm dgsto bs@Bgbgdo, 3965¢0BsEool fywrgdo, 299900l ©sd0bdMMmads s mgzbomds.
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9099bg93500 080bY, B LobM3oL LEbs30MHMYIBY sd0BIMEMYdOL BT3B MZ60 {gotm 56 sOLYGIMAL,
9530 D30l s9755d0bgo  LobGgdol gomzsolifjobgdom, Lsbmgsm bBosagol GHMBLMOEH0MYdOL
Bsgombo 86083690m35605 Lobm3ol Lsbs30MmMgdDBY. SUF-1901-18-48 36m9d@&ol SINF vbogg®lodgdol
L599360960™ 3393000 3MMgJEHId0L (BAP) 3bsts3 Moo gobbmMEogwrgdoco 36mgd@ol 9999w,
LoBs30MMgdBY boga30L Boergdol Mromgbmdos 0,30-¢sb 7,41 gocno /8 2 (Lodw)oerme 2,33 + 2,52 oo / d
2), bogm bogzol #Ho3ol 3ealiBdsbol yzgas®g dswowo 30Mmigbdo (84,58 — @sb 98,27% -0y,
Lodmomm 92,54%). 36:mgdEHob 900990 Fowgdveo dmboggdgdo bsymal, MMmd Mgyombols yzgws
3¢5510 900bdMMYdM0s B30l Boagom (Bat et al., 2020).

mB@93068s s Lbggdds (2020 §).) gobfagergl B30l 653300 ©sd0bdMEMIdOL dsbgz9bgdgeo
Lo03MAoL sgBol LobsdoMmby, HMIgwo Gog30 BL3oL gMm-9Mmo 360836gm3zs60 Fomdos. dom
Q550b9l, MM b5a30L Lodmsem Lod33M0gq ogm 1.512 + 0.578 bogjmbgwo /82 s 31.875 + 10.684 9 / 3.
9900939005 583965, M bog30L y39wsby 203MEIgd9E0o Lobgmds 0gm 3eralBoldm®o (95,61%), ML
dm3y3s dobs / 39Msdogzs (1,46%), Jumgzgowo / Jumgoo (1,31%) s dsbogrol bbgs Godgoo (1,62%) s
90939 MbmOHo  FoMdmImdol bogogo, MmIwgdog 25 LobsdoMmby doMomowo dgbmdgwo
9399690006 H3gdms.  0bgdbol dobgzom Lamo3MBoL LsbsdoMm JWsLOROEFOM®S, MIMYMEE
doe0sb d0bdmGo.

5530gLOMEs, O™ MHgaombTo Bogs3zo doMomss dgMgwyeo F953m30L bogmgdols (41,12%)
©o Ag6go 6sag0l Bogmgdolspsd (33,84%) Tdgaqdms. Bggbo 8ggagdo 9B39690L, Gma
L5039l EoMBOL LabsdoMmM by B30l bogz00m IBOBIMEYPdS Imbs dofol Fysmrmgdowsb.

03GHHMB03IS305 © 3965¢r0DEG0s

8530 B3s y39wsby 36033690M3z560 BPZos BOMIMZoBIMHM36qd0L MzselisbMolbom (Bat et
al., 2011), 306500056 obs doEEglos 3¢sbdEHmbol domdsloo (Bat et al., 2007), 093%gdom, Hm3wwgdog
50 00MBsLom 0339998056. FglsdsoLOE, 8530 BL3s MBOWB3gLYMEBL BL30L 3HMmEIEHgdol 70-90%-b.
3530 B30l d0MIM35x3gMM36900L JoM0MIEO JOMOMSEO BBOMbHYJB0s J3EHMMB03IS3E0, J0doMO
Q©o00bdNMgds 5 B3MBOL BOBAMMYDS, M3BoMds s Mbm Lobgmdgdo. 853 BL3sdo s@sdosbols
L5gd0sbMdom  godmfizgmeo bsgzol dmbgg®s Fgloderms bgdmogl gowdgdzmgdo  s9Hosb,
900b5M0L {goedo FgEsbowo 1533900 603m0gMYOIBOL, 356se0BoEgool s8(dgbwo boggdmdgdol,
360903900 mdols s 5@IMLBIOHo 65¢rgdgdol Begsdo Boobgdom. 93EMHMB0IsE0s 8530 BL3oL
9439057 00350bB0bM LogMmbgs o 51939 MOEIL 353w9bsL sbEYBL Job doMIMZ3ow R MHM369dsDY.

360099900 1960-056 Fengddo sofiym 9F3569 Mg3memioom, HmEILsg 3OG:MdM9Tgdol gsdm
§9oc080 5605000l FmbToMrgds goHsMs s BLIGOBY IM35¢0 3MEbIEo MEYbOBTO soM3s (Mee,
1992). 933M™™Mx3035300L Mdeem Bobgbo 9GOl Ls33900 BogmogMgdgdol FosMdo GsmEgbmdom
§o63mdmds, 53 d0MH0msEIE  LMBEoL  dgmEmbgmdsl s dMbogodswe  Bsdobstg  Hyargdl
35939060005 osbEMmgdoom 80% Lmgwrols dgmMmBIMdOEL, 15% wMmdsbmwo Jywgdowsb s 5% Lbgs
095600900056  (daMobmgs o Lbggdo, 2005). g3EHMMi3035300L Msdgbodg GHglmmlbo Tgodwgds
050053098 3mb3M9GMI™  HIMOGHMOOL  5EHOWMOMH030  300MdJPOL  gomzoolfiobgdom.  0d
990:mbgg390d0, MHMEILSE ©OEO  Jogrsdo BEYGPIMIMOL  gMglosb b bgzmsb, Bmbogodswrm®o
39650BoE0os  93GOHMB03o300L  Iez356M  Fgomml  Fomdmaygbl  (booggzo s  8sdsgzo, 1997)
56093500l IEOIMO S FMZ5WBIMMZo00 Lobgmdgdo b3gMEdMmOZ boeMdL 8530 B@30L boengddo.
De30L  d3gbsggdo  Fboligeb asblbowro FobgMogdols ©o gbgMyool godmygbgdom 0BOEIDS.
05sbmz9b0 396565900 0339090056 396501990000 s M350 bGd0SE Lbgs FbBM3gErgdol dibggM3wo.
99 33900L %5330l 30053500 MM ddmdimgzdgdo s BMHOb3YEgd0s. gl Tobos ool 33900l
%5330 ©5 MBOM s MBOM 6530705 258m0Ygg6gds 306300 115339090. BIMBIBO AsMEo0ddbgds
90bgMmowgdo,  9gb3Mg300L MPy39G0 3OmEglom dmger Jugedo. sboOHM3MAIBME g3EBHOHMFBO L
9b5EMA0HO 0M0BO P93 gbs 5J3L BMMIsbIBHMEDY, BoEM3sbdEMbby Bgdmddgwgdom (Bsoig30,
1997). ©sd0bdm®mgdol yzgewsby 993565 608sbos 8985390900 39B5¢r0BoE0s. 93339509899, MM 53
39®EHHMGoL JobyBo BE3sdo Rsd0bsty Fywrgdol Bs8390, M3 2obLE3MMMmIBOm O FHZMMS©
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0d393>  GHOOLGHM  LYBMEDBY.  6330MOL  TMLEbEIGMBOLMZOL  Logsbowobogom  Bgdmddgwgds
206Lb30390w0s. BoxbryEdo BmEEms399d0LmM30L sMLYIMBL 0bxgdiommo Bafersgol ssg39wgdgd0,
HMPMO0E BHORBO, 35M5GH0R0, 30¢0MmI0gEoGH0 9B 0sMYs, F9dmf39wo d0EIMMHGdIMmo brzol
9ol 39@gsdz0m. mMasbmwo 6030096909000 8E0sMTs [gowds godwgds godmofgzoml fywrol
2593306035md5 s 89593060Hmb B3z0L d39bsMgqadol JoduodoserMo bLow®dg. gb sbggy BMHOL Fywol
00mJo80MM 75630500Bg mmbmgbsl (BOD), H596 35d&H96M0930 boFoMmgdgb 76300 3obsgrobsgools
™mO256Mwo 503009MFOGOOL QoLOBIPAMMIOWS©. DMY0IO 3500E5HT0, Foblo3MMNMHYPI0M EHoobosb
LoBs30MMIdLS O JuEs®To, g BoMME BOHEOL FglisdegdEIMBdIL, MM Fowobo Hsbadol Laghomm
953w qL. 59 5BmJloM® 306HMdYdT0 Fyoswo begds 8530 s dogr0sb bLybosbo, fgowdowol bvyemaowols
LBoL Igmby. U Fo30 B9bs MBgBILo© MBOEMEbEIMS, Mo sOBYDMBL Fbmem M8gbodg Labgmds,
H0Igenlbog  9gderos  2o0moyggbml  slgmo  sbogmmdmmwo  30MMmdgd0. mMdoool dogo  Bwzol
L5Bs30MMYBOL s35d06INMYPBgEms Bmbs399900 boB3gbgd0s (3bMOTo 8.

35600 8. mwMdgomol 9530 Br30L LEB3OMMIOOL sTsdOBINMIDdJo ©oBZommggdo (GEF BSEP,

1996)
@©B0B6ArHgd0l  BOD TSS N TP
Bys®mgdo (Om6/f)  (O0b/f)  (Oeb/f) (G fe)
15358y 38,687 161,369 1,577 2,188
0bnGOomwo 6,119 6,540 7 69
80ty 18,090 4,120,000 1 3,600

9530  Bo30L  Lobsdomm  olobargdgdol  LMexgo  bOs,  Lomsbsm  M@dsbmero
39630006Mm930bmM30L  LoFoMm  Mabbgdol bBo3wgdmds 60dbsgl, ®MT os  39BsgroBsgos  MBYdS
093539090 s B350 0l 25O, 45dmbogbo 33z 8g0Eegl sBMEHL s FMLGBMOL, Go3
230602M3MBL  yowd39656M9500L BMEL s 3313 3980393l §Ywrosb Hobadsol dmoEgdsls.
39b65¢00BoE0s 81939 Fg0deEgds 256obowgdMEL, MMAMOE OHgLMMLO, MHMYMME bobwydo. Jogsd gl xgM
36 5O 3M97dBH03MW0o, MR FsdE0bscmy Fywgdo d0bdMMEgds bsMBgbgdom, GMAwgdol dgoEegl
53653 BH™MJL03MM Jodo3odL, OMymM3 LsdMgfizgwm, sg3g Lodobsm go®mgdoEsb. Mg Farol
206053Mmd530 350390 5MOL (36MdOOo, M 3dodg g@Eowgdo d90dewgds 0gml dor0sh GmdLozm®o
Q5050 3mB396EMIE00l MMLLE 30, Toa®msd dookbgzs, MM 5@sd0sbols o369 bgasgzwgbs qocmgdm
30HMdPPDbg, 3MBIBMOZ INEWMPOH 3OHM3gLIPMD FgsMmgdom, Mdbodzbgwrms. Bgmol swzmol
dbMog, 9530 B3s 5oL MGBEoMTo JOHM-9JMHMO Y39w%Y) GZ0MHMYeo abs. 2005 Fgwl 55000-bg
9305 399ds, 8500 oL, momgdol 6000 bsgmMdEBIGMHBs go0sMs dLGMMOL LOMEHGdo s Jomo
M39GJLMBS L0 BogmMdOL oBMgdgEr0s. dobstg ©Mbsol oo Tog Brzsdo Fgdmbiwyemo
110,840 BHmbs 65300md0B 48 3MmEgb@os (Bsogggo s 8585930, 1997). Bogo BzoL Lobsdomm
93996900L Bgm0om 809H dOBAMGBdOL Fobggbadgo FoeofoBo 57 404 BHmbss. s9s5bmsb, 65300MmdOL
99000b3930000 3G IBoJboMEs 136 GHMbs / Fowofsdo, BsgMed sM650M0 0bgRMETs30s 6
o®LGOMBL 25005H0Z3gB0EE 396mbm sdmMgdol dglsbgd (National Reports, 1996; GEF BSEP, 1996).
3080 9 dmgdwe0s G530 BLZ0L BZMMDOL EOdOBANGIDS.

3600 9. 530 Bzol bsgmmdOL sd0bdMmgds (GEF BSEP, 1996)
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0oty Lodo®om  Grvmdobgo 06d
500bdMMgdol Gmbgoo ©3620065 B,
0 . o .
fgotrm (t/a) (t/a) (t/a)
(t/a) (t/a) (t/a) (t/a)
21,215.9  30,016.3
Lodsdem 5,649.00 - 3,144.10 - 7.30 0 0
0bmLEHGom 752.8 10,441.0 15,379.8
2.72 78.00 4,052.50  52.78
0 6 0 6
4,200.0
Lobdgegom - - - 0 - 5,169.20 9,369.20
000bsmggdo 1000.00 - - 165.70 - 1,473.00 2,638.70
4,418.4 760.1 38,299.1 57,404.0
doosbo 6,651.72 78.00 7,196.60 8 6 0 6

6530030l 8dodg ©s30BIMHIBOOm 5350 JO BdOLTOGH Bsbs3oMmMBY Bsmbol s BEMGOL
90090 Lobgmdgdo Igodangds IOLOBML s I0W3ML. JsGEsE, 360d36gwM3560 bosbo Ggodergds
3009l 3MIgH30Ms© 298mygbgdve FMM3z9dL, MHMIwgdog bwgds bBgmom dobdyMogds, mwydiss
300 o(dgbs B39vgdMHog Ggodergds 5Msd0bdMM {igoendo, od9body 33060l obdsgermdsdo.
001bgs350 0oy, MM bgmol  bmyoghmo  3md3mbgbEo  6EsmMsb  domgyMsEoM©gds,
do60m5©0 8B73M030 gEHMJL035300L I9JoboHTo sGL OLZYMLS. sTolmsb, MBgBEgl 99dmbggzsdo,
396L53MMHIO0m B30L Lobs3oMMgdBY, d96gdM030 F9BBGIS S BOMPYYMSIF0S 9YBEbEs© by
9090 0656MMdL s d06AHJdOL MbOL dglsdEoMmgds godmygbgdweo Mbs oyml bgs 9gomo.
59 oBbom 9odmoygbgds bbgoolbgs Lobol LoMgsbo Lodreegdgdo, dogMsd obobo sds@gdom
LoxgmMbal Jdbosb. vy sMOLHmEs®E Logsbo LsdMeEgds 30MHEI30M Lsbs30MMIdBY I0MZMs, ol
0939 989IGIM© 399650 MOPL 0bGHIOE0IH S LYIEHOWMMOEWG (3brmgMadsl, MMAME3
bgoo.

Lob@zom 3bm3MHYOOL FoboawMgdol G989y, 39bmdgo Lsbsd3oMmMIBd0WE, M9g3MEHMYdOL
3bom, 3sbdBHmbol WosMm3zgdol IJmbg  Lobgmdgdol swpgbs dgodargds dmbgl Lsdo  farol
206053cMmd5d0. MH0b35B0sL go30wgdom IgEo MM bLFoMEIds 03 Lobgmdgdolimgol, GMIdLsE3
3b™3MHgdol  obGHMMOsd0 9O  5g3m  3¢obdBHmbol  sMdgz0L  gBS30.  GHmJuogmeo  bsmbgbgdo
39LGH0E0EIdL Tg@-Bogargds 09gbgdgb, HMAMOE domE0JgdOL LobMbodL. 53 JsGHgpmMosdo g0l
39600030900, 0bbyJBH0E0wIo0, BMOROE0WIB0, 939M0E0EIV0, OMIWId0E JWe3zgh  BHI039dL;
69053mE0©gd0, MMmdwgdog Jeoggh bgdodmwy®  Fogdl, mEML0E0EROL ©s FMEBIEGBL.
Lsdfbotm, 39bGHOE0EIG0 03938 FIMYTML  BoMOM  Ed0BIWMMHGOL, TobsMggddo Fgwfglal,
93300l Logmabwol Fmb3mdsl s dofolidzgds Fywgdol, ULobdgwo Fywmobs ©s bs33900L
©5006dMMgdls, MMIgerms wdg@gbmds 39bEH0E0dOL BaMhgbgdl dgoiagl. dombgogs 0doby, Hmd
39LGH0E0IdOL EMbY BmAss© h3gMWIdMOZ B0, 3LEHOEIYO0L  3MbEIBGHMLE0s bgds
1533900 X9330L 399 H0GOOLSL S 0l dOMIMBEIBEHME00L Lobgwrom sGOL 36Mmdowo. 3gwwMo
06900l s 50530560l K BIMMYEMBOL Fggagdo 3d0dgs. 50sd0sbol bbgreol 3bodgdo TgoEegl
39LGH0E0IAL 0lg3zg, HMYMOE 339MEHLYIRMIOIOL S B3GMTSGHMBMOEIOL.

56599060m39 39LEGH0E0©IO0L MBgBHIL@dS oMoy gbl LOBMYBME MEYBME JoTo3sEHIOU,
393930605, HMIgerog 3moEegl 0936 36mdo b LsgIzm 3963gMmYIbL, ImEoagbls s BYMSG™MAIbL.
LsdfbsdmE, 39bGHO0E0IOOL X SBIOMYIMdsBY BgImJdggdol Tglobgd oG MsGMMs IFoMos
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(gbMowo 7). 099 3gLEH0E0 g0 153390 B3799EgdMOZ 5d0BIMMIOL, 040 90353L 3gLBHOE0IOOL Ladod
Mmbgls, Gog BMEOL 300mL, BxoMMJ3930000 H0HIdOL s KBIOMYEMdOL Bbgs 3GIMdYINOL.
20HMHOOWO MomE9bmdol dowgdom bogds 15339000 sMLYdIWMWO 39uEHOE0PIIOL FGEHO BIGOMBONO
b90mddggds. ©sd0bdMMdOL MBGm@ Fbs3zmeo Bm®mIgdos ddodg IgEHOWwgdo s MmOPBMwO
Bogtmgdo, Hmym®mogss DDT o dm@odem®omhgdreo doggbowgdo (PCB). olobo B©3sd0 4900056
90006560 B3Mbsgbol yHom, 56 5EHIMLGYHMTo dEBZMHOL Lobom b {30dol Fysedo. 0bbydEogowgdo,
MymOogss DDT s Byzool boghomgdo, GmImgdog gds@gds 396%0bl, MGmames s6@0-393969960
Lodmoegds,  BEgsdo  359M0sb  Fgdmeob. ©bmdoL  BsdMTomgdobs s Ubbgs  bad®ghzgerm
300339gbgd0sb BmME30gEEYds 3359¢ol gdolbool dmboGm®mobyo, Joa®sd oliobo Fo0bs godmymazgb
36003690356 Mom©gbmdsl GrmdlozmMo bogmmgdol sGHImMbggOmdo. HMamGE 36mdowos, Jodommo
Bo®bgbgdol 80bstggddo goeMmgdsd B350 5@5d0sb0 0dlbggM3ws, 4bls3MMEMmIdom 053mbosdo,
Loog FgMHIME0m s 350080993000 IModzwrs sd0bAMMHYdIe gsedo Fm3m3z9dMwo mMg3bBobs ©s
J43060m0ol J0rgdsd gobsdommds.

09300 9dodg dgBEswo LHMsxgs dgofimagds fgsedo 8ghgMadmewo boergdol bafoszgddo s
Bga-Bgaws  0ggdgds, Fom FmMolss - 39MEbarolfiysero, LB3owgbdo s M350 MOEOMOJEHOMEO
0bmEM30, OHMIGoE 298mYmBow0s doOM3Ywo bsMmBIbgdOL 5353999539090 LoYMMmIO0IB.
5955056, Bmyoghon 9dody dgEowls, Fogdw0ms, 3900d0al, boergdgdo o6 58mMmYBL s Brzol fgsedo
oblibgds, Looi obobo MRGM bgwdolsfizgromdo bogds 3bmgzawgdol b brzol dzgbsdggdoliozol.
3OS Bododo Td0bIMMGOEGOO M55 MEYSBOBITo OYMMZOw0, ABLLIMPMId0m T5d06, 0149
obobo 15339006 3mbrgbGHMmoMm©gds. DDT s PCB m®ogg atmgoads o0 abom, 93memaon®o
3065300l J535(0  IBHO390WI00 O  MOMEYBMBL 0056939090  M930560  Jumz0wgdTdo
65m©36md7900, HMIWIdOE 306306 BHMJL03MEm0s 56 byl »deols sm FoMmds@gdoo godMsgzamgdals.
9330390190900l 05b5HTo, 080L godm, GMA JgMm3MMO s FYzos 890dwgds 3mbEgbGHMOMmYdo
0gmlb  33900L  x53300 (Bog™od, ULodgboghm, LoBzsMRMgmoEsb Lbgs 3MMmEgugdoo  wbs
dmo0wmb), ®somodBHommo gwgdgbGHgdol oo MIMOZEGLMDdS  RTMYMBOWOs  BOMMIZUYIO
LoAMEOYO0EIB, OHrAMOoEs 390000, dmembomdo, M@MBo s MOMMOI0, 5O SMHOL YMMZIOMEO
33900 x53390 (Bs0E9g30 S Bsdsg30, 1997).

3530 D30L 93mEMyoE® LobEHYFsDy sbOMIMygbmwo Hgdmddgwogdol gem-ghomo Jmsgsmo
0956 s Lobgmds ogm BgMbmdowols s@mdmmo gegd@®mmboawmgdol GgMo@m®mos, GMIgEog
§oM0Moagbl  Mo0mb3eoEgdol 8530 Be3zol JOhmbozmmo ©sd0bdmMgdol fFystml dobsty
3603053bd s 80bsty ©H73MT0 (3meozaMm3mzo ©s bbg. 2004). gl dbmgromdo yzgusby 9dody
BOOHMZMWO  MJoJBHMOOL 5350055,  PJEMOO  dgdombggzs dmbos 1986 fiwolb 26 s3Gowb.
0530053003905©, 9353900900 0gbs 135,000 50590560, GMImgdog Jodbbol 30 38 Gsowmldo
3b™3MHMdBI6, sbg39 - 4993960 0dbs 5EYOWMBdGMOZ30 30MwBY30. dmy30569800, 93537793008 BMby
239B9OHMMZS, MY 3BMdOEo obs 6593000 dOEIMMYdOL BmEryemds. Lsdo ferol 3909y,
300093 100,000 500580560 6o 500LsbEgdwmoym, Moash 3sfdgbool 3HmEgMIdo Lsgdscmobs®
9839JAMO0 96 5©0dmBbEs. Mga0mbIo 456300Mm©s MHgdo BRMMTs30g00 FgMMbgmdol 3bmgguwgddo
©5 36003690m3bs0 go0BaM©s 993500900l ©MBY 5530560l 3330580, 3odML Rsm3Erom.
3969303100  9839JBHIP0 XIO o6 SMOL 3bmdoo. 93009395, M3Me0bols @S HMUBIPL  Jobgom
00MmmM3Mo  BsMBbadom g439wsty dgBe© bmMzgaool, dg9gomols s Bobgmol BHowmgm
B5fowgd0 sB0sbs. 59 §399bgddo 259mlboggdol mby 930X IM F0BIMES. BIMbMBOEIOL 535GO0L
©OML oo MDHYd00  As8mb03gdsd godmofizos ©gdobgds, ®mdol 33965, Lolbwgbs s
1033OWO. IEIBO0s, MMI Fo30 Br3z0L J39ybgdls s 93MM3sd0, AYMBMBOIOL Moomad@owmo
©00bdNMHIPROL Iggpo© 9B 530560 A9MHEI0E39W, oMY Jodmmo dmdg3bm 50 Faol
4968530mdsd0 (The Earth Report 3, 1992).

o3 dggbgds g0 B30l d0BAMHIOOL 3Hm3gLol dghgMgdsls, Ladfmbo®me, ol Lsbsdommby
90090569 9399690L TGOl 3MbLGLYLO FoMfgeo 56 sGL; sbg3g bMdOOos, GMI 180-220 8-bg d
b3y 833005005 ©s 93 890092509 G00Yy39569L 49630056 gdMETs g3MM3wends J3996gdds, Lododo s
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A™gbogzmeo bstbgbgdom. 530l gMm-gMmo 439wsBg MZoelshobm Fogsmomos dbsdosbo Jslidgdo,
OIgdog  90dmBbEs  MmMdgmol  LobsdoMml  gobfigmog,  Lobm3meb  1987-1988  {iergddo.
MBOE0sEOds 30609085, MMIgdo3 99 RBodBL 03393096, 39MezmOom sblbgL gb  B96mdgbo.
d9L505dobo©, LYBHOMBMYo 933900 A9RBs To30 BOZ0L BOBIMMIIOL EMbgLD ©s353d0Mgd0m.
3M5MGBOE0SYOH0 0bBMOHTo300L 0sbsbds, MHMIgwoE 890sdo FogmgMs, gb ogm 56 FbmemE
Lbgo@aolbgs Lobol bsdmgfiggerm bsdBgbgdo, oMsdgo DDT s dobo Fomdmgdvegdo, sbgzg PCB
(3mEodwm®omhgdeo d0gg6owgdo) s HCB (3gduoderm®dgbomeno) bsg®mgdo, Mg 093%gdd0
d90d@qds dmbgql 53 3Bom; 5699 3560 MdYD, MMd 53 39LMdTo bodmzbo ogm 39639MMYgbmwo
6030096905, HMIgElsig 339008 X9FZ0L LGSEgd0m 5sd0s65dBg Mbs gdmddgws. MBOEOsEMEO
2590mdogdol 99000 Mol gl 253md3994bgdvEs (Mdgmol 4oMgdml gmboo, 1995). vdgdEqL
990mbggzsd0, 39bGH0E0gd0L s PCB- gdol 3mb3gb@®msgos 89eMgdom ©sdswo ogm (03930 @
0505930, 1997).

50 2o, Bs90bstg Fyargdol d98s00agbemdsdo s®lYdo Esdsd0bdwMmgdgwo gugdyb@gdol
30b39bGHMo300 bs AobB3IL WMbYdY, 0y, HMI 93 MYOWMIE Ld0d EMbIL o6 Joswfomb.
39605 590by, B®35do hsdE0bscy HYgrrgdol asbBs39d0L Fots, 53 3MMmEgbido dmbowmobgwos dsmo
0635 obgdol 89095 953 B35d0 AooEbs.

D940l 45000mds

5Q05005b0L  dogt  9bgMool  Asdmygbgds 93mboLEGIL Lbgs ©odsdobdMEmIdWgdL, 39Gdm,
LoBdML s BobToMMEFBAL MToBHYOL. Lobs3oMHM s JegdBHOHMLIEYMMFOOL Fogh 59mygbgdmero
3005200090 Yoo asdmoymas OHmamME mdoo {igoero. gl mdowo §gowo wwgEEGmOos
d000gd5Mgd 33bmzcmgd0 MmEMReboBdgdolmzol s sBY3g s9;30M90L fyarol Jogm obydoOL do@EsMgdol
39L50¢gOEMBL. 53oLSB, 030 LEGIRSE (30300, MIEYD 0Q0 MBREOM TosM0 [yeol dolsdo dgol,
23530 gd00 I;3069 Dm0l fgwob Mmd0g]Egomsb dgamgdom 30, Brzsdo dgdmbivyen 83039 Bsdobsty
P9angdl  dobodsrnMo 9839dBHo 9d3L. bobBoOHMEFBOL  gobMOo MomEgbmds MRmm Lsdodos.
BobdommE#obaol  domoro mbol 4Mmdgwgsosbo  83gagdo SGHIMLGIOMTo Loogms. sdsLMb,
393H9IMOMEMYGO0L  dgEHalmds mabbdgds, Mmd Lofyolbo dgogao 0dbgds dmger  dbmgeromdo
5GHBMLBIOHMo 3H9d3gMe@ Mol d3oMg BMs, BobTommemysbyol dogH Imfimoadmmo sds@gdomo
0BMs300L 89939 ©sdom LoMdML o330l obssmdwgy. v gl BOMEs FoaMIgEEIds, qu
0gb9ds 8603369m3z560 (33000 gds ©YEadofol 3¢r0ds@wy® Bmbgddo, Mog 3s9mofj393L 960d36gcm3s6

930006 (33090906 HIgengmbyg, 933650 Pywgdls s Br3sdo. 53sbmsb, MmMwos dmErosbs
3963L5%B03MM® 300dsEol 330w gdol 4o3eabs B30l dom@by (Sezgin et al., 2010).

OO

3905H030Ls s Mg3BoMdOL  9MEFOEIGIWMBs  5835M0©  9h39690L, HMI  6530MLLTSRGMO
6533900900 3mOEHRDge pomgzerowo. Dredge slurry sGolb 9mmseglgdamo 309639606 dsM#9dd0,
MH0Iwgdog 9650aMH9096 5305600 SMLOLMGZg  BH30Mmb MTs figswrdo, 96 dowoliogbgdom
90900690056  LgMgambg doffol  FgEomMsgoom. gl Loddosbmds  gogagbsl  obgbl  Mmymes
mM56003%bg, HMIgwoa J3gdmb 0FMm9ds s 3sd0GEsEGTo bgpgds, 0bgz 0d 0gdgdolL bsdwswgdom,
Igdo3 dobsgdo d/0smdgb. BowGHOOL 0dfmEgdwgdL bFoMEYdsm TobLoErol Fgo(339CMdS
§9odo, MH™IGEbBgs Mbs 03300, JopaMed mmobol 9330030 LodEbdMMg s Moo J308s sx39MbIdL
0500 o@GHMmgOL s oEgdL. sBg3g bmMEogwEgds LEblMYdOL gsfdgbol Lsdmdsmgdo bMHgdol
005653900L  Jobbom, 2oblLogzmmMmHgBom  sbars, MMmELs3 bdgwgmby ©I3MBoGIOo  offmEgds.
306399l ymgzeobs, bogoglag®gwol bowrgdgoo Ghgds Bm30L i3L3gMol BEMMIGHWMGOs©, Mo 53
Bogrgdol  Fgmg3BggdoLmzol  3MMd9IgRl  FomImoagbl. bMgTol  asmbMmsd  dgodangds  SLY3Y
39900300 gOHmbos Bezol gLgHDY, Moyd Bogrgdgdo Todysgm golisbbuMgdgro bgMgergdol
F9logLgds. o bogbgdol 2993565 BsgmMMBOLS s dYbgdMOZ0 FoBOL LobsdoMmBby Jdbol dbmerme
©OMGO00 29M9dmb, Moysb Jowgdo B3gmEgd®og 03Mmgds LsbyMgddo, MMIgdoaz dgdwgy 03LYds.
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dolbogbgdo, ®mIwwgdos “9bs s0gmb J30dol GHoweolb LobEdgdom, bmyxged GHowemgdol
09939Md00 0blbgds; Tglsdsdolo, obobo dgMdbmdostgbo bgdosh JoHodbergdols s mggBomdols
9mfiymdomdgdol  80dsMm.  sdmzwgbowo  Bologbgdo  dmbmlos 08  MmEMYboBIGRoL;m3z0L,
Hdwgdog h39MwgdmHog 3wm3zsb 3139Mm9ddo d0bsEMMBID, Maysd obobo FoMdmowygbgb dyse
B9o306Mb.

wsbe Lsbgmdgdo

9530 B30l dgergol Lsdbmgmo dbmemo 30(60m §y39@0wo Bmeos. bobsdomm Bmwdo 56
36M0b  §ysedool bwyexzoEo, Bopa®ed 3mb3IbEHME0gd0 LGRS 0BMEIds MYMIMIEobol J39d
MROM 0Ods  MaMmgdol  fgwol  GgBomomo  396@0wsEool  godm.  Gglodsdoba, dom@Eob,
230BLO3MMGB0m Fo3MMdIBMMMO LobgMdgdOL MomEgbmds LHMsxks® 03wgdl LoMIoL BOPILML
JOM©. 30MmEHM3900L IM035¢RgMHM369ds Jobol bgmlioyg®gwr 306HMdgdL dsgo Brgol MEbm x0dgdol
399mFHoLm30L. LoBEZsMm 09gdgdoL G900 Mds S LEHGMJEHWOS BvEB035 OEZEYdS FoM3IZJMILO
Lobgmdgdol 9930Mgd0Ls s bbgsms gogs®mmadol ggmbby (Sezgin et al., 2010). d9bmvMo 3H9d900
8530 Bo30L 93mbLoLEHJIL doMomso 3mI3mbgbBgdos (Kirkim et al., 2006). dsb 8909y, M3
55905635 D300 FmPbommMds ©oofiym, Mbgdwogm My 4bBMb  osMMz0s  gAbmGHIMGO
Lobgmdgdol  Lsbsdotmm  fyamgdol boddz0g. Dmyogamo LEBOIsm  3580FSGHOL  2owseglgdsd
MbmMMo Lobgmdgdol dgdmmgdol JoMmgamEoMmgdgEo 356mbgdols s G9dbmemyool s®sMLYdMdSD
05BEHNMMO Ywgdol LsdMowgdom, bgoalibgs bobgmdgdols oaMmsEos godmofjgzos.

1968 Fgeb oz Brgsdo sbogo m@LJgbosbo Lobgmds Anadara inaequivalvis g53mBbo.
0bmgmol s §yboto m39s60L gls Labgmds ozt EgEgdEos 830 B30l s»Hdo s MBobsbEMMo
Lobgmdos  (Zolotarev, 1996). 53 «zbe Lobgmdol Foa®o30s, LgsMIMME, §Yybsdo ™m39560@6
B30 399900l dseabBM Fyserdo dg0mbggz0m0 GHMIBLIMOMEH0Mmgd0m JsbbmMEogws (Fogobs
©5 39396w30, 2005). vgbm Lobgmdol 3093 gOmo M35¢LsRobm Bsgomomos 3mddoboMgdweo
99c0mbs Mnemiopsis leidyi. 1980-006 §iagddo Losbsdodm figewgdol 93G®MEB03eE0sd  gedmofigos
BoBM3bgBHMBOL 59353909, B5¢9ddol BEM©S s 3o8F30M35Mds. 1988 ool M. leidyi- b 959mFGol
990900 999300 Ao Bmbol Loe®MmIg ©s BsEY]gdoL FodEogMgds. 536 FocdmJdbs
0sbMBMO30 3330900, 63853 993395¢s TTMdEOMGmO LyBOZsm g3mLOLEBHIIGOOL FmboLFmOm™dS.
595L006, 9909hbg3s Pomdmgdols mbol d9dEoMgds, MrmymeE dogo bmgol g3mbobEgdol dg33wol, obg
3900 FMdGOwI0 093BsMdOL odm. 5356 Rapana thomasiana- b gomblibs oo Gom@gbmdom bs3gzgdo
®d0gdBHgdo - Mytilus galloprovincialis- ol 3egbg dgbmgMado Lobgmds, mdgwog SOMg oym
EOLAHMLOMSL SPP. @S 5396 A9FMOfg00 53 FBHOEIWOL MomEgbmdol d339mGo bes (Chikina and
Kucheruk, 2005). ovdgs, 2000 gl Lo@umogos 33003 M035¢rwMo@ G90339¢s. ©sg0dlods R.
thomasiana- b Mom@gbmdol 933900H0 Bgd0Mmgds s M. galloprovincialis- ol LOEO SGIOLGDMDS
30M356 LYPBLEMEGDY. MBOW BLZYHDY, 53565 MomEYBMDY 335MoEME FgBMBY MmomJdol 1 ogm,
dmbOGowo Chamelea gallina 3o s ogm GgaoLEMoMRwO.

53605, 535659 do0sbs 99Fsds FoGow Lo 3erggdBY O 2930 J30dgdd0, Lowss
056 000gddoL gosbsam@s C. gallina- b dbbgowo 306gd0, 03039 396dgme@s 1950 - 0sb fangddo
(BmbBobo, 1961a, d) ULOZOIMEMS, MT BOZZ0L  EHMHZGPOL  FsbMdGOZO  oLbEGDS G0l
935390990 3390bmgm®ol M. leidyi- i 93300060 8993060900L 89@ga0. FoLds gobzomMsMVD AsLweo
b537960L 90-006 §ergddo Asdmofiz0s BMM3EsbdEMbOL 35@VEHOMRBMO ©J39009ds, MOLJgLosbO
larva- b Bsogwoom (ymMEobs s Lbggdo, 2005). 36g30m3Lol Lod@Msgerol gl G930Mgds dmbs
Logsergdyemm ctenophorophagous ctenophore Beroe ovata- do 8930l 580, Gs8sg as8mofigos Hobs
3eobgBmbol bo3gggdo xsF30L swygbs (Svetlichny et al, 2004; Anninsky et al., 2005; Chikina and
Kucheruk, 2005). 5855050 @30L30Ms ULEHWIOIO 00wMdgomol  Fsz0bmgzoldomgmol  domgen
L56530MHMGOBY MBOM A50MEGRMo  HYP0m HB3Jd0b; gu boTdBogl, HMA LsbsdoMmm Bmero OO
Bgfimeobl J43gd se0b, sdlizgbgdgumms 3Mmboom. 3sbagmMHgdomTs GHEMa3gHTs Fgodwgds osbsyMmMmL
9396509900l dofjol LogsMo, 1939, 98gmdgds bgds J30dolb owbgddo, MMIgw b3 Moo
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93396569900,  o290MO©  BoME-dosbo byl  »Mdwol  mogz0l  sI330MYdL.  LoBLgom
930L0oLEIGOL LoggHmby 93mJMgds 580560 353wboL A5TM, dobdMMmEIds Jemgsbo badoMgdog 30,
HIwgd0oE, 130l FbM03, 396300060 MB0sb bgenls.

2.2 595006390 gdol 9953¢09bs 3909gdmby

9dodg dg@oemgdo
5Q0590060L  15dd00bMd5T, MMAMEMOESS Lodmm dm3m3gds, JodowMo s LoymBoabmzmgdm

Bo®bgbgool  aoogMs, ©bmdoL bsdmdsmgdo, Bogzol h3s @O HY300L TGOS VgbHobdo,
36003690m3bs  goboMs 8dodg ommbgdol Mom@nbmds, MHMIWgdoE 30M3woMgdgd LoBgsm
230699080 5 O HB0sbL 5ygbgd9b Tols. Lo LabMzsm FoMGTIMT0 Q906 IE0bsMOL Bodmbogbols,
3BHAMLBIOHIEo IBZOHOL ob §3080L Fywol Lobom. 1988 Ferol dmbsggdgdom, ymggafierow®a,
Q59bEmgdom 7 dogrombo Gmbs 8dody dg@owo 0y®gdmEs asMgdmdo s 3soo 75% dofsdo sowgds
(0gsdofiol  sbgo®odo 3, 1992). sbggg @Ebmdowos, Mmd 9dodg  FgBHowgdol  gobsyMmgds
9999998905 @ 0LOBO GOMO JodoMHO BogMMOEL dgmedo aswsobl (The Earth Report 3, 1992).

3ddodg 89B¢ogdo Lbgowolibgs Fystrmgdol Lodreegdom bggds LoBE3sm godgdmdo; domo
BBMBom35m0 ol godmoym®gds (Rashed, 2001):

1. 3bgd6030 fyo@mgdo: dg@owgdo 33b3gds dmger ©gEsdofsby, Jsbgddo, boswoydo s
3990l HBr3zsdo 3MB3dM030 3MMEglgdol, sdobols s gMHMBool Fboo;

2. 0bMbGH®omwo  fyotmgdo:  bsdMgfizgerm  3MmEglgdo,  eblagMmMgdom  wommbol
050069%0L Im3m39d0Ls s ©849853900L, 0mMMbIdOL IMs3MYOOL s sTMTs3900L s WomMbol
LogbgdolL FomBmgdol Lszombgdo;

3. Loymgoabmg®gdm Bsdobs®g fyamgdo: Loymgsbmg®gdm Bsdobstg fywmado 8goaegt
39owgdol 3603369em356 Mo abmdsls, ddody dg@Eewrgdol 4930 Egwgds Lsdobosm GG omgdqddo,
HMYM0E 3MbdgEH03Memo 56 359(dgbo LodMeEgdgd0, BA0MmOE “YAIEIdILIYMIBOL0s;

4. Leageool  9gmEbgmdol  fgodmgdo:  bmgeol  dgmEBmdOL  asbdmbEgs  8gogogL
39LG0E0YBOL S LElwydgdol baMhgbgdl, HMIwgdoE 99033l TgBEowgdl;

5. 6503gd0L Bs8Mbsgbo @ ysHo BoBgBIBOL 4o¢9bs;

6. 5@IMLEBIHIO BOBAWHGdS: omMMbgdOL 8g8339w0 35939 3009d0.

IgBoagdo bagrgddo
LOBEZoM  2o0Mgdmdo  dmbgzgEOMOLSL, MOYBMWO S SMOMOYBMWO  Tod0bIMMGDEGdO

396Ls3MmGgdom 3d0dg dg@owgdo LsdmemmE bsegddo aMmagds (dM0560, 1980; xgbobalio @s
RO g»o, 1980; cowmmds, 1983; Logrmdmbgdo s bbggdo, 1987; BHgbog s 3903dgeo, 1987; wrmds
s 3m, 1993; Ingersoll, 1995); Ls3o39%0 96 bogaMgdo begds (Warren, 1981; Waldichuk, 1985; Mearns
et al., 1986; Reynoldson, 1987; Dave and Nilsson, 1994; Phillips, 1995). bsegdgdo sbg3g Fo®dmaaqbls
9ol 3500GHeGgool 93mma0ms© 3609369¢m36 3m33mbgbEL, Lowsg wommbgdo, Gmymes
2OLgdomo, 1939 GHMJLoZMGOo, Tgodergds Fgogzscml bofowszgdol, goblbo ©s domermaom®
g30HgdL  dm®olL  (Ggobmebmbo ©@s ©go, 1993). bogrgdgdo B30l BgGordaools ©s Lbgs
A™JLogMOO  FoboeEgdol JoMOMIEO FobymBowgdss dz0Mg Bofowszgdol bmdom (©g3zolo-3mero,
Bgelimbo s Moosdbmbo, 1984) s 8903o3L (339¢gds© 3MbEIBEHME0gOL OGMAMOE s®LYdOMO, 0lg
3M5MLYB0MO WomNMbdoLs (Bowodbo, 1977; wwmmds s dMs0s6o, 1978).

LobadoMm  Bmbgdby, AsBLIIMPOIPOM 30 MIMEMBME  ASMgIMTo  0bEMLEHMOWMWO  ©
6936953079000 FMmNbmzbadol oBMHEOL 2sdm, 53 LobEYIIgOL MBOM s WBOH™ dgGo bGMmgbo bzgds,
05053 390m0ofig05 3500FSGOL  390MgLYDs s od0BAWMMYds. 9856 Fgodergds godmofigoml dogbg
b9dmddggds 89bomzsb s 3guegow® 0gdgd By, 93bomdsby s, LHdMEIMME, 9ET0sBOL
X96IODIMO5BY MMR60BIFOOL boengdmsb MBmswm 3mbBEdEHOL 96 sdbIMMGdIMEO Bafows3gdol
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2300009030 J3930L  fysedo bgsbs Gghgmgdol gBom. LoBEgsm LobsdoMmmgdo g9wMo dbgdol
MomMglo  36003bgem3zsbo  3500@OGPP0s o  Fso  094gbgdbgb, MmameE  Ls33zgd  Fyomml
HMBL3MOEHOMGPOLS s BoMAYBgdOL Fmboggds (McLusky, 1981). 3Mogoeo mMysboBdo Fbmg®™mdL
BoangdgdBy, 9s0n InGob, 86350 §3mbmInzMow 360d36gwwmgsbo Labgmds s Labgmds, MHmIwgdos
dmbofoergmdgb 33900L %53390d0 S HMIEGdOE LYoOYMBOMs© dmgdggdgb LsbsdoMm RMObzgugdls
5 Logmblighgsgom 360036gmdol mg3BgdBy (9sdlbo, 30dgBwo s dmMbyBo, 1992). LsBrgsm
3500GoGol o335  T580b6dNMYdMadOL  250MmYmzol  J9IRO®©  IHB0BGBOLAD Bmombmgl 53
0505006399650 gdoL Bmbol MBOL gosBMGdLL.

MBOm  99H0G3,  9360m3530060L  (9360035380600L)  go6gdmbEs330000 3MWOGB03d
30b39bGHM0MPMos  5©5d0s60l  bogdosbmdol  Fggas  dbgdcmog  LobGHgdsdo Ts3bg o
3M5LsLMIMZ9E0 (330 gdYOOL  FBLIBOZMIDY, (33w0GDdJOOL oBoJuoMIdOL F9dgy 30 ofygdl
9969%0963H0L M953060905L 59 33owgdgdol dgdlwydydgdol JoBbom. MSFD (Lsbmgom LEH®sGHIR00L
BoBm oMgdBHogzs) 5agbl Lsbmgsm LEHMGIR0gd0L Tgdadsggdol BsGBmL Lsbwzsm gs@qdmdo GES
(39630 93M@Ma0MMH0 LEASEGHMLOL) Bobowfgze, 2020 Ferobmgol, 11 mzoLydMOZ30 sefgdom. 8-8o
bsBgolidom s0obodbs, ®mI Bmzol 4oM9dmdo sdsd0bdmMgdwgdol 3MmbiEgbEH™ME0s s 8500 J99RJO0
mbs gi30bgl 93mbolEGgdol Bgdmddgqdol s LoxMmbggdol Asmzowolfjobgdoom. dgliodsdol
35303530 25HMTowos s3sd0bAMMHYPIgdoL 3MbEIbEHME0s (Fogooms©, dom@s, bowgdo o
§goc0) 0obg, MM YHOHMB3gmymL GgEoMgds Fgialigdslimsh 0bLEMydiool dglsdsdolsg (European
Communities of European Communities, 2000).

8530 BEzgs  OLEHMOOMWLE  JOM-9ODO  Y3gwabg  BoMELWMPONMI©  JEOOWIMO o
3OHMmOMIEBHoMo Hgaombos dbmgwomdo (Bat et al., 2011). @o@gs@M®sdo 8905090000 Js6M15©
6oL Iglfogrowo s ©™3MagbEoMadmwo s30 BE30L ™3YbmyMsgos. s0sLsb, o6 Ggodergds
00g35L, MM LEBEZsM BOBINMHJOOL MOl M 3MTGBESF0S 58MI[MEs305, 00 MYaoMbIdOL dglobgd,
HIgdo3  IBsMsmgdMEos  Lbgsolibzs 1oddosbmdom, sblszMm®gdom  Lsbsdomm  Bbmbyddo
(dogm3sbo o Lbg., 1990). 550056900l 063 bLowMHTs 296300056Mgds Fogo Brzol LsbsdoMmgdby
390d@gds JoMmYM53000 990093900 35dmof30mb Lsbrzsm 93mbolEgdsbyg. 8530 BL30L Lsbsdomm fgwol
396099mbg  J0M0MOIE  A93ghol bl BMOHM3MYgbmero dmddgwgdgdo, Gog ofi3g3L bwzol
Boangdgdol  ©sd0bdMMgdsly  ©odsd0bdMGMmBdgdoL,  goblsgMmMgdoo 3dody  FgBewgdol  doge.
09MHggool ds30 B30l Ggaombol d0gdo d0EsMos JobyMmOMEO LodSEMIdOm. 2oMs STobY,
0Mdgool dsg0 bBzol Mgaomboll doMomoo 0bEbGMmommwo (396GMYdos: M3060L Gmesol
©5b5oMg00  3oMdM3LS o 9Py do,  JoGOoaBol  MdMYEIEOHMLOEAMH0, BMbymeazol
000090569 GHIM0GHMO0sDY  J3565bdoMmol  Mgaombgdo, 3MEgl  L3ogbdol Fo@sMMml  LsfoMdmgdo
0000656y  BoMdsbsdo, bolnebolu, UL3ogrgbdol dm3m3z9d0L  3sG0gMgdo  HGM30BMBTo, Lsdlbwybol
L3ogbdol 25053584995390900 MBd09JEHJO0, FMHANEOl LB3oegbdol Lsfs®dm s FogdMol JsMbbgdo,
Jowowol, amyoMdxogoL, d3gbstgmmo  bBgmol, Bsol, ombowol  FMM3z0L s mbogrol
36 GH9d0L, 093%ol Bdz0eols s LBoasMg@oL FoMmdmgdol Josmbbgdo. Ggaombol wommbgdom
Q©o00bdNMadmo  dobowrs 8gerg3ol B0admdo  s®fggl OHmameE dobsMggdol, sbgzg boswogol
96HMBool gbom. Lsdomm bsdMdsmgdo@b - G30bol Fobgdo, 3060l dsbydo (Zn, Pb, Cu),
J356568060L dm3m3zgds s J3sbsbdoMol afizs sd0bdMMmgdlL asgdml (Helios Rybicka, 1996). G 3060l
0500690%bg (30p. 29¢gbs, Joam3zm30M0GH0 ©s 3060F0) Lsdmm s 29s35dds3909w0 bs@Bgbgdol
031569905 blbso LM gsEol BogMmgds s bggds bosagdo. fywrol LolEgdgddo dg@swrgdo ofjmzgb
3o3099doL  3oMdMBoEHOl JobgMogdl, mobol JobymMowrgdl, MMyt BogmogMmgdgdl s M30bol
mgbool  3o®mdbogdl. Kanzkan and Buyukisik (2012) ULsdbGgo dsgo  bogol  bowrgddo
0©0ImB9gbo0s 8dody 8o30 omMmbom VOBIMGHIBOL God@o (W06 6969 Fwsdwg BP) Gmymeg
41,94 ppm Cu- bogol; 17,47 ppm Pb- boogol; 79,5 ppm Zn- boogol; 0,14 ppm Cd- Loogols; 61,0 ppm
Cr- obomgol s 0,03 ppm Hg- Logob.

dmm  SPEgMgdol  496353¢mdsdo, Togo0 Br3s 396030 BIOMM  BOBIMEHYGOL
690353 093BoMdOL, FJmBOMEIZ0 FoIBOZdOL, Jos BsMhgbgdOL LsbsdoMm Jowsdgdowsb
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5 30bs61g9gd0l 096 A9GHIMPPYo ©T5806dMMHYdMGdOL AsdMm. IMIgmol Gogo Bwzol Hgyombols
000090569  BHIO0GMOH0sDY 90030 ©O0EO ©s J3oMg Lofo®dms  (L533900, ULobwydo, 39dgb@o,
39LGHOE0IOOL,  BHIJuGHOOL, 3eolBIsLol s LogaMg@OL FoMBmgds). sgo Bezol Labsdo®m
LobBgdgdby MBOM  TgBHo  9BEIBL  Fogwgbsl 83 BMOMIMYgbmo  boddosbMmdOLD
2300m530bBgdmEro 3dodg 99BHoegdo. 3bmdowos, MM 3dody F9BHomIdO SPIOWOE AMHMIPYDS

xgL3YOM b5¢rgdgddo, MMIMIdoE oMbl ss30bdMMIDdMGOOL Ls3o30L BBzl s ofj393L
3530 B30l 4999909 GAL M93BFIMH0L, 3580EBHIOL, boergdgdol s fgwrolb bstolibol IbGOg.

©olgmlos
3530 B3ob Lsbsdo®mBy 8dodg Ig@owgdom 9608369cm3zs60 ©IBOBINMFIOL GodEo o6

sMLYIMBL.  FglooMgdgro  Bmbogdgdol  s0g500bgwo  Bo3wgdmds  Ggvydangdgel  boool
Q500b6dMMgdol  Imdogowo  3gbgbEogdol gobmdzol b 93mboLGYTgdoLs s LaBmysMgdMHO30
X9B6IOMYMBOL  5009339GIMO© ©O33L. 0, Looz 0mbs3gdgdo sMLYdMBL, olobo gyhHbmds od
9900MEOME™Y0g00L  259myqbgdsl, MHMIwgdog 339 653900, ©9MY300Yd)0 Fodm3IZeI39d0
3MLGdMEo dmbs3gdgdo (FbMowo 8) 90560369dL, GMI gl LoGwyszos LIMOMDBLE0s S Fmombmal
LoLPOoxgM BmIPL. BMP0IHo 30M6MYdsd0, LobBMASMIdOLy s 93mbOLEJIJOOL X bIOMYEMds
d90d@qds  LYMoMBMEsE  Fgowrsbml.  3608369wm3zs60  04bgds  MBOM I GHIMEO, 3MEILO
©53306399900L 498039 gds dmdsgs¢do 53 LoGeEool  dmbo@m®mobaolbmgol, gsblozMm®mgdom
LodMYH39e™ 396GHOJOOLS O FMOEHIOOLS s LOEEMBSOM BHIMOBHMM0JOOL FoMTgdm s FoMdmBy
om0 993e960L Ggufoges. 2000 - 2008 Fengddo, bsfowszgdol ddodg dg@oewgdol 3mbiEgb@Magool
39005609805l goblbgegzgdgdo doMgs. JodommMmo, GmJLoZMEMyOYMHO s J3MEMAOMMO dmMbsogdgdol
06@gam0mgd0m, fywobs s bogrgdol  ©od0bdMMgdsd  ogwrgbs  dmobobs  fywol  LggEby.
BOowmgo  sBs@meool dmgdo dmoEogl 93mbmdogwms 860d36gwm3sb dsbom® Lmewgow®
LodomBL.  LB3oEghdol Fobgdol ©sdx8s390s bgds Etibank Kire- b 9s0sGm8o, ULsdbmbdo,
3009Lw680, Strmene Kutlular- 8o, Cayeli- bs @s Murgul- ol Fo@o®mgddo. BO@OEMIm sBsGHMEool
930Mmbob  50dMbogwgm  bsffodo 9GOl mobol  Ladsmgdo, 306043900 mobom s  3oMdzol
Lodomgdom. o9z, o0 Mgaombdo sedmshobgl Pb, Zn, Cu, FeS2, Mo Uosdsmgdo. sbggg
36003690m3bs  ©s00bdMOHPMmos I0bsdg BoMBdIBL BLIYGMO gEHOBBZ JMOGL TobBHMb o
00000569 BoEVBL  Lobs3oMm, MMIgdoEg BYosMHYMdl hMHEOEIMIm  BsGmMEool  (396GHMSWME
Bofoedo, 35080 swdmbgboemos Cu, Zn, As, Fe, S, Cr s Pb gengdgb®gdo (©wdsbo s lbggdo, 2006).

d0bsty  Lotymbs,  Mmdgeog  ROOwMmgem  sbo@Gmeool  s@dmbogwgm  bofoerdo
(3ol Cu dopstm Sirmene- do) dgds®mdl, sBg3g ©d0BAMHJdMEos CUu Joo®@™MO.
BotbBgbgdo sligzg 0bobgds dobatgadols LoMabosgg smBgddo o 9608369cmzbs Mgmdl bawls
9000b5Mg9d0L Bog Br35d0 3o@adebsl (Duman et al., 2006). 508mLs3EgmoL s9B0 EsdOBANGGRWEO0s
@ommbgdom, Gmdgmmoz dgoagds Cu, Co, N, Fe, Sb, V, Mg, bomwm ©sbogemgmo svbo
Qd0bANGReos Sr, Bi, Ca, Sn, Hg ©s Zn @oombgdom. 8gmégl dbMog, s0dmbegemgmols
©3L53EgMOL 59HgdL BMGOL 5MBS0MO AsBLbZsggds 56 oym Mo, Pb, Cd, Cr s S.- om Fo®dmgdbogro
X3B0L  Lodoeemm  ggm  ©aa®mm3gdol  0bgduol  (Igeo)  360d3bgwrmdgdol  dobggzoom.
©0063NOHIPMos wommbgdom. xazolb Mn, As, P, Ti s Y gergdgb@gdol Igeo 860836gcmdgdo o6
0oym 396Lbbg539d9o sbol st ghm 3bGH®To (Ozkan and Buyukisik, 2012). 8s0swo mGysbmeo
Bobdo®mdools bm®dswobgdmwo wommbol mbggdo (Meorg) s edswo mMasbmwo babdo®mdsgdo
396599899005 396053900 HBmbsdo, bmwm smBHgdoL (3956GMT0 IO gAMMYOL S MOYBo
Bobdo®mdools Bowaeo mbgs.

b Lo@GeEos s0bLbgds 93GMToGHMM0 MOMREMEo Fsboegdol gobMom 3gMougHowwo
Bmbosb 5Bgd0L 396G, Fe s Al as8o®adwmo gsHgdol BsdoMgzol a%boom. 2008 Herol
33993900 3000mgdL, H™A bs¢rgdobs s LRms 31693Mm030 MMREWo BogmogMgdgdOL obsbergds
§96030gdbol rommbols sbogr sbsgmal BsBIOL Mol s MEYBbMo 65HToMBsOL ot 033wgds
3GHMIHoEB  93GMIBHMbMM©. BoEM3WsbBmbo SLboggdl wommbol Jgws@omgdol sa9bEIdL,
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Mom5 50335L 030. BoBMPIWHEH0bJd0 - WomMboL Lo3mMmEMmEPObsgom 3HMEJ300l 0s3sBMbo
303600m09BHM0b BsbmBgEHMsdgs. MWGHM00LRIMO A5TMbb03ggd0L ga3gd@ol ddmbg 3Gm©md@Egdol
bmds 80360MIgEHM0@B  3MEMoEOHO BEMIJ300L396 Bodbogl, MM Mmoo BEMIJ30s byl
PymdL AobLBo BMJ3090L. Mo <0.45 30 Bmds 3BMdOEs oblbowo GsbHgdol bobgwoom. 53
LOEGMYOE0SL 3MEMOEOO LoEwgddo 9HmEgds.

@00™bgdo mMsbobdgddo

ddodg 99BHoWgd0 gOHm-gMHmo 439woby 95369 ©sdsd06dMYdg0s LEBEZsM AsMgdmbo dsmo
A™JLo3MEOMBOL, 459dEgMdOLS s BOMLRMMZqd0L 3MHMdEGTgOoL godm. Focmsb s3953806MdMWO
9JOM-9MH00 JN535MH0 3MHMIWYTsd dOMRMMZGOOLS O d0MTsab0R0Is300lL d3mEgbioswo, Moz ofj3q3L
9ol mMs60bdgdol MM o Bydmddggdsl, 306 JoMEHM Brzol gomgdmdos. Brgol fyserdo
3ddodg dgEHoqdol 9B gbmdol  33swo g3b3gds  3m63IBEGHME0gdd0, bmwm 450 FoMmdYdMEDs
30b39bGHM(3000 890dgds 493¢9bs dMmobobml BEzol dom@Gbyg 33900L KxoF30l LsdMowgdom ©
Logg@ombg 99ddbol Lobmgom 1533990l BmAbIsMmdIL, w30 3mbEIbEGHMsE00L ©Mby s0qds@gds
MbsgOHObm 33900L0m30L o960 35B39690cgdL - 40 - @b 200 - ¥9gM 353900 BSJBHMGOM (
Venugopal and Luckey, 1975). bmgo 350035600 boFo@dgd 56 Lodzo®gd, Gmymeogss Cu, Zn, Co, Cr, Ni
©5 Mn, 153300 G530mbdo  (MmGs60bdol dsbol 0,01% -By bBogergdo) Ggodwgds  sdmofzoml
LyBOMBNWO 53590y (Forstner and Wittmann, 1983). Cd, Pb s Hg-U 3o o6 @o5Bbosom
00MEMAO0MMO BBI305, 9MIOLGdWMWOE FMoblgbogdosh s 1s33gddo Tomo 306y MomEgbmdom
3MLYOdMOST53 30 F90dEgdS A58M0f30mL ImFdgzas. 5835059, B gzgars 8dody g@swo 3m@gbEorMs©
1580305 3MEbso MAYE0BIGYdOLsmzgol (Forstner and Wittmann, 1983). dspswoms, 0s3mbosdo,
390080118000 ©500BIMHJOMEO 193BOLS S MI3BOL 3MIMEJEHYO00 Fmfodzwsd (3bMdOW0s Mrmyme3
itai-itai osgogds, Mog 6odbsgl GMA ol 3BH30zs - ol Fo36909w0s s 39MEbEoLfyswo (gbmdowo
MmO Minimata ©ss35gds)) 5@sd0560L 103300 Fodmofjgos.

0M6Jgool 8530 B30l LsbsdoMmgdol  Lsbzsm dom@Gol dglobgd  33¢g390d0  ddodg
@00mMbgdoLRdG 5580560 K BIGMYMBOL 335 30M39w0 3GoMGoEYHs (Topcuoglu, 2004). dsgo
D30L 93mLoLEHYI0 BOBAWMHYOOL GO -9HMO 893500 Fysdm LfmMgo 3dody dg@owgdos (Glven
and Topcuoglu, 2004). LsbEgzsm ®mMyBobIgPo 830dg 9BHOwgdL Fmobmdsgzgb 3oM98m©B s,
Lsdfbocm, oo Bbgmdo EIMM3900L OO 3mEIB(305w0 533m. HBL30L MMASE0HAgdOL ddody
3935000 ©d0bdNMHgdOL globgd fo®dmoagbowro dmbsggdgdo 4sblbgegzgdwyeos ©sd0bdwMgdol
095600900L, 9egdgb@ols o Lobgmdgdols dobgzom. 0b39bEHMolL Fggsligdom, 8993900 Herosb
fsdg obdEs. @gbGowdo 9. dmggdmwos  medgool  Bogo  Bezol  bobsdoMmmgdOEB
99360M390wo LEBPZom domEGol GgMbgmero 8dodyg dg@swgdol (Fe, Zn, Ni, Cu, Mn, Pb, Cd s Co)
3900929%0. 3065, Mm0s, 60390, L3owgbdo, Fsbas6mdo s 3MBSWEHO domEMyoMMo LobEgdgdol
53964300b60M9d0LMZ30L 9 30¢gdgw0 3dody om™bgdos. GHY30s s 39dodo 3o - 30M0Joo byl
deEol domEMmowmo bobEgdgdol dwdsmdsl. sEowgdgEos dg@Eswgdol d3s3M0 dmbodmmobyo,
5056 0bobo 96003690M3z96 HMEL SLOMMEGd9D TYEIdMEPOBITo s Fom0 TS0 b dIO
30b39bGHMo300 F90degds MbadMO Lobosbm 0gml 3mEbswo MmGmyboHIgGdoLIMZ0U.

99039 99Eowgdo As30mfyegddo

0MMJgool  8sg30  Brgol  bobs3oMmmEb  F53OMFYeed3gbstggddo  ddodg  dg@orgdol
306395@®o30olb 890gagd0 dm3gduwos gbMowdo 9. dg@owol 3mb3gbGMagos yzgws dgbfsgwoe
903969, y530L1396 s Fomgw Fyswdzgbs@ggddo d3oMm©Yds 9900 0sbdodpgztmdoom: Fe> Mn> Zn>
Pb> Ni> Cu> Co> Cd, Fe> Mn> Ni> Pb> Zn> Cu> Co> Cd s Fe> Mn> Zn> Ni> Pb> Cu> Co> Cd,
F9lod530bo©.  §goed3gbsMggdol  bbgoolbgs ©obsgmxgddo o0Bmdgds yzgwsby dowogro ddodg
99¢wgdo: Fe s Zn 33969 fysedgbatggddo; Ni, Cu, Mn s Pb gog30obgg® §gowdigbatggddo; Cd o
Co foomge §yoed39656990d0. df356g FyowdEgbstggdol Ggdmbggzedo, Fe s Co- b ygzgamaby dsmawo
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mby (12640 + 276 s 4,8 + 0,3 93 crommbo g -1 FIGoo 3¢).) 0BmIgds Enteromorpha intestinalis-
obmgol 1993 fqeb i8neada- do (Giiven et al., 1998). Zn, Ni, Cu ©s Mn y3gmmsBy 3930 ©sRGM™Zds
oygm Ulva lactuca- 3o bobm3ol bsbsdommgdoEsb (ob. gbGowo 9: tztirk et al., 1996; Topcuoglu et al.,
2003a). Pb s Cd ygzgmsbg dowowo 3mbagb@®egos 0dbs 6s3mgbo Chaetomorpha linum- bs s
Enteromorpha linza- 3o bobm3olb LobsdoMmmgdoEsbsg (0b. FbGowo 9: Oztlrk, 1991 s 1994; Oztiirk
et al., 1994; Giiven et al., 1992). 953 B©3590 3530mFggdol MMP60BIGPIOL M35 RIOMZbYVSY,
GO® - GO0 FoMOME F93OEIYOE0 Yo30LBIMO Lobgmdses oLEHMOMIL g3sMo. Cystoseira barbata-
3 obggbs 0350m FgMbBgzs Bmaogmmo 8dody dg@owrobmzol (ob. gbMowo 9, sbymzgowgds
Phaeophyta), 853 890degds bgewo 9gu9fgmb 3o00 399myggbadsl domdmbo@m®ol m®ysboBbdo, 3dody
@ooMmBYOOL ©od0BINGMIdoLbmgol. C. barbata- b Lsbgmdgddo 8dody FgEowol 3mbiEgbEHGG0gd0,
23900 ZNn- 0bs, 3603369 m3bs 999300 1980 -@sb 2000 - 056 fergdsdog. 4obbowmos gbMowdo
9. 505bmsb, F6BMYIIOJOOL 253900905 FgdegdIE0s. IMegsew Lobgmdsdo, Gmdgwog 93Mm360L
Rhodophyta- U, 890bfogegl 33039 89@smgdol 3mbagb@®egos. gb®owo 9. sB39690L, G d9gagdol
9493900 9O 90606 OHMOL BSJEHMOMD J0ToMmMYBsT0 250MF3JMEO 0 SEAOLMIMOZ0
3oL gdol (33¢P0WGdOM, MMIWIIOEGE OOMPIEMM 03G3LYIMP.. SBsEMA0MMs©, Ju 2oblbgsg90900
©50300090399¢005 Lobgmdol 3580353 9dBY.

3dodg Ag@Goero 3¢sbgd@mbdo

Dmm3wobdBHmbo §omdmoygbl 3609369m356 353806l BsbToMmdSEOL goa@sbol 3GmEgldo
©o  96003690m396 el SOMEgdL  bLaBrgom 133900  Jugergdol  09d3gmdoo  dgEowrgdol
d0mygmgdodon® 303egddo. Cu s Pb -0l yzgwmoby dowswo 3mbEgbBH®ssos G®adobmbols o
LodbmBol  Lobodommby 50BMsPobgl. MdEs, 9dodg Wom™bgdol MbIL Jasbd@mbdo Tbmerm
6500096099 33w935 dogdmabs. (ob. gbGowo 9: Unsal et al., 1992 ©s 1993; Bat et al., 2006). 50
L530mbol Fglobgd 0bRMGTs30s LOELHMIBM® A5TMs3ZE930s.

0dodg 99 gdo 30dmlbsomgddo

300mbbs0Mmgd0  259Mm0Yghgds, GmymOE domdmboBm®mo Lsbwgzsm LobEgdgddo. ghm-ghmo
dobgbo sMoLb ol, Mmd obobo EFbmzgEgdOl doewosh obz0MaMgdMEO  XaB0s, MMIWIdOEG
30bofoegdmamos  bgoolibgs  3sd0GHeGHddo s, Ggbodsdobo®,  godm3zzeggzqdol  Loob@EgMalbi,m
396o@o@goo 90056,  Jovbgogs  0doby,  MMd  Bmaogho  30dmLbsoMTo  rommbgdol
00MmEMM3900L Tglobgd sSGLJOMBL goM3z3gMEo obgm®dsgos (zturk et al., 1994 s 1996; tztirk and
Bat, 1994; Bat and Oztiirk, 1997; Bat et al., 1998a s 2013), 8d0dg dg&sgdols 903390
300mbbooMmgdol Gqlobgd, dogo bogol LobsdoMmby, dfoMo Ebmdgdos. Bat s ULbggdo (2013)
03Ymd0bgd0sb GMA C. crangon 9godengds 0gml dserosb 300 domdmbo@m®o 3d0dg 3g@swgdoliomgol.

09039 99¢3ogdo dmgrylizdo

dmeomlzol doogdl, Mytilus galloprovincialis Bggmegd®og 0ygbgdgb, Gmgmea 8dody
9930w gdol ad0bdMMHgdOL dBoMIMBOEMMYBL LsbsdoMm Fywgddo, d99gy dmeol Rapana venosa s
Patella caerulea (gbGowo 9). 8ooRL, (MYMOE BowEHMSE0ME MORB0BAGPL, Fyswmsb ©oo
d9gbg0ds 99300 s s HBdOE? Jum30egdTo EsTd0BINMIOEGOOL BoGMM 1B3YJBHOMO FOMZEIDs. gb SGOL
3503030 0I6GHO0G03IE0s o MORBODBIGOOL  gaMm3zgdol abs  93mboLEGHNdsdo. oMEs  STobs,
000900l dmbTs®gdom 5530560  WIdMWMBL  TgBHowdL,  MMIgmol  396mBIAIdMdOM
©©g00os  Lobgeddegsbgmm  domomgds,  woommbol  3mbagb@®Mogoool  dglobgd. o3
Lobgeddmgzabganml msbabda, b 3mb3gbEMaE0gd0 Mbs oyml 1 ppm Cd- bogol, 2 ppm Pb- bogol,
20 ppm Cu- boogol s 50 ppm Zn- Lovygol (Anonymous, 1995). g3gwoebg dowoewo Fe, Zn, Ni, Cu, Mn,
Pb, Cd s Co 3mbggb@msgogdo Mytilus galloprovincialis- 8o ogm 4030 + 121 83y / @ 93Gogo fmbs.
Cayeli- %g, 630 + 32 33y / @ 380 §mbs. BsddMEObmdo, 43.8 933 / 3 3Mow0 fmbs. LsALMEdo, 260
+ 8 93y / ¢ 39Mso fimbs. Gobgbyg, 73.05 33y / @ d8Goo 3@. Lodlwbdo, 108,6 33y / @ ddGO 33.
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Lsdbmbdo, 6,44 + 0,01 33 / 3 3dMoE0 fimbs. 53obMsbg s 5,36 + 0,33 33y / 3 3o 3. Ggbodsdobo,
6o%bgdo (ob. bowo 9). wWommbgdol doMmEIMM39d0L L3900 MHYMEIbmds dgdE0MGRdWo
9609369 mdgd00 oym: Fe> Zn> Cu> Pb> Mn> Ni> Cd> Co. 8d0dg 8g@&oegdo o6 sB39690L gzmenwyzool
239633979 3gbab3ogdl ghmo 3mb3MgGH o B80dsMmIEgdom, Moysb (errgdol AsbIsgermdsdo
Lbgoolbgs Loym®mqdbyg, 3mbEgbEHMs3ool oo MYx3900 sxkodboMms. 8FS3gdJE FobBMM3MEL
Rapana venosa-U 6500LdogM boFdgel doogdo MMB3b0s, Foblogm®mgdom doGowrvbo. 3G,
3965M©Md96, MMI Bmerls3bm® Lobgmdgddo sOLYIMBL goblbgzsgzgdgdo ddody dg@owgdol dodstod,
56sygmowo Mgodsool dbGog. sbowwo 1 3430839690L, Gmd ddodg wommbol ©Mmby bwzoL
©M3m306580 8920Mm305 B350, 396090006, MoBILs s Lobm3ol LsbsdoMmgdosb. ddody
@omMmbgdo, godms Co- b, MMdgwog 1 gbMowdos sbbowmo, Joogddo MBROM To®swro 0ym,
300009 B30l @M3m306580.  DBMmAs©O©, Lb3oolbgs  saowgddo  Im3m3ggder  wod3gddo
50dmP 9600 Wom®bgdol 3mbEgbEH®E0s YMBMM sdWs, 30O 3bgbLs M Brzol wm3m3obsdo
gbcowo 9.

3dodg 9gBoergdo 093Bgddo

3530 B35 9339 0O bsb0s 5M1530mbEHMME0MYBS0 193BoMdOL, FgBOMsz30 0bEgblomGo
3905H03900l, J0bgMegdol 9ldews@eEoobs s Grgbog Mo bamhgbgdol gowagmol dbbgzgmdwmao
oMol Jagmyewo  (Mee, 1992). Bglodsdolo, of ©IMMZOW0s MEYPBMWO ©s  9MMOABO
535006099090 gd0. 89dog0 603m09MHgdgd0 BrMyx IO 3mb396EMOMdMEOos 33900L X 5339000
F9lsdanms, Be30L 3OH:MEYYdEgool dmdboMgdgwro BgdoLbdogmo  5sdosbo oyl LsdodMmgdol
§0bsdg. 093%0 BMYPso© BoLEGds, MMAMEOE 0ol JOM-9O0 Yzgwebyg xsbdMmgEo ©s 0sxgo
09560, ol 03MMm390L Wom®bgdl Lo33900wsb s oMM Fywgdowsb. 0g3bdo ddodg g@owrgdol
9993300Mdbg J0gdEo dmbsigdgdo (3y / 3 b3gw fmbsbg) dmiEgdmaros sbGowdo 9. wommbol
306396¢®s30900 8306H@9ds Zn> Fe> Cu> Mn> Pb> Ni> Co> Cd ms6308wgg@mdom. Fe, Cu s Co wgmm
3930 3m6396@M30000 ©yMHmzgos Jumzowgddo (030dw0) s bogergds 3MBmYddo. GMELLEG
09)Hdgmol 8530 Be30L Lsbs3oMmmgdol wommbol 3mbEgbEHMsE0s Fgostgls, owdmBbos, GmI Cu
3063963305 y39w by Bsmswo ogm dod@GHobdo (Turkmen et al., 2008b). Fe s Pb 316396 6Msgogdo
43905Bg 85050 503mBBbEY BHMa30Bmbdo. 50dmbBbs, Mmd Cd 3mbEgb@E®s30gdo yzgusby domowos
igneada- do s sl Bmbiggl bEeddmaro, Lsdlwybo s Bart (n (Topcuoglu et al., 1990; Uluozlu et al.,
2007; Tuzen, 2003; Turkmen et al., 2008b). 5©03mAb@s, G Zn-ob 3mbEgbEMoEos Y39ea®g Bo®oe0s
Lsdbbdo (Aygun and Abanoz, 2011). ommbols sdsd0bINGREIdOL MZsewlsbMobom, neada- do,
G®530Bmbdo, doMEBHObLs s Lsdbwbdo wgMm Towswo ToBzgbgdgwro oym, 300Gy dogo bBw30L
09)H949000L Lsbs3oMHML bbgs Jowsdgddo (ob. sbGowo 9).

63060Ls s Mmool 3Mb6E3gbEBHME0s  Y3gwsHg ToLowo 0gm  W030JO00  FEOPIG
39303796 mgzbdo Engraulis sp. L3oggbdo, 9sbyobmdo s 3MdsEO Yzgwsbyg Bsmoo ogym
Trachurus spp. Pb s Cd . 3m6396¢ 630900l dsgdbodagr®o 30m6396@Maz0s 0dbs Badmgbo mgzbol
93905 Bsfoedo Psetta maxima igneada- do s Mullus barbatus @®s3%mbdo. dmsbds s sen@Hobmgds
(2010) o9L3369L, M 35653690 30 Ferob as6dsgEmsddo, Bs30 B30l MEbswr MMASEoBIGBdOL
0dodg 9B gdom  od0bAMGdST MO390  8331g39M0L  YMMeEgds d003yMm.  goblibgoggds
@ommbol  3mb3gbEGHMs30gd80s (Bustamente et al. 2003). 8500 0965b3o©, BMys©s©, 93%BoL
3M6mgdo M@O™ 9@ 3mbEIBEHMSE0L s3MHM3gdlL, 30O 39wedMmo ™m93bgdo. GHm3obyo (1973)
3965MdL, (M3 JOMOMOIIE 3¢obd@mbol 1v33900 mgz3bo goEegl 8dodg TgEsErgdol 8g3MsE
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P9egdol  asdmbsgbol  dglsdzomgds 999y  dsMdol  (serosl)  gsdHdgbo  Boggdmds;
90s3obm3z0l 9bgds 3093 MMo 3996IVWMBS MEMYLS s JNdMEgmTdo. BEzolL Lsbsdomm fywgdols
300093 9OM0 3MMdEgdss 396030350 BoMPY6gd0 - LoBEZsM Bsgsz0. FboEo3swMo Bs@Bybgdol
30mbGHOMEWM 45©9YMs 3E0bsMOL Fgbs3s00L 35¢53m3HdT0 96 dmdoxbogg Lobsdotmm Bmbgddo ofj393L
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LobodoMmbs s LsbadoMm {gugdol sbopag05690sL. mogol dbM0og, gl Logmmbgl vddbols goMgdml,
D30l 3bmgMgdsl, 50030560l  KBIGMYEMdL s MoymBoms  ImJdggdl  GHvGMOoBIol
2396300056M985%7. hsdobsmy Fyagdol s 3MboEgodswmmo BoMmBgbgdol asdmygmas byl miigmodl dsgo
D30l 250000MYdsL 15533900 603009MGDJOOM S, TGbodsToLO, J3EGHMMBZHE00L 3MMEILL, M3,
Do, 9530 D30l 439eoHBY OO dmM{H39395. 93GHOMB0Is300L Bodbgdo 339 R0JLOMS
LogoM39eml Bobsdo®mm Bmbsdo. Tsgo B30l 30093 JOPO GOLI0S LodsMMzgwml 3mGEIOdo
Bo300md3MOM©MdBHgdom s 65300md3MMOYIBJO0m  ©Eod0BINMHGDS.  AoBLOIMOMYO0m  Fomowro
©5006dMMgds 8906086905 39030l BsMTMBHIOBY (ssbEmgdom 0,3 3y / ) s, LdZsMIM™E,
b 5M0L 49990000 B3EBEHNMMO Fyaqdol Asdmygmaol 9ga0. dbmewmE G body Gg®dobswros
(099509, d50v)IolL  bsgmMdEGHIMI0bswo)  sOFMMzowo 1393000 0bRMLEOYIJEHWMOL
3030, HMIgEog LsFoMHMS BoLEHWMO fygdol ToLOMJOS® s oLEIMTsggdws©. 2014 Fgwl
Lodomzggem 89mgmmEs dsolBold®mo fywols s 39BseoBoEgool 3mbEHmMEols s doGm3zol
LogOdmEOLbe 3Mb3gb30sL, MMIGEdsg 89ddbs BowslEGNMMO Fywgdol Foemrmzol LsdsOmMNEIMHOZ0
bogydggeo.

2.3.6 ©06d1MHgd0L figohmgdo mvddgomdo

3530 B030L MH90Mmbol MMEMJgooL Lbs3oMMYdBY 4obLsIMP@GOO LEGodHMYdOL [fobsdy L
LobmBEM-BsdgMbgm Logstymmado, Tom gdwyd@gds AsbsAMOGRs 96 ™m335305, SGBLOLMBEM-
LsdgmEbgm  ©B0d6MEgdOL 3mGHIbEoswol godm, sBg3g Bosbgds 6 dwoge ©sdOBMMGdMEOos
Jo@bbol 250mbsdmend300. 5 300093 9O Lozombl Mbs dogzsd30mom gmGoMgds. awrwyzo dofs,
MHmdgeog  dgObgmdologol  gbogg®obos, sbggg dogosb Fodbozgwos  MEOBIBODIGOOLS
0bMLEHOoMmo  29630000M900LbsMZ30L,  Goyb g Tgbmdol  dg3MoE B  bobxgdl
00035¢0lfobgdl. Bossaol ©mby 08300000 o300 B30l Mgaombdo s doMmomss dgodRbggs
LobodoMmlb  asbfizemog, Lowss 06GHIBLomGms® 0BMHPYds bowo ©s dmbEGHBIMwo. 36MogGH03mams©
©OLEGHYOHGIMY0s, G dogeo 30H6OM 3539 LOIOMOm 00 VWOMmGOME0s Mgyombolmgzols,
6md obemgl dmdsgzsedo dgbsdanms 85369 9dbdawgsdsEosl 9ggfioMml. dsgscoms®, dM@EYgwo,
BoONM Do, Joawsd GHG30DMBL s 0MTMLL Log3sMgemm S0l FmMol, 508mbIgEg0Eb
LHOSRI© 053560905 Jo@bbgdom o Fomo 830Mdowon Jo®bbgdom abol LsdbMgm dbstgl. 3bgwo
§9HGH0@gdol  dos  gobdb@zol  FodGowmgdo (GEF  BSEP, 1996), ov6Hdgool  doMomswo
0bMLEGHM0gd0 s domo G030l bomBgbgdo Bs30 BrgolL Mgaombdo (Bakan and Buyukgiingor, 2000)
6583969000 3OO0 2. DM, F530 BL30L LobsdoMMgdol yzgwms LogbmzMgdgmo »dsbo dgs®o
Bo6Bg6gd0L 2o3MgdOL  3MMdEgdol [obsdg ol - bl MIPMIPP0M OO 3OMBEYIGRO 53l -
DmbymwEogl, Lsdbobls s GHMO30DMBL. slggg MLYIMBL dgoMo  BsMhgbgdol  3HMdNgdgdo,
OH0Iwgdog  250mf3gMwos  BomBgbgdols o Bog®ol, slgzg Gersdols orM™3gd0m M30bols s
RO JoMbbgddo 35050 Jlbs s 9Mgawodo. Lsdbbol sBMEHOL JoObobsdo 3MMdergdsls Jdbols
900 s bogato, Catalagzi mdmgwgdBOHMmLsEYHIo ogabo@ol as8mygbgdol 4sdm, bogsto s fows
0655905 29699mdo, M3 60ssyol ©sd0BINMHIOOL 3OHMdYTLL Jdbol (mMdgomol 4oMgdml gmbo,
1995).

2.3.7 ©sd06dv96H9gdol figomrmgdo dwemasmgodo

Bo30Mol  LHGORo  M@MdboBoEgool,  0BROLEHOMIEHWOOL  ©s  Ls@GMBLEIMOEH™  LobEgdol
3963000069000 35M5¢gEM©, BYEYIMHYNOL 530 B30l LIBs3OMMDBY To@WEMdl Tmbobergmdols
603bg0. 5900950, Lobsdomm 93mboLEYIFPO 3960300 Bgfimesls s 3500@SGIOOL IAMIEOOLS
Q5 ©©535M230L, 1g3BsMBOL A9TYBJOOLS s Lsbs3OMM BMTJOOL ASBOOL oM OHBOEIdS FoMgdml
©5006d79M9d0L Molgo. deagrm Fangdol GHwMoBIoL 3o630msMYds dEYsMHgoOL Fog30 BrzolL Lsbsdomm
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Dmbol s3s3HYO0M0 MHOLI-BodBHME0s. 5006086y, MM LabsdoMm Bmbs F9bOMYWos S doeosb
dofioll BsOOMIO (339 05; FMLsbErgmdol Mogbgzol Fomowo HBEOES GHOHOHIoL odm sGOL G-
90 439wy bsdodo BOJGHMEMO LsbsdoMm Bmboli BEYMsEMBOLMZOL. Joybgogs 0dols, G™A
AMOH0HBIOL BOEs @S LBbs30MHMGOOL 4630magds 0ff393L Mg 93MmbMT0ZME LoGygdgwdls, oo
9900gds 253mofizomb 35d0@s@0L, 33967 LogMEol s BOMIMZOWRIMM3E7dOL 35MR3s (5005BSL
5 LEsbhgzo, 2007).

yoerg

eag

[ Coastal municipalities
[] Noncoastal municipalities

©003M0s 18. deaaMgmol 9s30 w30l 3boEgodseo@gBgdo (s00sbsbio s bGebRgzo, 2006 §.)

05O T0, ISHEIMYGdOm, 7,2 FoErombo 5@sd0sbo Fbmz®MdL (Bowrozmgse-EvdMIoO™M3s,
2020). sbor®HM3mygbmaro 8:mgdggdgdo sbgbl aog3agbsl fyarol RMOToMmYdsHY dvYEysmgmdo.
30006mE9d603M00 ©s 30OMTYOMMOE0MEO MmBd0YIBHYO0 33w0L Fywol Bodmbogbl, 035390L s
065bo3L geol  MsmEgbmdsl  fgwols Fsmswo  3gMom@ol  d963s3¢rmdsTo, Mmdgwrog  d99gy
20900yg698s Lolidgws®, 9egd@EMHmgbgmaoobmgol, bamfigsgzsw, LodMghzgwm dobbgdobmgol s bbg.
, "Studen Kladenets", “Ivaylovgrad”, "Belmeken”, "Al. Stamboliyski ”qs bbgs 5896o dvgemge®gomdo
(390B3mgs o Ubg., 2020). 3Ge35¢00 Fyo®ml Bsdmbbads 3gwol Bmyogdom dobs®gdo Bsdmbowgbl
©5 fyaol Gomgbmdsl. BmOMm3mygbmmo 293wgbs doMmomss© 6gas@0wMmos. s0bodbmeros, GmA
9ol ©sd0bdmmgds bsdMghzgerm fywol, dobgMowwMo bslwgdgdol, 3guEGHoEogdol s dzgbstgms
©5 d0MEMR0MH0 330l 3MMEMIEHIO0L BHMJLoZMMo 603000gMJdgd0m bgds, HBMIol Jmsgs¢0
30%Bg%o LoygmysgbmagMgdm Bsdobsty mvw) Lbgs fiyargdos (39wohzmas o Lbg., 2020). 39ob3mgs
Ubggdo (2020 §.) 90vmomgdgh, ™I dMEystgmdo dobsdgadl 306 §yoe8rdzmado SFOWIdO
9930, 939960L 83069 BHIMHOEGHMMO0L 45dm. LsbrzMgdo Bog Br3sLs s BIOLIB, gagmliol BgsLmsb
LosbEmgg s dsen35690mol dmgdl FmMol A dsMgmds, 939960l  93mIamTstmgmdol dmsgs®o
3968530609090 BodBHMMYd0s. FE065MYgOOL 5535000 dEsMYFo F0ToMHMWYE0s MMHO hsdmbowgbo
3Bob, 3903, G530 BEZ0Ls s gagmbolzgh. Fgse8gdz®gdo smBgdols s dobstggdol oo
o gbMds gbgds 8530 B30l Fysedndzmgd smBL, J3gybol 57% -0m, GyMoG™Mool dbmeme d3oMg
Bofoebg - 12% - ao00l 3obsMggdo, GMIgdoE 300306 o3 Bmzsdo Rogobgds. dsgo bwzol
0mBol dobsmggdol oo bsforo ©mMbsodo Bsgobgds. d3ggbol »dg@glo dobstry wbsodo
Bo9@06gds, gbgbos: BHMIMm3z9@Id0, 3m0bod3s, 30dM0, sMRMO, b3MIEs, Wmdo, 30dMOE3Y,
®ambdo, B3sGo, 0b3sM0, 3030, mbsBo, 05BEGHMs, GMbgbLlo. 30MmEsdom Fsg Bw3sdo Rsgobgdosb
0000b50Mggd0: B5BH™MZs, 35905, ©3M0b0Es, 35d00L3s, S0FGHMUZS, LOMJWIE3S, B0V, OM3MESTM,
©053MmL3Y, 390935 ©s MBMm3aLZs. gagmbol smBL d0g3Mm3bgds ToMoEs, LEHMWDs, dgbBs, M.,
096ds o 3500 99653500900. 0lobo MY6s:1gB96 J39960L BHIMOGMMoOL 43% -b (3gewobzmas s bbg.,
2020 §.). da0goMgmolb 8530 Bwgol sd0bdMmgds 4weolbdmdl dobsmggdol, 3v960E03se MmO ©s
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LsdM9h39w™  Fyommadol, Lemgwol dgmEmBmdol s Bbgs §yommgdols bbgoalbgs 4s0mbowgbgdl
(c00bggs, 2011). obggzs (2011), dMEas@gmol dog Bwzsdo Bogobgdosh dg0wgao dobadggdo:
399605, 80bsty 93900, 30bstg do@™35, 30bsMy oszmwLIs, 3M30b603s, 8Eobaty 3ox oL,
3960oh  dobotg  MgbmgLls, BobsMg  MM3MmEGHTm  ©d 0o0bsdy  39wg3s.  dMWIRIMHYJO,
4m39Honmo© 3003060  fiygsewdo  Bsgobgds 1.2 30 3; Lobsdotmm  GHdgddo  Bogoobgds
000065699005 2959mbogbo, MMBgEms LagMomm xsdos 1.8 30 3. ymgzgwficorMa dmoblbgds 0,5 30
3 8009 O 9™ BOHYBYdS (xsmdzowo, 2002).

2.3.8 ©3d0bdxMgdol figommgdo emdbgmdo

96963930390 MLoggMmbmgds,  0b6EMLEGHMIWoBsgos ©s  93mbmdozméo  bBOs
3G0MOOGIHMX0s  39MgIml  ©O330L,  3MmBLYIMZsE00Ls @S BsBMYsEMIPIMmO30 X IBIGMIMdOL
39bom. 536M0y5©, bedbgmol LsdFmms 3o380MHOLAE sTM30IOLMBOL F0Jd0IE MoMJdol mMo
soffemgmeol 899099, 939460l 93MmEmao®o dEAMBoMgmds 33eeg Logsbyodms. Ladgboghme,
3M5L50mogzMMdM  MmMR60DO30gd0 s  sTdbAsMy  MmEYRBODHE0YdO 500696  I60d369cm356
930LoLEYIME ILobwMgdsl, MMIgElsg bLmdbgmol dbgdMmogzo AsMgdm MHBOHNMB3gEYmRL. obobo
230602M3MdG6 IMPomdsl, Moms bgwro Ggmfgmb 8msg®mmdsl, osxgslml bmdbgmol dsMgdmbsE30m0
M9lmOLYdO s O0E3L J399bol 35960, fgoero o Lobdgwgom OHgLMMLYdO, OMAMEOE d49bgdMH030
93mbobEGYIGOoL, sgzg LmIbgmol  Fmbsbergmdol  3MMdergdgdol dobgbo, MHmIgwog 9dMIMgds
93mboLEGHYIGOL s Ggodergds 3608369¢m3560 30030 s 93mbmTozMo Fggygd0 dmoEbmb.
fgowro

bLggoms fyaol sGLGdMdS bLmdbgmdo 33woeg 973039 998xzmmgdsly 0fj393L. Lobodstmo s
Pyarol  aobofowadol  LobEgdgdo  gueoEgdsl  LsFoMmmadl, Moasb gb  LogMmsdm®molm
UEBIBEIOEHIV0M  "Lagowowm”  3amds®gmdsdos (IWACO, 2000). @sd9Mgdol ©d 3mOHMBOwo
06g3M5LEHOMIEHMES bLYMOMDBYE LoROMbL ©9dbol 580560l K 963MMYEIMDdSLS.

090l o630 MY d0BIMMHEGOS 0bFMLEHM™MIEHWIOHOL gobMHboom, Mg Ladrgowgdsls
00935 354189600 0gml 3065¢0BsE00ls s 3EIBsMo Fyeol Lobdgwro fywol dowgdo. mbstobbm
BP0 5 dYEH™MbO, 3MOMB0S s 30T BH30MHMOLYE 36305 0f393L Fgwrol gobsfoergdol Jugarols
565350 61% 36m396GHT0 gMy3z56d0, 71% 403080 s 75% 396sdm@To. Jobsfowgdol abszstaol
2396005, B530bsMg Fyargdls s 93H3bsd LolEgdgdl Mol x350900b0 od0BIMMIds bgds IdsO
96 MMYymz3000 5730L @OMU. A6 580bY, BEGHMI3MEWOL oMgdml 0bLEOEHWEHOL J0ge BoFotgdwyeo
330930l msbobdo, ULmdbgmdo  {ywol  bgendolsfgmdmdol  9gdzotmgds bogds  3w0ds@ol
330900l 3093MHMBIMTMGHOLO g0l doge 8gdwydsgzgdwemo 3e0dsdGol 3oMHmdgddo (Stanton
et al, 2009; 47-55). 53 Lgbo®ol MsbsbIs, GMIgEoE, LEgsMMME, JwodsEol 33EoEwgdol
A9Lobgd  EMdoerBHO Jgmobbdgdol Logmdzgewby o6 9GOl Fgmobbdgdwo, LsmMdWGOOL ASBIdOL
980L0gd0 303y390s 3obryEo 200 Ferol BHgbwgbEogdl s 0BO@Ids, 9635680, Lawsg dowombbyg dgGo
9590560 (3bmgmMdL, XgH 3093 9O MLYdMBL BIEObIMY fywgdol 9s8(dgbwoo LOMvwymaowo
6g0mds. 1999 fganl 909360l Bozbmzmgdgwms ssbemgdom 40 3GMmEgbE0 o6 0ym 3938060 JdEwo
Bo80bsMy fiywgdol as3fdgbo LobBgdeliomseb s 30M39wao 3ofdgbs dMdsmds 63 3MMmEgbEom.
Bofoemd®og ©s8vds390o bsMBgbgdo 30Ms306 dobsmy 3Msbsbdo Bsgwobyds, HmIgwos
200000 LMRWOLbM3oL  Feg35M0 yosdmBToMoggdgEos. FoMES 530Ls, 39bsdm®To, ghdosdobdo,
3099960000, 58965390 s 3sboldo BsdObsMy Fywgdol LobEgagdo 89g3sLgdmEos GmAMOG ”3wy©o”
ob 735056 (37900”, 8mgdgo s LEEWYRTo 39BsEOBOEOOL MBOYIHIOO 50050Y335GIMI© GOl
99g39L9demo (IWACO, 2000).

BOowmgo Lmdbgmdo, dobstg IdIT0, Y300l 3MbEIbEME0s 39B3dmMTo ogeol 9909y
800 - %96 50g8s¢IPs ©Mbgl (31M3x0960, 2004). BO@OMMImOm, 539030, Losg Jombobs
0009056MmgmdL, 30baMy ©IdILO 00IdL Fyswl Mmoo bs35000©sb, LowsE Boswdgdo SOLGdMBL. Tob ogdgl
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Y300l 3mb639bEHMazos 3000 Fozmma®medby dgBo wod®bg (Kurkjian, 2004), Lsbdgwo Fywol
3533900 Wodo@gdos 50 BozmmyMsdo / wo@®mHbg o 15 doztmaMmsdo / wo@®mbg mBOOEgdLY
o 0530839080. 9000656y 09890 FMFoMSEM-TmMys30LBOM JERIML shgbL, Mo ol sesgzgdo
299006905, Bsbsd dobaty 93300l TlaMmsz59g dogs. bsdsgem 35900l Esd0bdMMgds Lmdbgmol
09360 69a0mb30 93MWMYONHO 3OHMBEGIss. Togowoms©, 9M9356d0, bogogloyg®gwols doMomswo
500, Bdscsd9b0, 9903500 ofigol s SHoMmIMYOL 5GIMLRYOM B0BIMEOIIL 3eoliGdoliol,
Loqds3900l, 8dodg dgEeegdols s Bb3s GHMJLobgdolysb 33580l bsgoom. 33¢g390ds sh39bs, Mma
3¢obEHIsbol 3o 9Hg0gdMb gMmoE Fatrdmddbols 35639MMaqbL, GMAgelbsg omdbobl MHmepgdab
(3sy., Akioyasuhara, 2002). dovgbgsegs@ 0dobs, G dbmem 3069 Gsmgbmdom ©omdbobo
offo®dmgds, 909360l ggmErmyow® ©Y3MHYLbosdo gmgbs OM™s gobdogermdsdo ofj3g3l Lodwogrm
faow®mo 3903960 wmolb do@gdsl.

Q500b6dMM9dMo 35960 Joenaodol LGogbsgoolomgol

0000360059 ©v)dzs sboo Bogogloy®gegdo, Boadsoma®, JMg3bol dobermdms dgdsty
X6939:0L dboegdo, Losg 890degds BmbEaL 4o:§Mmbgs Bogool Lo®Mgbagm LobiEgdsdo s bobdo®ds
2090{30mb 35960 sd0BIMEMmGd..

39go®0 botPgbgdo

Bo®bgbgool Fotmngs Lbmdbgmol GmymGE  MEBBME, obg3) LMBELE  A9M0MLESE30000
3600@gdgool  bamsgzgdo L. (396G BYdMWoEsD  ©I3IBGMI0DIdIME  FmALobMgdsby
3960©50535¢  396MH0m©To, BMBLILNMEGIIOL FoIIbEIMds Asbs B39MEgdMoz0. IMIbIsGgdwOl
230000LoboOl gMHM3900L Fsdmgoodgdgerds 379e@GvMod, 8958306 dmbabargmdobmgol asHgweo
dmAbsbr@gdol botolbo, dgddbs 356309600 (303w0. 5360, dgsto bs@Bbgdols do@mzgs odss 9o~
960 36MdWING BgM3zoLs, MMIgmos JOMbo3Mws FboEOL sx0bEBLYIOL SGMOLYDdMBL s
99009250, “IbsGOLbMS... s gb 3MIgEEgds 1990 - 0sbo Fergdol absfyoliowsb (3sbmsbo @s bbggdo,
2010).

dobgago 0dols, MHmI gm@s bbol fob gMg3zs6do Bo@bgbgdol dgammaggds gowdxmdglios,
05063 B39MwgdM030 3M0gd@03ss BaBgbgdol 56553¢MM0DIIMM 5EROoMIdTO 25YMS s d99gY
Bombgbgdol oo sfi3s. gl godmymaly ComJlobgdls s FMMbL, GHmJLozM® Jodo3s@gol, Mmdwgdos
ofi39396  X963MgEMdOL  MoMymzom  4oggbsl, MHmymMoEss 3960l os35gdYd0,  Wg0deol
36dgdgdo, 031960 LobGHIIol ©od3900gds, 9bmIMObmwo LobEgds ©s Mg3OHMEMI3ovEo
36430900, 9Mgm3g J0dML 2963390 B03YV0.  doBLHIMMMGOMwo  Lsdodos  Lsdgozobm
Bombgbgdol 3obmagligds.

HYIIOL dBgb3d

AYol gobgbgs, GMIgeog LsdFMmms 39M0MmEdo bs3wgds© d90b0dbgdMs, by s@Mbsbvyms
LHGsx0 (983000 3000bstgmdl. 00 33weg 3608369wm396 93mEma0mE Lszombl Fomdmowagbl,
90mbgsgo 0dobs, Gmd 1990-0560 Fargdol 969MagE03o  3OOBOLo IO, gL
396L5319MGPY0m  bsdodos  bmIbgmobmzol, GoEasd Jggybol Tbmewme 7-8 3OHmEgbdos GHyoo
©IBIOMWO (MO0 Lorzbol §ob 35 3Omi3gbGom 653¢gd0) s %8 Gyob MBg@gbo bsfowo 339
©JAMIOOMOGOMEOos (35y., Hergnyan et al., 2007; Moreno - Lsbbglio s Lsososbo, 2005; Lsoswosbo
5 dmMgbm-LsbBglio, 2006).

LogHoMm X500, 303O35MM 3003 M 3MMdEYIsdEY, MMl Fobsdgs sl J39ysbs - glss
bg3-®y30L 359mygbgds Lofigeg Bolvs, se@gMbo@doro bsfzs30L 653egdMdOL, v35bmbm FMobs o
bob gJu3mEEOL 258, (0b. bg0sbo s aws3osbo, 2007 s Hergnyan et al., 2007). bo@wysgool
3500bsLHMmOIRWe© 8904dbs 90ga0 M93m39bwsgogdo (Hergnyan et al., 2007): (1) Legeol
3o3bm3zMHgdadol;mzol  dbgdmogo  gobol  FMToMoggdool  2odsMmE0g9ds  g0bsbLgdOLs o
0bLEBIW300L batxgdol Ggd30mHgdol 3boom; (2) bsdMgfiggum 3My35¢ro bol 033mMEOL ©©Y-Lysb
2390530U953gds; (3) 06GJMHOMPPMWOo FgHdbol daBMOby s bol IMYF3gE™dOL sLmEoszool 89Jdbs;
(4) gdudmOHEHOL 836Mdsengs B350 bol 0bEMLEHMOsBY; (5) bol dgmEbgmdols byedgfiymds; (6)
390509053900L5 s 2obobangdoo gbgMyool Fo@dmgdol bgadgfiymds; (7 ) 93m@GHM@moBIoLs @
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96599036990 BYob 36:m©w)dEHgdol bgd@mMgdOL omdxmdgligds s (8) BYob LgMEGHOGBOEMIdOLS S
99639000l 0Z5WmM35¢0L obbmM309wgds.

LMol I9mEHBIMOOL sdObIMEmGds

3M56MEOL bgmdsdo fywol oo EsdobdwMMmgds brgds Lolmgwm-lsdgmmbgm boddosbmdsdo
39LGH030JIOL  godmygbgdol asdm. Fywol aHBgdo dOBINMHGOME0s 39LEH0EOWIO0M @S Lbgs
MOO6Mo s Lol dgMHbgmdol Bsdmbsgbom, sm TmMol, MmMABMwo s sMsMMABMwO
©505006d99MHgdgd0m, OHMYMMOEss IM0THBbo s 39dodo. LedFmms 93mdosb sGRbowo
39LG0E0Gd0, oo dmeol DDT, 33wsg 35800yqbg0s dmbogerol Fomdmgdoliogol (dg@dgtmosbo, 2008),
bbgo 96035¢0 3MM©IEGMb gMmo©, MHMmIwgdog 04ogds doeosb 3m@s b Loghmmp 56 6ol
3000mgdMYE0, My HrYME® 253m0ygbmo oby, GmI Lsdodmmgds d9030MEIL (3sFom®osbo, 2007).
Lotfgozo 3OmEgbol ML gl 3gLGHOE0IBO  AWOgE0BYds La®gbsgg Pyswdo s hsgobgds
906509900l 8030gddo, s5MEMTs MbEHOL fgoe8o b 39M3MmE0MmYds Boosgddo. LodmgzMadol
Bo3wgdmds, 96 20bsymMgds bLmxnwol dgm@BMdILMLD ©s35380MHJdMW 300093 GO 3HMIEGISL
§o6M3moagbl.  dobomEo  3bzMol, ombol, dubgzowxgbs OJmbsbo  3oOHMEY30Ls s 3bgbgdol
099960b9gmd9d0 Lmdbgmdo dmobds®l LEH3oLs s ol LodmzMdl s d+9hdgdol I39bsmgMEMdSL.
9396569M@MdOL 535635  BO30L30MS  yssdymmo  GHIMOEBHMMOIO0EID s STol  FILIYO©
6050590l Bgws 3gbol gMmBos godergds 0digl bemdgbo BgMGMHYBOLS s Fgbodmbarggdols ghm-gHom
LgBHoMBME 3GMdEYdo ImdEY3bm sMfiergmegdol 2o6ds3wmdsdo. 333560 d9Ia0; LZsMmIMLM,
08mgddggdl bLmdbgmol §3mbmdosbyE, MMTgEol OoEHowsE JYHEbmds Lol dgMMByMdLL
(Steinfeld et al., 2006).

50300090 Md0L  JomgdoLbmsbogg fergdol asb3sgermdsdo bgwdobsfgmdo s byygms
96963006 ©gB0EoG0 Ledbgmdo oMMl EIMOSE00L ghm-ghmo dmsgzsto dobgbo gobs.
X9BAODIMdOLS s MLsgGMbmgdol dobbom, 1988 Feol @sdsbaMazgeo dofolidgmol d9dway,
00MHM3190 9e)dEGOHMLIEYMOHO 9FsdmMo EOHMGBOm Es0bMEs. MgLmMLYdo doeBy dzotMg oym, 50
©OML  d0sb  Yo®msdomdo  3mbgwoddo  @sofiym, ol 899gao3  96960a9G03Mwds  3O0HOoLAS
93M6m3039960 15dd0BMBOL 350D YdS BMobEOb., 535l LemEoswwMo LobFoMgs dm3g3s, MoYsb
36003690m3bs0 99930005 LobmzMgdgwo gugd@®mabatmyool bgwdobszmadmds. bogMmsdmmolim
©bIMHGBOm, FoblidgMMMPO0m OHMLYIN0EIB, MgodBHMMPOOL TobMOMOZ0  3930GIWEMO  T939009d0
2396bMO309ws, MMI YYBOMblgEymzowoygm JoGbbol MLsgMHmMbMds. JOM-9OHmMO MJodBHMMO 33ws3
9JL3oBEeE0sdo dg300s 1995 fganb.

2.3.9. ©3006dmMgd0lL fystrmgdo Lsdgmdbgodo

939mboL begs sM0OL bsbgzMo obMMHMo bBEgzs, MmamME bdgwmsdns bogol bsfowo.
93900b B35 ImoEsgL momgdol 214,000 38 2 BSOGEMBL s B30l sgduodsgry®o Low®Madg 3543 . ol
539300690 8530  Be3oLs s bIgmsdms B30l Bs3mMdGMIBLEMMEBHMIOOL  LoLEYIFOL
Lo3w9oegdgdL.  LmGMgo  3osBo@3gd0s  93gmbol  Brgol  dmsgsdo  3Mmdegds;  Fgawofswdo
ssbemmgdom 90,000 bemdsero sofgal ol bEwmEggdl (Oztiirk et al., 2006). LsgOMDsImGobe
239005903900l bdomo Fodmligerol 25Ms, 5MLYdMOL 3609369wM3z960 5©YHOWMIGOZ0 LoBLZsm
d0dmbgs, 300BoMS S 05BGHOM. J3GHOMGBOIS3E0S BOZOL 9M0-9Mmo Y439wsHy MZobsBobm
Loggmbgs. §i9oed3gbotgqdols 59353905 0f393L §ysendo 7obadsol IMbToMmgdsl s oMol ymgge
Dogbeml 300536 5005LMd0m MY3BLs s bbgs MMAs60BAL. Fodobsi 30, HMPLsE Bzl domEo 5O
5M0L 2obsymgdwo, bogrgdl 593b 9839dG0. 99393900 1939 IROJLOMIOMWs GErgaLolol yMgdo
LodgHdbgmdo s 0HBToMOL ym@gdo c@dgomdo.
dmem  faogdol  gobdogarmdsdo,  gobMowos  9bgMyool  dmbdscmgdol  dsbggbgdgwro,
0053909005 bgowgwyeol dmddmggdgwo bsfomdmgdols s GMbldmME0Mgdol dogh brgobmgol
00ygbgdyamo  bosbol 8obBggbgdgwrog.  sbws 339 9®LIOMBL  BBI0EIPMdId0, OGmI  brzoL
93MboLEYIOL BEYMTIMIMBS LZoE9EMS s, MMA gb (330090900 F9630MMBYdMEos LobsdoMmgdols

165

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

500b6dMMgdol  FsbmdM030 BMHom, Lsdobosm, 0bEMLGOOMWo, GHYOHOLEGWWO ©s 0bGHbLoM®o
99mOBymdgd0m.

L5dgMdDbYmO ML B5E39BgmOL  J3ggsbs LadbMHgm-s0TMLsggo 93MM3580, BMHLOWMgmOm
9LsBO3MYds SWdBI0, BOHLOWMgm 353900Mb0s S BMWAMJ00; 503MLOZEIN0EID - MM JJmo
2396L 536536 9a9mLoL B3, LadbMHgmom 309> s WdooL BM3]d0, EILHZWIPOm - ombool Br3s,
HIgoa 93949658 0@90oobash ymxrl (LwyMsmo 9). Gmo@g®ob (2007 §.) 0bgm®dszoom, Labsdotmm
Jowadqdol ¢dgEHglbmds, o0 dnMmol, gEsdowsdo smgbo, POOMgom badmM@m Joswosdo bogmbozo
5 393Mo, LodgMmAbgmol LsdbMgm-alvgwrgom bsfowdo, 4o9MMLs s 93MM30L FoMgdmb o330l
L5523 96GML J0gM 439esHg O s3d0bIMMYGOGDI 5M056 JoRBgMgdo bofiormdmog gsfidgboowo
L5dM9H390™ s LoymBs3bMZMHGdM Rs8EOBIMY HYwgdol Asdm. 8500037 (36Mmd0m, 507960l Jobermdo,
99xzLobol  gmMgdo Asbmagligdwyeros 1000-dg LsdMgfizgerm Jodbbom, 3dmMEgdom, ®30boLs @
BnwoEol  BsdMdsmgdoms s JoMbbgdom, ©sd0bdMGmgdmwos ddodg g@owgdom. sbermdsbenm
Lombogol  ymdyg, GMIJwoE  ©JEsdeeadol  LodbMgom  Lobosdomm  babbgs,  sbswmaomse
©5306dMGIMEos LEdMHZgEM s 30MHZYEEO sF)Ts39dMo Ba@BYbIdOm. (Gmo@g@o, 2007).

0530 lll. 890m0535B90wo 9305(Yy393H0wgd9d0, domgdmeo
29500509393 0¢90900 © 35030 3M5dGH030L Fog9e0mYdO

3.1 3500530l 3Bgd0

030MMP0OH0  (33¢0gd900  IgbgxdgbBHols s BoBBIdOL  sEHgMolmZolL  LaboMygdeMms.
396099mdo (33000¢909d0L 25035obobgds 30 9E30WIDIW0s 56O FoBLOBOIOMM 9Fs390bY, 56
3wobgddo. B3 33103 OIFMIPOMYGOWO0s, Toa™sd dmrm Lsdo smfengryeol 4obdsgurmdsdo dobo
0000aMAoMgMds 36033690M3bs 2oIxmdIbs. 995Dy Fomomgdl 3¢sbgGmbol, mg3Bobs s
0gbmnMmo  mbgMbgdanm  09dgdol  (33¢P0gdgd0. oM  5ToLY, sbadsol  FoMdo dmbIoGgdom
(303mgdL05) EBIMGIMWO BHIMOGMMOS SHES 2530w gdom 653¢gd0s, 3oy 1980-056 s 1990-
0560 famgdol sbafiyolido. 93meEMY0MO 33O gdd0 dseosb LfMegs® dmbs 1990-0s6 fengddo
5 393M3ges 2000-0560 §ergdol @sbsfiyoldo, 58 33e0mgdol GML 5J39bG0 393900 GMyME 3
5Q3(35305bg, 9939 90AJBsDg. 9851096, 56 Fgodergds 3geErmEmm, GMA Fs30 B3zoL g3mLobEgds,
HmIg0g 2L EIBIMIWES, FNE0DIW 5OPYDS.

93M53035300/1533900 60300090 Jd00  F5FOEMIPOOL  FMIMbom  go3gdvyeos G590
693039b5309d0:

© 2o09XMOYEL  J30969880  Togo  brgoL  byzzgdo  gergdghGgdol  ymggrreeon®o
dmboBmMobyo. yzgmos 9399s6sd Mbs gos3mbE®mmeml dsgo Bmgzs Lobxgdol ghmo ©s 0yo39
LobdoMom, dmbsEgdms G9atgdol dolorydx MmdIlGdEIS©

e 250Dm3mb  dEobsmol s  IMboE035 MmO/ LsdMgF3gEm 1533900  Bo30gMgdYdOL
399mbsgbol Momgbmds (o@GZ0MmMZ0L Fglsgaligdws) - N s bogdom P

e Logwol 9gmmbgmdsdo 960836gwm3zs60 ym@omgds dogdagl Lsgzgdo bogmoghgdgdol
0969%996BL, 356Ls3MMHYd0m Lmgerol IgMMBYMBdOL LobgErddmzsbgwrm Bomomgdgdol Tgdwdsgzgdsl,
000905L s BYMR3ZL, Fom TmMol  bobwdgdol (MmORbMmo s sMIMEYBMEo) 453mygbgdols
0563969000l LM gdEo 3000000g0gd0L Bom3w00, B05EsROL Lozzgdo Bogm0gMgdgdOL deErogMo
AILEGHOMGOOL 3OHMAMToLD gPMmo©

e 25B6bmO309wEgl  dE0bsMmOL  IBZ0M™MZ0L  MIMEYBMOMO30  LBHIBPIMEHODIE0S @
3563mboBs30s. BoGoMEgl 3MMmEIOgo0, 853 B3sdo hsdobstg gzgws 0003500 FE0bsMol

166

. ©



4 Spin'tBSBOnIine Black $ea

uuuuuuuuuuu

Project funded by
EUROPEAN UNION

9439w9Bg 939005 ©0bgdoL F9MEHowgddo sGH30M™M30L TqlogsligdwS®

* 999m0d53009L 1533900 9e9d96EIOOL dsbsfogdols ImEgEro Bmgwro 8530 B30l s HobmZOL,
3MLgd90o 1533900 FyoOmMYdOL SOLYDMEPO ToEdAOL AoloAN MBS

30096O30wo  Lobegom  Logbmg®gdgmo  GLOLYdOL  Tgbobgd  49390wyos  899ga0
9309bs309d0:

e LoFoMms 99gdmdagzql M9gaombres dgmobbdgdwmmo LbobEGgds, Gmdgwog gdlbobwm®mgds
d06H005© doolbdgzol FoMoagdmab ©s303d0MYd0m (530Mdoez30l 39MoMEIdo, M9zHol Jobodswrr@o
3L533900 boyMdg s 5.3.)

e H930mbs®  mbybg FgmgzBgmdol  LEIEGOLEHOIL  TgaMmzgdols s  TgyMmzgdoL
9900mEOME®Yo0L 3563MboBsos

e 9530 Br30L y3z9es J3gysbsdo  890ddbol MgaombaogrMo Ggomsbbdgdmmo 0g3bFghol
bmbgdo

* 5030M35¢mb 5M50YMI0 1g3HoMBOL F7dbmErMy0g00 (256Lo3MNMYOOm, PoEIMBOWEs WS
3398 HO70)

e 439w g399obsd BgBHo dogrobbdgzs gsdmobobmlb s gdMImEml 356mbm  0g3bFgHol
36153GH03ob

e vem  JdgBo  FbodmEoFgs s bgerdgfhiymds  dooml  99050gmdol  bgd@m®Ts
230B0gBIOMMGOs©, Fo®msd Fbmerm 03 Fgdmbggzsdo, ™) go0035¢olfobgdgb gomgdmlissgom
9bsBEYPOGOL. odmygbgd o Mbs 0gdbsl LogMmbowol Mdmsgzhglio 3Gobzodo

o MMM TgHo  YMMmOEOGds  ©5g0IML  93MEMA0e  Bod@m®mdl  LobsdoMm  bmerbg
296300056930 Tglobgd 45005(9Y39E0wgd0L BoMgdOLLL.

J03ome ©sd0bdMEMHYdILMD 5353000 Gd0mM Y539dE0s 89dga0 M93mIgbrsiogdo:

e 3mbo@m®mobyol FoBbom, 3MHOMMOGHIGHMWO  ©sTB0BIMMFOGOOL  MgHOMBIEIMGS©
3900b6bdgdmemo Bsdmbomgzgowol 999853905

e bsMobbolb MbBOWMb3zgygmngol  ghmzbmwo  ghmzbmwo  3OHMAMmdgdoL 99349853905
§9HGH0@M3560 Pysmrmgd0sb Jodowm®mo 3mbagb@mogools @s 65350l dmbsizgdgdol dgEo@gds /
06@ 96 350dMH5d5%Y

e 25M90MbEOE30m0  BEABIOHPOL  3oMGIMBOBo30s (Bs839d0Ls S FoMgdmBo Fywol /
Boengdgdol ba®olbol bEsbo®@gdo) dmgwl Mgyombdo

e 3mbo390m0 53853900l M9gQ0MboMo Lobgwddwgsbgwrml 894dbs

e 3530 B30l @VO0BIMMHGBOL  F830M9d0L/ 00300  530wgdOL  gOM3zbMwo  39adgdol
09099985390s.

e 296090mMbE33000 MOMYBMGdOL FgLodErgdEMddOL oBM©s, MM 03396 SMLYdMEO
693730900  3OOMOOGIGMWO  ©530bIMNMJOgdol  godmygmazol  Tglobgd,  Gmymes
§90GH0w™3560, 515939 OFMBMMO FgoH™MgdOE

* 99918539L LEBMYMgBOL 06GMMIoMYBOL gMM3bmwo / MYaoMmbywo 3MMmyMsdgdo, Moms
bgwo dgfymb bgfimesl gooffy39@EHomqdol dodwgdgdbg 8530 Bgol 39M9dmbsggomo LEGs@Gwbol
230LoMTx MDGLYOES®

e 390436l Lobgdfogm dobobGmmsdmmolo dgdoboBdo, GMIJoE ©d0bINMIdLML
0539300609000 FomMBg LHOSBO 75300930 LodMoeErgds gobgds

e M930mbdo GHMBLLILEIBOIOM 3OMgJEIOOL ELELTIMYPIWSE FHMIBLLOLIDEIMM A5Mgdmbg
b99mgd9gdol 99xsLgd0l Ggmabbdgdwaro dgom@menmaools 931053905/ domgds

e 090306MH©gL  ©VOBIMNMIIOL  ©IBHZ0MMZs  Lo3gomgbe  sOLYPRMO  Bgdbmemaool
2990ygbgd0m ©s ©s06gMHAML Lrgwrol dgwMbgmdol bamzgmabm 3GMod@Eogs

e bdoMmgds LEBMYY3g™  bgdEMMIBOLMZOL  (Lsdmm Lsfa®IMgdOolL Bsmzwom) goMgdml
o6mH030L LoLEYIGOoL Fgd+9ds3905Ls s LYRMS FoMmTMYGdOL Loddosbmdols 3MsdEozsdo

* 53963gMgdoL sdbdstmg Jugarol d90+9ds39ds Lobmdgdol, 3gbGHoE0IdOL s 39MBOE0IdOL

167

U CROSS BORDER _‘
k COOPERATION \



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

209tmygqb900L Gglobgd 36mdogMgdolL slsdoergdws

e 8mbos3900m ©8v)ds3900Ls s 253mygbadoliozol 3Moad@ozol 3mogduol gdwdsggds y3zgws
963699000 0BLEOEMEOL 309M, GMIWdOEG 6Ol o396 BSC- Lo s 3v9dog Lodogbmls

00MIM535¢0R9MM36900L Gglobgd 453990 Mg3m09bs30gd0:

e LoBE3gsm F93609MH9d0L TlodErgdEMmdgdOL Asb30msMds s BHEMYbobyo

e 9093000 LoTwoegds 49Mmgdml 59(339¢gdL, MRGMM dgBo §3mds 3Jmbogm doMHomsEo
20005093930 gd0L F0dgd 30690msb Go30 B30l Mga0mMbols MmMsboBsz0gddo

* HJRMIOHNE0 35BILJOS JOMOMIEO Lb35M LOLEBHYIINMO (BOMEMYPOMOHO) XAIBIOOL
BS mommgnme 439956580, IUCN- ol oabanglio 300@g608900bs s Labgeddwmgsbgarm domomgdgdol
209tmygqb9d00m HgR0mbo® mbyby

e 0900M8smb 350030390y s  93mLoLGHYPIPRDY  MMOgbGHOMPP o oMo
00MmIMO35(i3gMMm3abgdol dgbgxdgb@do. bdoMms wWRGMm bsmgwos, vy GMmIgwo Bgdmddgrgdss
35Lbolda 090 3580GsGHIOOL oYMgligdsby, 30MY 35 3gwo Lobgmdgdolsmgzol

e 35030353 gd0bo 5 dOMEEHIOOL gMm3bmwo Homgwo blbol lGmEgdol d9dwgy, b
390gdbol 8o30 BE30L  3500FGJOOL, BWMOOLS s Bombol Fomgero Foabo. gb Mbs ogml
9230MmboM Mmbgbyg 3mblgMzs3zool JoGmzol 0blEMMAgbdo

e LOBEOZIM POHFMWO BHIMOGHMMOJOOL MoMEIBMOOLS s BIMMMBOL FoBOS

e Sbowo 06350mMm0  Labgmdgdol Fgdmemgdol Ms30@sb  SLogowrgds  d9bgxdgbEol
LEHMGIRO0L 2omdxmdgbgds o LoMgbgM3m sbiewols dgddbs. gl Fobbo bs oLsbsggl gdmmgdols
3G0MOOGHIGNL 39JHMOIOL - 399U (2oabEGTIO0 fgoero) ©s 53393 AIOD.

506G IMHgLGdE0 FbsMggdol 565¢0BOL MBsbBs yo3dwEo M93m3gbwsgogdo:

. 093bM3zggmdol 06@@MLE®M00b Qo Bogloa Mol Qo Bogloa Mol
53060LEMEMMFOOLMZ0L s0bEYMYGdMEo TBsMYJdOL Bo00IEIMdOL LEMOEYR0gdOL 89dw98s39ds,
Moms 9500 ogbBsdmb 8530 BEZoL 93mLOLEYIsDY oymzomo bHBgdmddggdols dmddgwgdgdol
59m3bMdsLS s QoMLmG9dsd0

e 30B563005M000 Loddosbmds XgmRgdol sLebIsMgdws©, Mmoms dgE3scmb sOLYdMEO
36533035 MBOM 93MMA0v)M© dyMo Joamdgdbyg, 4y3gws bBgMmbs s Lszombdo

e 250BoMEOML Lsdmgdgom dogrolbdggs, MMAgwoE bobL Mbgsdl domdMsgzowxgMmgbgdols s
30009300l 3mblig®m3zs300L 8603369 MdsL

e 3063 gMO9LgdMEo  TboMgadol  XAMRBJOoL  0bgm®Iomgds  Logzgdo  bogmogMgdgdol
©OB30MHmM30Ls @S 93GHMMRBOIo300L  Fgbobgd s seEEHYMbsGomwo  Joymdgdol  993dsggds
Bo6B3b69d0l Hgyerols s 1533900 B03mM0xMYBYOIOL ToMMN30L 3ModE03oLsEdo

e 99035300916  MM0gHMJIJEIO0L  3OMYMTs, MMmIgErog dmoEsgl  sobEHIMgLgd M
dbsM9qdl 39093HgMdOL 439w BYJEHMM0EB, Moms FaYE 6sdOX GO0 FMTsEIdMEo M93BFgHom
39903900 36MMdEgdgdoL goaloFHYEIs

e 09900o30qL doBbmdMoz0 063gM396(30900 GHWOODBAoLs ©s ©ALZYHgdoL 0bMLEMmOOl
300560 gd00m, M3mS EgHTsMMml 53 LBIOHMU, 1306 S0Eg0CMl B530 BMZ0L Fysebg MoMymzomo
bYae3wgbs

* BS 3m80oboobmgol 87998530 qL MO0 gMmJdggdol 3m33mbgbEo, Mmdgmog MGgaombol
93Mbm303MM 390000EOIMdL Fo30 B3Ol X6INMNYLMBLMD 53538069

0300060 30o0bolbo  Fog  Bpgzgsdo  qodmobs@gds  360d3bgemgzsbo  Bagedowdo
(33%0g05000, 35bLOIMMOHPP0 Fgaxgdol sEHOEgdTdo: M9zbomdol 9gd3oMgds, 30M39WSO
35om3mgdEgdol  LEHMWIEHOOL 33WoEgdd0, FEP0sB0 BOMIMIZowRIMM3BIOOL B3P0,
06906030 WbET>x5EHIOOL 6NOMIMYBMo EOL3sMTMB0s Yy3gaysb - dsg0 Brzol LobsdoMOmgdol
©0QE M90Mbgd33d0. 5GLYdMEo IMbogdgdo 99356 F0900MIOL HBMTgdOL bsFoMMgdsDy, HMIWIdOE
M5 dbmermE  SLsbogl LoLEITOL  F9JMILIIOL boMOLbL, Mg b3y FoMIMEEYIL ToMmzol
0bLEHOIPEL dMIMEol HBMIGIOL M3EH0T0DIGOOL  SMLIZYMI©® @S g3y FIMGIML  baGolbol

168

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

3993060900 §obsomdgy. s30 BL3s sMOL Bobgz®ma obHMEo dwsdg B3y, 960836903560
Heoom®mo fyaol Ggddgms@mmol Hbgzgdom, 390030 "833005600" sbmdbom®mo bmbs 200 3 Low®dgby
QO0WO0.  39M©d  BOOEIM-slagergmobs,  3mbGobgb@mMo Bgwgo  bmyso  LobsdoMmmsb
500096009 300MIgBHHBY IgBHO® 56 3MOEILEYDs. 3MMTs BOOEM-logwgmol dgwaby fyowl
0090l 8069930 B0 s WHY3M0, HMIEGd03 Yol GHMmIBLEMMEHOMIIL sbEgbgb g3MIM30Ls s
gm0l 0O bofooEsb. Fog0 Br3s Lsboswzmg Fyswdgdzmgdo s9Bos, GmIgeog dmogsgl 15
939960L o bsfoels - 2,000,000 30 2 dofjols 6533900L s 170 dogrombbg dgEHo 508060y 0wadL
Bo00bsg  yamgdl. dmem  sofegmegdol  gobdogermdsdo  sbmmM3mygbmeds  Logddosbmdsd
03390065 00mgdgs 8530 B30l 93mboLEYBs%Y. 1970 - 056 s 1980 - 056 Fargddo dEobserolb Lozzgd
6030009690505 Towods mbyd godmofgos 93GHOMBoMwo 306HMdJd0, T ImGmoL 0bEgblomGo
§9503965609900L 54353905, Molog dm3gzs 303mdbos s 990amd PMHELOWMYm-EoLZEIGM MMMDBY
0960 350039GH00L  sdws.  0bFIBLoMEmTs  g3BomdsT  sbg3zg  gedzods  IH3gM3s5wols
93539000l o600, M3 bYWl »fymdl FzoMg Bmdol mgzbol BOIL, OGMIIDOoE Sbens
93b5md0L (30090 ™MdGdT0 56M05b. 93EHOMB03IH300Ls O J9WOFoMBGOWMWO 093HBoMBOL JoMs, 530
BE30L 93mboLEHI 3003 MBROM Fgoazows JMddoboMgdwo Fgwg Mnemiopsis leidyi s BugoL
wm3zm3obs Rapana venosa- b sbgMyzom.

L5dFMmo 3938060l 3ol 99dgy, 9530 BOZ0L MJA0MbIo Q0D oFMHMdDs, MOLSE 09D
sbaogl HMMEo 5 (33909390 3M0G03s, Fom Tmol sbowo J399469dol  obzomsmgdols s
Bogommdolis o goblogbgdol 3mbEMmMol dgwgys dgddbowo LogMmbggdo. Gogo Begzgs sLg3g
2396030l 49oHB0E3ZgdOL  LOIMOZElL, BLIIMNOPOm 08 Lobgwdfogmgdol dogh, OMIgEms3
LB FMms FoMlivgeno 5d3m s SHEs, MMYMOF TMI0 OG0, 30WMBIE 255535MOMME 93mbmdongs
©s obgmo  0bENMLEHM0gd0, OMyMOOEss  GMMODBIo, WEOBBODIEos s  0bgOILEHOWIEBHMMOL
396300006905, U 30 33ws3 BEAEOL bgfimesl 530 BL30L LsbsdoMm HBmbsbg. sOLIdMOL Msdgbody
LogOmsdmemobe  bgedg3mvegds, MMIEYdOE Mo gdgd Tog bwzsdo  Loddosbmdsls s
M9LOLYOOL A5BMYgDBIL. 5FoLB, drrEM 3gM0MET0 BEYIMYIOLS s vdobgmol g3cIm3s3doMmBo
©5853gosly s Mg sb  93MmdOL  BmMEs3s61539090096  ©s3s3doMgdom, Tsgz0 Brzs Sby
9360353806008 06EGHOgLL FoMImoagbl, Gog Jabols sboew 200mfiz3g3gdl s gLodegdErMdgdlL 3
9650003M00 B30l  FoOMZOLMZOL.  J53MdMOMds 9MTdogs  dmobdodl  dg@  Logmbgal s,
d9s50580b5, 9@ 65MFgbYOL sFoTMgdL. LsdGwIbsdME, LsbsdoMm@ BMbgddo Tmlsbergmdol yobMEOl
309m,  65MBbgdol  Fodmddbol FBoM©O  Mom©gbmdol FgaMmzqds, 20635035 b 3 dsggds
989N 56 bmMOE0gwgds. dsgrosd d60d36gwmmzsbo bogogzo bzgds bzol Lobsdo®mls s
Lob@gom goMgdmdo. 3OHMdWYTs 3093 MROM FgBH0s 396300050905 39469030, Loog doMOMI©O
d0Bbg0d0s 93mbmTozols s FoMdmgdol gobMs, Looz 2oMgdml ©o33oLmb  ©s393806MPPwO
Logombgdo +dbodzbgarm  ’3MomMo@g@os”. 8s30 Brgs, 8F0OM®  ©sLsbmgd o  Lsbsdomm
DMEom, 56O 7 9630000M9090” Mga0Mmbo, 356ls3MmMMIBOM 0F0L Fomzsobfiobgdom, MM IBsMoo
053969090 593L gbgrgool dm3m3gdsls s GHMIBLMOEAL, GHVIMoBALS s MI3BIMBL. Fs30 BLZOL
93bol oMo qdol  ~dg@Eglbo boforo, MMIgEoE S0MOEbwo ogm, ©dBIMMYdOL  Fggys©
9939950300l LoggMmbol §obsdyg 0dmPbos; 39360 Lsbsd3oMHM Ms0mbo ForgsMglics gOMBooL @
MOHBH6M0 MOHBBMwo s LsdMgfiggerm 256306Mgd0L, Tom FmMol, bsddgbydErm Lsdwmdsmagdols
9900939. dgLsdsdoLO®, LgMombmwo MoLZos WOMHGRMo  3sd0GIGJOOLs s WsbTsgEol
©53560330L, LsdMEMME 30 8530 B30l 93mLOLEBIIOL doMEMYOYMO TMOZIWRIMM36gdoLs ©
36HMIGHO0MMdOL 935030, 9530 B3s s FmToxbogg Fywrgdo as8moygbgds 2osHoE33d0L s
93B5mdoLMZ0L (B30M9 MomEIbmdom 9339399 GMES, B0bgMsegdol gJudewgsdeEos, GwIMobdo,
©3ggbgds, Ladbgmm §3Hmbgdo s Mbg3z90 s FYsmo BsMBgbgdOL BMLEBMMGdES®). Bafimmss
5530560l Ubgs  boddosbmdgdby, Tom  Bmeol,  M@MObmwo  gobgzomatgds,  IMgH3gEmdY,
3000MM9bg6MH293H03w9w0 ©s d0MMZMo J6gMHA0s, LexEol IgwHbgmds s dofiol 3gmowdmfymds.

3530 Bzl 2oMg3mbmzol  BOOM3MAg6Mo  Lag®mbggdol Lsdo JoMOMIPO  XYMBO
9990093650650 498Mm0yMMHgds:

169

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

* Lbgosbbgs Lobol sdobdmEgds

e 83gmOL, Lsbs30MHMYdOL s dE0bsMmggdOL BOBOIWMHO FMPOROZHEOS

e 3690030 LOIOMOL FJMJ393°000 3063000 Fowgds, Fobymawrgdol (BgywdgEowo)
99L3E 300l BsmgEroom

* Logbmzmgdgwo MHgbELGdOL s 530 B30l 93MLOLEHIIOL o33

D30l doeobo 5oL Bzol sBF0Mb3gMT0s, MMIgEoE dobsE®mMBL Br3oL30oMs Moombgdols
MdgBHILMIOL  9MMTs,  5M03MBLMEWOEOMHPPME  BL3YODY.  obobo  gsboborgds  LobsdoGm
930L0obEIgdoL 60d369wM356 3033MbbE, Lbgsalibgs 93mwmyow®mo gmbdiogdol, LigMzolgdols
5 MHgLIOLYBOL 0EYbEHO0BOISE00L Fodm.

B30l doeobols domUgblmMgdo 8oLt X0dol IMZ35¢RYMM3bgd0m, J3539MbgLOo ©s
05053MmMOIEGH0o 930LobEIId0s, HMIgdOE SLOWMgdgb 3608369¢Mm3z96 MMl Abmgeromdo.
De30L  dogmobol ¥9ds  FgodeErgds  YBOMB3gygml  MHglELgdoL  dgbgxgMgdol  93MEMA0MMO
3060MdgO0L A9sMgligdol 60d6gd0, Mog odmHzgEos Hywol 3990 baGolboms s sd0bdMMmgdom.

D30L doesbol Asm35¢oLobgdol doMomaswo 3bdEgdos:

e B30l doObo BOEOL  3500GHGHIOOL I BYMHM36gdL, BMMWIdO ©s BgLZYOO
MBOHMB39ymal  Iglodsdol  LRLEGOGL  MGY6oHIGPPOL O  MomEgbmdslmsb s 9330030
BnmEgdol 39bfgMmgdo  4obLoBrgmagl do3Mmm3sdo@gdl, dubmdmdo 4obsmgdol sOLYGRdMBOL dbMmog,
99009290, byl MHgmdgb s goboa®dmdgh LsbsdoMm g3mbiolBgdgdol dBomIMogzseragmmabgdsls

* D30 dosbol §3mLoLEBYIGOL sbaliosmYAL Fo9¢EP0 BOMEIMYOMEOO 3OMP IGO0 56O
dbMEME 05350 BPZoL, 9389 oL ©35380M9dMWO BsMboby O FermMOL dsdm, HMIgeros
bdo® G900bg93590 MBGM T, 30MY BPZOL dosbols

e B30l ddgrabol  dgrmgdo  d60d3bgermzsbo  g3mLOLETss FMsgso  MI3BoLs o
mbgObgdemgdolmzgol, Hrmdwgdoa 350030 Lomobom LsbgMag s 133900l 5Ol dmvyemdgb

e 290339 fowo@, B30l dosbl dgudwos 4053mBEOMME™ML fyeol boMolbo, Gowash
obobo GoWEHMIBOL HMEL SMMEgdgb [ywol Lgg@do dghgegdmo bogmogmadol sFgHom s
230bLBoEIO 5MMMY6Yo 33900 bogmoghHgdgdol dgfimgom

e 3500 55939 530U BBs3OMM Boengdol OBsTo3oL FoMgyMEOMGBEIOL MO, MoEAD
593069096 bogrgdols MgB@bLOMgdL

e gmmEolb 3965960m ©s MoBmIgdols s BgLbggdol Jugwo sbsyM@IdL bogrgdl, begnm
B30L doesbol 930530300 byl MPYmdIb 3oMdIMbsGmMmo Bogrgdol bofowszgdol Fomdmdabsl

* B30l Boesbl Y39 OO GO 530M05 LEbsdoMHM 93mbOLEBJIGOOL gergdgb@ocrem
(303190d0, dOMOMOIPIE, MORBMwo  5030009MPPgdoL  gJudmOGH0m  Fgbmdger  mgdgddo s
Bobdo®mdool s 133900 503mM0YMHFVFIOL aMM39gd0L FggYs©

00vbgs3500 000bs, M3 BEZ0L B3EIEHYdO LogMMSTMMOLM (FoQoEO0MSE, MMl 3Mb3gbi30s,
936353806006 3500FSGJOOL 0MYJH035) o JMmgbme Bs@bmgddo 3mblgMzsgool dgwmdol
360mO0EYHN 1d09gJGHP0 5Ol 5005MYdW0, SMLYIMBL 3(330(390IEgds, OMT Fs00 MomEbgmds
36003690m3zbs 930000905, BE30L dowsbgdo HBIgErgmols s BEZoL LoBLZsMHBY sOLHdMBIL o
doewbg  Jp®™dbmdostgs  Abmgoml  dmbobergmdol  Bgfimeol  dodobm,  Mmdwgdos
3M53MHM3MM 309 3bMZOMIGD  Lobod3oMmmPPdby. FBoMmmMmE  2o3MEIwgdmo  bBzol  dogrsbols
©9b653560 Bm3yzs 9@5F0sbol  30ME30Mm bgdmddggdel, Tsod JmGOL, dgdebozm® ©sHosb Ol
(3O9BGHOL, 93BomdOLS s 96396MOL 458mygbgdom), 93EGHOMB0ZIE0, 93393MEVIML, TOEOMBLL,
Lobs3oMm 65g90mdgd0L 493egbsl s 1533900l Jugerol FgE3wrsl; s193g - 9sd0bOL sM930MI306
©90mdd9gdsl - dm3yzs 300TsGHOL (330Egdol MsMymzomo 89w9ago0 (9hmbos Bezol mbol
39300, Jo00odbegdo, MWGHMI00LRIMO EILLOZYLY), S1Y3g LIMYMBoMIE dmddggdl dbgdMHOz30
00DgBgd0, OMPMOOE  (303¢™mbgdo  ©s  §YorrEOoEMdJLO.  5©T0sbol  d3MmBoGo®  gx39dGodL
§960005agbL LEBEIMOL dogrbol oE30L J96MBILIIWMBOL FoBMPs, LsbsdoMm g3zmbiolEgdgdol
29BMPOEO 33 S LBZsM 93MLOLEYIOL FMBOEBHMMOBYOLS s sEyYbol I3gEMdYdO. MIE3s,

9B ©IVOMNO 890093700, LOZMIMPOM, 3JM 50IBLYOL BYYIBHOMO Fogewgbsl. AoM3393wMdIdO
170

. ©



4 Spin'tBSBOnIine Black $ea

uuuuuuuuuuu

Project funded by
EUROPEAN UNION

DoMool 59590069 356396909 b 39380609000,  ®9bI0Bg3EEo  FmbodGHmMmobaol
36MmaEdg00L LodEoMols s FMBsz5wo  BsMEIol Bs0dgEM 3OMYBMBYdOL  Bodmlsgs0d)dEIS©
99910909l bol emdoMo LozmblgMgzszom 3mwmo@ozol dgdwgdsgqdol 80zt 3GMdEgIsl.
50590560l IMbobgmdol BOEs, Msbdbergdo dmds@)dwo Esd0bdMMHgdom, LobsdoMmm Bmgdols
2093360398000 5 9933300 s §9oegsdymaol gofidgbom, LoxmMmbgl vddbol bmzol dowsbols
93mboLEGYIPL ©s dmwm 20 ool gobdsgermdsdo 3650d369wm3bo  9BJoMgdl B30l dogrsbol
05396350, 4MBIWMOQ, dMEM MO0 SMHEGMol 496853¢Mdsd0, HBOZ0L doesbol LogsMorm
56535030 5530560L 30MHS30MO S HMH30MHEI30MH0 Hgdmddggdom 33,000 30 2-L Fgoagbl, 6wy
D30l doobol MIMIIBEHOMGPRWO BHIOOGHMO00L 18%, 3bmdOE0s Bo®owrol gJuBHMme3mEs300l
Lo93wdzgbHg. sx0JLOMYINYEO 6535MYJO0, S¢BsM, FMTBEIMOL d30Mg bofowl Fomdmawygbl s
0653500  ©B6535MA0L  9BsBamEYds Fgodwgds 3903 0mbgdbgl, ®oesd B30l dowsbgdols
39BH9LMBS 56O FHMZIOL om0 sOLYdMBOL JMAYGEZ500 335b. 530L J0BYBIdO bsEgool 96/
1533900 603009MGOGOOL EsdOBIMMYOOL gsdm Lobsmerols dglliGgdol (33w0wgdoEsh ofygds s
306030600 IH0sHIOYIO0M s 3¢0T5EOL (3300 Yd00 B3NP YOS.

D30L doeoboll sbs3sMma0 0f3g3L Labsdomm Bmbsdo ©s39380MHJPMwo BBJ30900L ©s
dAbobMMgdOL 39035l

o D30l dooboll  ©bs3oMRo  TmoEsgl  Lbgoswsbbgs  d30M3gwso  dfFoMmBmgdargdols
©®30b606Mgdol  Fg;33esl Lobsdotmm 93mLobEgdsdo, Mog dbmemmo bsfommdmog  530m3396LoMYdL
30639050 FoMIMgdoL Ibs3o6ML. Foaom0ms, FIBOHOWOo 3wsbd@BHmbol 3o6M3gmoo Fomdmgds
1533900 6030gMgdGOOL THBIMPO L5 IGO0 56 5565BWMEMPIL 39MYYO B3Ol 3HMENIEHOL
§o60mgdsl, by GMI, 56 >OLYdMBL F39830m 3530060 1533900 b03MOYMYOIOOL OGZOMMZoLS S
93mboLEGYIoL 30639es© HoIMgdsl dmmol

e B30l dobol  396(9Hml  doge  FgimmegsBYdMwo  boergdgdol o330l ©o3oMY3S
3dwogMgdl  Boengdol  MgoboBogosl, oz 0f393Lb  sbsmbgbo Brzol  d3gbatgadol  Lobsmerols
306MHMdJBOL 300093 MBROM  JoMYLYIL. MgHBML3I6BoOL Bmds Fgodwgds 0dwgbs ddodg ogmb,
0519300 ©B35MRRGOOL 2odm, LaBs3oMHM Brmero LM 9335w ™

e D30l Bdoerobol 35035 1939 3olbIMBL BEZoL Bdognsbol bogrgdol Fobydowol
©535613390, G153 Byl MPYMdL sbmdlomE 30MMddL Bogrgdgddo

* 6583969005, ™I Bz0L doEWsboL 35G350 250305 LobsdoMM dOMIMIZoEBIMHM3bIdOL
360036903560 535035, Mobog dm3yzs Logzggdol Jugerol Gga3wrs s dmboagergero MmgvyMLodoL
Q395635

0m309©, D30l d3sbol Bs3oMa0  FoMBmoagbl g3memMmaomMmo s 93mbmdozwdo
©06MgdMgdol  36003690m3sb  IBs3atl  Lobsdomm  93mLolBgdgdolbmzol s, Tglodsdolo,
Lobsdodm  9969x96Mgo0l  Fg0nmMmmgdol doMomMOEOo fiyo®ms. s80G™A, D3Ol dogrsbols s0EAGBOL
d0Bbom Loddosbmds dsawbg 860d369wmgs60s dyMoo Bezol MILwEOLIdOLmZOL. Jombgszs©
000bsS, MMI 89360 M3 5MOL (36MdOWO HBEOZOL doErsbol Fgbobgd, BlGeE MMIgEE0s 59 35d0FGOL
doM0mMs0 LbgMBGOO S M5 MMl SLMEGOL LB, XJM 300093 A9wIM3IZI3JE0s. LoBOZom doErsbol
3600336900md0L 500569058 d0MIMH35¢BIOM3BIOOLS s 3OMPJGHOMEMdOLMZ0L, 333¢)35MJO0 ©S
M9LmOL-0969xgM9d0  s0dMws, Fggbfogersm ToLo §3MEMYONMHO BMBI30900L  Fo5BOYdOL oo,
3MLIOMWO 3553 EHIOOL OE30L S LsHBOZoM doesboll MYIGOOL sElsYgbo WMBoLdogdgdo. Brzol
05sbol 35MA30L 5375006 geo dsBgzgbgdgo 5639690l 53 93mLOLEHYIZOOL 399 YOOI
BEAIGHMLL s LobMYsEMgdOL 0bBMMHI0MYPIMMBOL FoHBOEIL, ©ETEIZ0 3MWOEOIOL FodE0gMIdSL
©5 9dBowd 09bgxdbBL. 00 JoBBYBOL Tobowfgzs d6093690mzsbos MHGLMELIOOL BMIMBOMmIOS
D30l 85obol 35d0@GOL BYbIbE0gdoL Fmbo@EmMobyols s sMLYIM®O doErsbol Mglwy®Lgdol
©LBBMYP®, BOZ0L B3Wsbol s35MmR30L J0oBgbBIdOL TgulBgdOlmZoU, SB939 GMbOL RsBgzoMsMYds,
B30L3065 doErsbOL MHoMmEIbMdOL 99300900l FglobgMmgdws.

530¢™0 8530 B30L 93mLOLEIIOLMZOL dse0sh 360dz69wM3z5605 BEZOL dowsbol oEgs. 53
dobbom, 3OmgdBHo bs  bbmemEogwoal  dsgo  brgzol  g3gybgdol  dmbsforgmdom. 53

171

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

0350LsBOHOLOM, ©g3MmIYbs30900 RTMM3EWOE0s J3gdmm:

e 3m©boL 5350 gds 53 3580GHOGHOL  93MWMAOMEMO Mol  dglobgd BE3oL  dogmsbols
5QQ09d0L, 930eMY0YMHO 53630900, 6L MNMYPd0m Bolabrgdols syowols, Job 83300MJOM6
MOHMOYOHOMIOL S F0MHOMSEO Lobgmdgdol JogMoE00l 0 bEH0R0353000

e 9900396 98390 Lsdmddgom d9ads, MGmIgewog dmoisgl BmIgdoL OE3L s B30l
05bol 50EAgbol Fgomgdl, dgoddbgds L3gE0sWWMO OGO GHIOOGHMM0JOI0 O ZSTMOYMRS
93M3bMd0sMY 500wgdo domdsls s 1od3zm039Hg F9domdom s 53 360dzbgEM356 3sdoFsEbY
b90mddggdom

e bgwo Igmfiyml  930m3szdoMol  Igmgabgmdol  LogMom  3meo@ozol  989dGHwIMe©
2396bME309Egdsl s 9360 35300M0L  4oM9MLEIEZ30M0  3MEWOE030L  39B3005MGBSL dogo bwzol
930Mmbdo sG-BGdMWO MbsdgEMM3g MBOL oAI6ol aBom, fobs 33engg9d0l godmygbgdom

* D30l B5ESHOL 3500BSEGHOL G935 GIS 3HMaMTMo DM WB3gEymgol gsdmygbgdoom.
33w930L  OmML  89ammggdwo dmbszgdgdo 0dbgds 0bxm®Ts30ol JoMomso  fgodm 3930l
d900960L0m30L

e bsdg3boghm  Fggagdol,  3mbBlgMzszools s  s©Eygbol  LEAIGHMLOL  gozME3gEgds
LOBMYPSMYOOL 0BFMOHTOMGOOLIMZ0L FoLRJOO B0’ 390-339MJdOL, Lgdobs®gdol, LGsEogdol s
9.9, LsBZ5M EMXO BHIHOGHMMOGOOL (MPA) 59 2obabogdsdo dm3g8w9eos IUCN- ol agbgtogreto
ab5AdEgol 3mboiEos (1988) LsbMzsm IEMWO BYMOGHMM0JBIOL Mol JqLobgd Labwgom goMgdml
053355 S 8EYMOE 2odmyg6g05do. gl 253mBEobsMgMdL IUCN- ol 3g -17 49bgmswto sbsddergols
GA17.38 69Bmew3000000, GMm3gwos domgdwye 0dbs Lsb-bmbigdo, 3mbEs-003sdo, 1988 farol
09096M35¢0do. 50 OIHBMEWM30500 SVO0SMGPRMWOos, OMT LdBEOZsM goMgdm Mbs 0dsMmgdMEIL
06@9a0m0MHgdMmo gbom, mvy dsb Fgmderos 8gobo®BMbBml  5@sd05boL  godmygbgds  dmdsgswro,
36030990 EIRMIIEO00L J96MYdg. g 3ME0E03d 3939 JBLIIMPOGOm Bsbsdotmm Lsbrzsm
65069000, MMIWGBOE (3930 gMgool b gMms xaMBgdolL  0MOOLEOJE0s80s, MMIgdoE3
9JOOMd0350  8mgdgogdgb.  Lobegzgsm  3mbLgMzogools s  FoMmzol  doMomoo  Jobsbos:
7mBOHMB39mymL Abmgeom bsbegsm 8993300M9MBOL @33, 90©yI6s, ambogMwemo asdmygbads,
2393905 @5 Lot gdwmds  LsdwdmE, LIBPZIM  EOEMWO  BHIOOGHMMOJOOL  AMBSEIYOO,
§o6M3m05056cmdomo LobEgdol dgddbom s Jsmxrom 3mblgMzszool 36063039008 dglisdsdobs
d969%x996¢30L 3B0om. 50580560L bodd0sbMdOL LEHMEIR0s, BMBgEoa 04gbgdl 56 mddygdl LaBrgsm
39099mb 7. B®3060 "Bzt IEIO BIMOGHMMO0S” F560LIHBOZMIDS, BMAMOG: "0bEHIMEGHO0WIMGO
36 439¢0ommmo MHgaognol bgdoldogMo GgMo@mMos, JoLo gosgIMgRwo gswo s dsbmsb
053930060900 MmO, R5wY6s, OLEHMMOMWO S JNWEHVOMWO ToboliosmMdEgdo, MHMIgEros
O30 39bmbom 96 Lbgs 95399BHMo Lsdrmeegdom, Mmd 0335l Bafowo 96 msbpodmvyemo
396090m”.

MPA- s (Kelleher and Kenchington, 1991) 30%b6gd0s:

* 503356 O F5MMD LsBZsm S 53E0bsMEO LoLEJIgdols Ib0T3bgEMz960 Bogowomgdo,
do00  3Mdge30000560  LogmEbErolKbs®0sbmdol  MbBOMBgzgwbsymas  ©o  39bgGH03meo
965350 139M036900L FglisbomPbgdaco;

o 50mfmOH0, LEROMBOL J39d IgmBo, 08305000 6 F5sdgHIBOL 30MOl TgmBo LobgMdgdOL
@5 3Mm37s30900L (339, FobLOIMNMIB0m, 3500FIBJOOL FgbsMbmbgds, MMIWgdoE 53 Lobgmdgdol
239©5MRIBOLIMZOL 30BN 0MZEYd;

* 93Mbm3o3MMo 36003690 ™m3560 Labgmdgdol Labogmabwm gozwrobomgol 960d36gwrmgabo
A9IN0GHMMH0O0L 33> S FoMM3o;

* bgewo 9gmdoml LoHzsMRMINOL IEME GIM0GMOH0gdbY 8536 BgImddggdsl oMy
L5g0056MdIdT0;

e bLYBEZIM  IEWO  BYOOGHMOHOGO0L  F9Jdbom  IBIMIYdMO  5@sT0sbgdOL
3900@EEIMIL JOOIHIIEYmRs;

* 0bLGHMMOMXO S JMEGHIOIE0 SPAOEJOOL s LEBPZsM S IPObIMMWO BHIOOBHMMOYOOL

172

. ©



soitBsBCpnine o

uuuuuuuuuuu

*
* oy K

Project funded by
EUROPEAN UNION

06906030 JLMYEHO3MOHO VOMHYPMWGdGOOL TgbsMBMBIds, ©OE3d o FoOMIs ®I35bEIwo s
93535000 5MddOLM30L;

e bgawo gMPgmb Lsbwgsm s dobsGrveo LobGgdgdol 0b@gMdmg@ogost 3mblgmgsgool,
239650 gd0Ls s GHMMOBIoL JoBbgdOLmZOL;

* Lomsbagm 9969xd96@ M H950d9880 Immogligds 9980560l Logdosbmdol BsGom 13gdEmob
d9L505d0bo©, MMIJEoE 80BsbL Fggbodsdgds Lsbrzsm s dEobsdngdols ocqdmdo;

e 33wg30Ls @d  GHMYbobgaol MBOHMBzawymgs s 980560l Loddosbmdol  gotmgdmby
©90mgdd9gdol dmbo@m&mobyo, 3500 GmMm0,l 45630M50Mgd0L 30MHPIZOMO O 5MH30MPISOMO FJEJRJOO
o5 300090569 J0HomnloMAgdMdOL 36ModE03s.

MPA 353 bwgsdo

3530 B35 ©00gddol b Mo BEZss, Jomowo 39bgdMH030 LOMRWMWYdgd0m, M¥d3s dolo
00MmIMO35(i3gMMm3bgds 0O Log®mbol {fobsdgs: qlgbos: ©dOBIMMYPDS, mg3Bomds, LobBwzsm
dodmbgms s GMBL3MOE0, 0MbgdM030 MHILMELYdOL  godmygbgds, 0b635B0MMo  gabmEH03MMO
LobgMmdgd0, 3e0do@ol (330 gd9d0. doMIMOZoERIMHM367d0L F9bsMPmbgdol Modwgbodyg dogemomos
BgMbmgzol ByMzwo o Mmam®sl Lofmegdol MHBoMmTobstmo F03E0Mgds, GHVMOMOMEOL ToMoygdol
2300330335, BMmbol 360EH03Mwo LEIGMLO, dgMOL 39FJd0L LogbmzMIdILO 5EROEIOL VO39MY3S
o 5.9. 9530 BO30L 93946900, dMJstglEolL 3mb3bEool d9839Mdom, FEOMBID A5MIMLES3E3000
00Mdo6gmdol  obomdxmdglgdol. s0sbmsb, gemo 860d369wmgsbo  0bLEHGMIgbGHO - Lobwzsm
Q©GN0 BHIN0GAMOHOGOOL 56 MPA- gdol ©sbodgbs - Gmdgmos by MB®m bdoMo@ 45dmoygbgds
©IO3Egm 9313500 O 5oL 0MbM3L LoBEZIMm LEHMIBIR00L OMIIH035, 333 3MOLSITSMOBI©
20900yg698s Go30 B30l Mgyuombdo. 530 BL30L J3996900L oGO BHIMOGMMm0gd0L LobiEndgddo,
Q5 356531 GOOM MPAMOHYE DBMbsTo, LsBZom MdOYIHIOOL FoMdmMBoygbemds 3vy0s. MPA- L
Dmaso doBsbo sMmoL A9M3399w0 LoBPZsm  35B0FHSGHJOOL b Lobgmdgdol @o33s s SMYabs
©IAMIOOMGOOLYSD. 2oMs 530y, MPA Bbo®l MFgel dgogzBgmdol, 973x™dJLIBL Lm309EE-
93060003996 d993g0L 50 0WMdM030 19gdgd0Lm30L, bywls MHymdlL Fywol batobbol seygbsly o
39650BbgdL, 249693H03M0 BMez35xgMM369d0L  dgbs@BmMbgdsl o SMJgMmEmaomMo  dgyergdol
©o339L, 9939 OO  IMWEHWOHMo 8603369wmdOL  LEBPZsM  EVBEToFHRL.  G3MM3Is3d0MOL
3003035 BBz BoMIMZ9wwxBgMM369d0L, ©IGMWo GIMOGHMMOJOOL RIZE0m, F0056MEYdS
AWMISEO, 93603930005  ©s  MYu0Mbmer  mbgbg  bogolMo  FogdMEgdgdol  BMEDY.
20Lobodbsg0s MPA- 1 Hragro 093bFgHol gbgxdgb@Ls s d9bgdol 33580, 3MMdBH0O FoMdMmoygbl
36003690306 dmbo39990L Gog0 brzolomgzol.

93¢MMx3035300L  (J0M0MsEI©  BOMIMygbmmo  [o@dmTmdol) s Bgdbmagbmeo
©5006dMgd0L g0amdo Fo@gds 8530 B30l Lbgsalibgs Lsbsdomm bmerdo ofj393L bgasGom@o
998993700l 396300056M905L LabsdoMm §3mboLEYFYdT0, 56¢7 dOMIMIZoEXBRIMHMZOIOOL YR30,
36MIGH0mdOL  dg830Mgds s 130035(096olL Tl gdEMdIRL. 5GBS 3TMmOLO (3¢
Qo00b6dMMgdoL Bgdmgdggdsbyg LoBLgsm 09dgdol MYsx0MgdoL dgbobgd gsblsBrgmsgl dgbsdsdolo
9300960530980l 9989853900l 39 99gdol  dAMToMgmdOL 0bEOZsGMMOL  FgLogeligdars,
bogol  Igexgbg  29Mgdml  dmbo@m®mobyol  Ggagdol  3Med@ogme  298mygbgdsl.  Lsbsdo®m
930LoLEIgdT0 3g0MmdIbNMLOL M350 xBgMHM369d0L 06396EIMODIE00L FoMdmgds s JEobog0 330
53965996 GHMM05, 9YMOO 35MgIML 535506 gEo 358Mmf3930L Fomzo¢rolfobgdom. Lsbsdomm s
LsB3sm 3O BHIHOGHMH0g00 (MPA) Brs0o© 5005MHGRME0s, MrYMEE doM00SEO bsdowgds
D30l 25Mgdml s d0MIM35xzgMHM3bgdol  TgbsMBMBIdOLEMZ0L.  EgOLam3zol Fogo  brzolL
Lsbsdotm bmerol asbfiz@og 60-Bg 9GO ©IEMWO GHIOOGMMOs s BBO EMLs Lsbsdomm
93996900L 30gM, bmm 9gdamdo gsbzoms®gdols Bobbom, sdsEgdom 40 BHgMHoEMMOs 4odmoym.
3bMowo 2 4306396906 LagHmsdmGolm 960d369wwmdom 8530 BE3oL LabsdoMm Fomdgdl. 59s50sb,
©©9©9 o6 SOLIBIMBL 0bBMMIs305 MGMIgmol Fsz0 bwgzgosd MPA- U 0©gb®BHogozsgoolbs ©s
890m0535%900L qbsbad (gbGogo 2).
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3bMowo 2. 830 Drzol LsbEzsm o bbsZOOM ©IEMEo  BHINOGHMMOYdOL FoEosbo
99053060 g394bols o Lsbrzsm o3 GHIMoGMMogdol dobggom (MPA), momm Lsbsdomm
Dol dobgoz0m. Fysdm: Fogo bwgol TDA 2007, BSC.

Country Protected areas (ha) Sh‘;::g:; shorxii/:g:rarz;
Marine (o Coastal Total
wetlands | terrestrial
Bulgaria 1,160 16,902 115,590 133,652 300 4
Georgia 15,742 0 28,571 44 313 310 51
Romania 21,000 339,337 226,008 586,345 225 93
Russia No data No data No data — 475 —
Turkey 0 31,335 3,000 34,335 1,400 0
Ukraine 123,531 92,498 68,658 284,686 1,628 76
R etam| anon2 | angr| loms| 43 -

5MLYOMWO Bobs30MmM S LEBPIOM EOIEWIO BHIMOGHMMH0JOOL MYAOMbsHO Tgr3oligds oo
LobE3MPPdo  dIBGHIWMMHO  3500GHIGHIOOL  sMLYdMBOLS s  dsmo  60dz6gwmdol  dglisbgd
000MIM535¢RIMHM3bgdoL  F9bs@PBMBdLMD ©s393806M9d0m. doMmomso dmbsigdgdo dgbmmenmMo
3b™390 g0l Asbsfogdols s BodMgEol Jglobgd Fgodergds LaloMgdwem oymb 00 IEwICo
A9IM0GHMMH0POL  Fgboxkgslgdo,  OGMIwadol  dgleggMolos  dgbmmemo  dmbo@m®mobyol
0mbolidogdgddo. Labrzsm 3o GHIMoGMMOgdo (MPA) Ly Wa®M bdoMs 353m0ygbgds H@AMM3
LBz 363d0L o330Ls S B3gPL B350 sOLYPMO GMEbowwo MHYLMLIdOL FEAMIEO ToMm3ol
0bLGHOIGHEH0. oM@ sdobs, 1Mg3HIIMOL dgbgxTgbEHOL 93mLOLEYTDY ©8MIBYdo JoEymdol
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2396300009358 go0mg@0bs  Lobegsm dmbgdol  @o33goBs s Y3HBFYMoL  BgbgxdIBEHL Mol
2900503090 dngeo Goyo doHbgdo, HMIWIdoE 930w gdgw0s MPA- 1 4s630m56M9d0Lmg0.

Lod3MB0ddo Fomdmagbowo 045905 MPA- L Gmeol bsBastids mg3bFg®ol dgbgxdgb@us s
06900l (33530 0bGHYMS30530, FoMBm®ygbowo 0dbgds s goboboegds MPA- L dodobstyg
93630 s BogMHmModmMobe 33eg30L 89092900, LG J99M0sbEYds dg3boghgdo, dgbaxgMgdo
5 50bEgM9LgdMEo TboMggdo yzgws dgbodsdolo LEgMMEsb s bYJGMMOEB, Moms asbobowmb
9bdEo 1336990 s BoEyMId0 MPA- I 456300056MH900L 93meEmy0w®, 93mbm3o3wH @S LraEoswe
31399390096 ©539300MJd0mM. 936 35300MHOL 3ME0E03s LEBPZoM BOMIMOZ5wRIOM3B7d0L OGO
3900GHMMH07d0L  BI0IZW0m, Z0MIMPYdS  JEOMOSWNM, 93MM35300MLS @S MYAOoMbY  mbyby
Bo3oLM0 350 gdgd0L BMbBY. 93MMm353d06MH0L MBI, 93MM393806M0L Lobgwdfonmms o
000530Mmd9d0L  BgmoryMgdds 009l 35¢EYOWGDs, “89obgMmb BOoMIMOZoRBIMM369dOL  ©IZIMAZS
[936035380630] 2010 Ferolmzgol”. gemdsew® ©mbgbg, dbmgeomt 130-8g wowymo Jg9OmEs
39EIPNWGPRL,  GmI 79608369 m3zbo  Fgod3oMgdgbd  BoMIMOZoRgMM36gdOL  @a3atR30L
009580b6@ge»  8B396909L  [ALmgmomdo] 2010 fewoborgob”,  odgs  Bggbl  §obsdgs
00MmIM35¢x39MMm3bgd0L s 3MH0GH0IMWo 93mbLoLEYIOL MFY39GH0 s 30©I3 YYBOM ERJsMIIMO
©oH0sbgds.  93MMLdFMI 5M59OMbYE FMoMbMZs RJsMFdo dogrolbdggzs 50 35¢JdIEgdgd0L
d9LOLEOMEGOIWS.

9360m3900  LsBMPSEMIOOL  Mmbs3z0mo Ladmddgom 99-6 3MMaMmads gobbamzmogl
"0bgdsll 5 BOMIMIZoEBYMHMZDIdL", MmamEE Lbsdmddgom 3MomGmoGgGIE gdsl. g3MM3oL
356Gs9gbBHobs s LodFmlL dogH 9g-6 Loomgdm Lsdmddgm 3MMYEdsd0 EaLabywo dvybgdols ©o
000IM5350RIMHM36go0L  Tgbobgd  Lsdmgdgom Jobbgdo s 3MoMmOHoGIBHMo  F0dsMMEgdIdO
9dmo@ogl: » Natura gugerol 994d6s o 930egd9wo 39960379600 @S Bobsblwymo obLEHMBgbEHRROLS
05 BmIgdoL BIMA3s, Bog LoFoMmms Jolo LOHEYMGBOELE PobbMM0gMgdOLsMgol s Natura 2000
A9IOOGHMMO0L  49Mgm, 3500FIGHIO0LS O BM0B3xEgdOL  OMYJEH0390000 OGN0 Labgmdgdol
©3b539350 (@baro 6.2.a. 9 -7 396dB0) ¢ LsBLIM BHIOOGMMOgdoL Fgdamdo bgumdghymds,
396dme, Natura 2000 Jugeol, s4Mgm3g LaBmasmgdol Bbgs dgbsdanm Lodwgsadgdom o33 (3vb.
6.2. 9. 99 -4 3164®0), OHMAMOE BOMEMAOWMO IMZo¢BIMHM36gd0L Tbobgd 3mbzgbgool (CBD)
bgadmdfg®o dbody, 936003035 LsHmysmYdsd ImsdHas 9303538060l dOMIMIZowRINM3bgdOL
LEAHOSGIR0S @S BOMIMIZoRgMHM3bgdoL  bsdmddgom 49gadgdo, GMdgwoms dobsboo, inter alia,
000MIM5350RIMOM3bgdo0L  Logombgdol 0bEHgaMmoMgds Lsmgdm vy bbgs 3mEo@03gddo. Lsbrzgsm
00MIM35¢R9MHM3ZbJO0L LogoMbdL AsBobOEIZL BOMIMOZeGIMHM36gdOL Lsdmddgom ggads (BAP)
0690M030  MLLdOLMZOL s BAP-  8gmggbgmds.  sbggg  @ooLgs  Labegsm  Lagombgdo
L59605dMBHOLM Fyagddo g3eM319eo bsmgzbom BuMEHOL yo3wgbslimsb s39380MGdOm.

0mddgogds G Foesdool  gbogbowdo  domomgdmmo  AMZ5¢0  3HOMMOGHIGHOL
99L9d580L5©, 2006 ol ds0l8o 3030L0s3 Joowm 3360 3530s BOMIMIZIWBIMM3BIVOL oIoM30L
9B gMgdol glisbgd 2010 Ferobiomgzol, sbgzg 99odmdsgs (2006) 216 Lsdmemm] s3B0E0MOO 30mEoE03s,
Hdgebsg 2010 ferobogol mbos 999hgMgdobs BOMIME35¢g39MHM3bgd0oL ©35My3s. JgMdm, 956
99105355 930™393806M0L Lodmddgom 393ds, 3358300 3MH0MMOGEIGHWIo JoBbgdom ©s J8gwgdgd0m,
MHmIgerog 9m0Es3s  93Mm3szdoMmol  0blEOEMBHIOoLs ©s azdo  Labgwdfogmgdols  dglsdsdols
3oLbolidagdEmMdsL. b90mo0bodbmero 36m3gLob d9L5d530bo, 936m3539060b
30MIM5350089MM36900L  Lsdmddgom 2938530 bLaBLIGO 3oMzgmo Jdggdss Natura 2000
Jbgeol  EslBvEgdol  J3gmdgdol  sBdeMgds: V2008 ferolmgol UL3gEoswvMo  ©IENIEo
A9IH0EMO0900L LEWEo Lsbgsm Jugeo (SPA); 8000Mb LEBMASOMIdMOZ0 360FZ69EMBOL LooE ool
Logdo (SCI) 2008 §ersdog Lobezsm Lsbgz®gdolomgol; ©abodbmb JmblgMgzagool b3gsosww®o
A9H0BHMMH0g00  (SAC) s BsIMoyseodmb BsGm3z0L  3HomGodgdgdo s SAC- gdol  LsFomm
Bogmblig®gsgom Bmdgdo [Labegsm bsbwgsm 2012 Feobmgol]; 8goddbsl dugaglo d96gxdgbGHoLs ©s
306LgM35300Lb Bmdgdo SPA- 9dobomgol [2012 ferolmgol Lsbwgsm bsbezsm gwm@Eobmgob] “. gb
Lsdmddgom 4gads g3y FobLIBOZMHZL 3MMMgLol Fmbo@m®mobyol 0bozs@M®mdl s dgzzsligdol
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3053303V.

00MIM535¢R9gMOM36qd0L  dglobgd gl 3mBmbozsos  Bmofimbs  Lbgs  Lobmysmgdmogds
0bLEHOGWGHYOTs, o FmMob, 2006 ol ©939ddMOL FoMmgdmb o330l LodFmad, MM dsg 3MIoLosl
s §19360 Lobgwdfogmgdl dmmhms, LolHMsxgmE gsboa™Mdmb domdMmsgzowagmgbgdol Lodmddgm
39280L dgbmyegds. 3m89bo3sools s Lsdmddgm 29335 0035¢0LFObIOL bbgoalibgs sMLgdVIE
L59O3MOHOLM 35¢EJOEGOJOL, LsDMZsM G GHINOFGHMM0JIMB V39380M9d0m. Fo30 br3s
doeosb 3603369¢mz960 Lomgzbom Mgaombos brzobdots Jggybgdobmgol. 3 Mgaombdo 0gzbol
96535000 Lobgmdol  3603369emgzsbo MomEgbmds dmodmggds. wdgEabmds -  LsdbMgor bsfoendo,
09OJgmol Labado®mmgdol gslfiztog, Lawsg Engraulis encrasicolus ©mdobsb@o mggbos. mvyGdo
09093%9900L d0g® 56BmzsL farom®o gLeb@o ssbemgdom 250-300 smslio GHmbss 99 Mgy0mbosb,
099935 OMLHOMMIOIEO  VOMYIMEGdGOOL  Fomgzaeobfjobgdom, gl Bshgzgbgdgwo 3093 BROM
Jowoo 0d69ds. BN Fysewdo g3Bomds dmeosbo mgz3bFgMol 3Gm@d@gool 80-90% -U
990090L.  Bdymo  mgzbol  Fomdmgds  Abmgeoml  g3gybgdl  GmGol  27-9  syowbgs.
LoBO3MRYMJ 193BoMdsL 93 J39949bsdo 3M0MMOEIAL o6 96039096, Qb Loddosbmds doMomsws©
b 390090 83 bwgsdo.

dmm  ©50gbody  smfegmol  asbTogmdsdo,  BOHEOEIM-EalagErgmol  dmogsMo
906509900l JogM 1153390 5030YMGVMS FoDBMPOM A5TM3JME0 G3EHOMB035300L F9LIRO®, dMEIM
fargddo 9sg30 Be30L 93mbolEGgds gJuBHMYTome (33w0egdgdL goboizol. 1533900 BogmogMgdgdol
9933000 Booblol  99m,  35MEIMPOMEI0 (33O GOIO0  50Lsby  BoGM3BIBHMboL s
Dm3obdBHmbol m30LMmdMm03 s MsmEIbmMdMOZ Fgdoygbermdsby. 3¢sbdBHmbol Gomgbmdol
DO,  sEdsm,  3LMbolidagdgwo  ogm  dmm  M339body gl gobdsgzemdsdo
©55304L0MGOMWO MM BJGLYMO BoEOMmIdOL BOEIDY. 5TbMB, 1988 Herosb Fog Bmgzsdo
990360 BsMBsboG0  BmmM3wsbd@mbol dFs3gdgero, ctenophore Mnemiopsis leidyi, ®mdgwogs
3BH@6E030L m39560L BOOOEM-iLgEgm0sb, 9g8mbgggom 8gdmgos 53 brgsdo. Mnemiopsis- ol
9L FsbMBdGO30 Ingngbs, BeymMa BbL, To30 Br3oL 5639L0LS s bbgs 3gwvg0MMO MY3HOL Jocroggdols
03390000 998306900l gHM-gMm0 y39wsby 8603369wmgs60 d0BgBos. 1997 ol md@madcmolomgols
9530 ggMoL  sMo®ds fywgddo sbsewo ctenophore (Beroe ovata) go0mBbs. dgGmml 43560l
Lobgmdd0 Momddol gdugerbomme 03399905 Lbgs ctenophores- om @ 33900l YYHMOYHMNJIgJdS
ctenophores- 9o Jdbol 93m@®A0MG 93939380606  LobEGgdsl, GmIgog bgzg ImJdgEgdL
3obgEHmbol  LoBmysmgdol Lbgs 2bgmuowgdgdby. Jmaymom Bp3900s6 ®BLYM3sEHMMHOgdOL
dmb5399900  doosh  360336gcnmgzsbos.  ass  s3oLs, g dmboggdgdo  FoMdmoagbl  bwgzol
X960OMgmdol  FsbB39bgdgel,  MHmdgog  dBY3g  SMBOWPIJE0s  JE0ToBHIMHO 3500530900l
30393500060 (33000 gdgd0L sld3Z0MZIOWS.

Lsbs30Mm@ bmbol 0bEgaMomgdwywmo dgbgxdgbdo (ICZM)

LobsgoMm bmbgdo obEHMOOOL Tsbdowby MMymOE MGG, SB939 93mbmdozmdo
0350LaBOOLOM 439w LabIM3ZgEX0 SAOMIGBO 25bs, T 3603369 mgsbo HmEwo 0msdsdgl
930946900L  A9b30maMgdsdo,  Lobmysmgdol  93mbmdogmmo s  LMEosWMMO  gobgzomomadols
39L50gdMBGdOL  JMombom. JmBwom  FmbobErgmdol  3339MMsE  2OBOMEs, BLsIMMGdOm
LobsdoMm bmbgddo, LiMmsgso s650amMadl d+9bgdMo30 LodEoMOm FEO0EsH Lsbsdomm Bmbgdl.
Lobs3oMm Bmbgdo M0l ol 5ER0Egd0, Loz BEJds MMM s 0bGIBLoMMmo dmddgwgdgdo ©s
MOMOYOMJINJ0S 9J30  BoDOIMG, Jodow®, BdomEMmowe ©s Lbgsabbgs  gotgdmbissgom
360396900, PoPMYIMEO L5gd0sbMds LbsdoMmH™ MuMEOLYdIbY s 93mbOLEIBBY Aoblbgsgzgdwwo
9939000, sbgbl 2o3wgbsls, Lobsdomm Bmbgddo MHlyMLYdLL TmMol TMI0WIONEJOOLs S TomO
3990ygbgdol gsdm. Lsbsdotmm bmbol gMom-ghmo 3md3mbgb@Eol B3doldogmds 3gerowgdsd dgodergds
39900300l X53Z3MOO 695d305, MMIgdsig 990dwgds Fg33owml 49Mmgdm 3oMmMmdgdo. LobsdoMHm
Bmbgdol 9839JGwIOH0 FoOMNZoLMZ0L, Lsbsdomm HBmbol 3HMdEGIGOOL sbser0BOLY S J9FHOLMZOL
dglfogaroew  Mbs  0dbsl, oy s MEPOgMmgdggdsdos  Lsbsdotmm  Bmbol  dgdsygbyro
300306963900 ©s Mbs 99mdsggl dmEgero, HmIgEoa GgoLfegerol Bgfmesl bLsbsdomm bmeby,
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3MLgdM 306MdgOL s J0BYH-89IRMIM0Z YYOMNOINHNMOIOL.

LobodoMm 3mbmligdds, BosE edMmsgzo MILMOLO SMLYGIMOL, gsbogsws 0bGIBLowMmo Bgz0L
35905 LodMgh39w™ 4563000 odm. LsbsdoMmm bmbgdbg 3 Bgfimergdsd sm@Esbgro baMazs o
930099600 bagzs 3s8mofj30s, MMIgums 89hgMgdsll oo MM bFoMwgds.

LobodoMm Bmbgdol 9x39JGMee©  godmygbgds 89mdewgdgeos  LyBMYsEMgdol  3bmzMgdol
boMolbol  dolordxmdglgdEs, 30GMgdBol doM0mso JobHBobos, gsbosgomsmml BsGm™ LabsdoMm
3003030, Moms o6 dmbgl 39693M030 LEHOMIGHMOOL  goboaMgds, LobsdotMm bmbidowsb
9439wbg  9839dHMO0  LEMRYJOJEo Joomb, LsbsdoMHm BmMbgdo Lormzgmglm aBbom  FoMrmwaobmb
153290056 bogwbl s 990bs®bMBMb 58 EgMHoEMmEMH0gd0L Mbo oMo Lowsdsby.

d398m0o  BsBmmzowos M Jgmol 8sgo0  bgol LsbsdoMml  doMmomoo  3HMdEGIJOO
(CoastLearn- qob - dsgo bpgs (CLBS), 2010-2012):

* 3930530 MMBBMwo MPBIdo LEMIRO @O SMVMIBIVBIGMO LEHOMIGHMOMOMIPIOL  QoTm;
36505650560 LEAHM®MJGHMES 3Y6gdMH0Z BHIMOGHMMOGODBY;

o 565¢0336D0MJOMOo 5396900 s 5MYLYGH03M0 FJMESEO Labgdo Lbs3oMHMYOBY;

e 3Bg0MH030 5 OLAHMMOWMWO OGO BHIOOGHMM0Yd0, MMIYEmS 33> 99AEYdJE0s
&MH0BAoL LHMmox0 340630m56Mm9d0L 450m;

* 399603160 5 LrE0sE MO 0BRGLEHOMIEHIOOL 553cgdMmds LEbs3oMHM bBmbol Asbfzcmos;

e B30l 9MLYdJIOL 2505896gds BLZ0L Yol sdbdMMdOL 4odm;

e 9MHBB0BOEGOOL 5dBH0oMEMmO 3MBEHMMEOL sMMLYGdMBS, 153doMOLO MMBIBMWO FmdLsbwrmgds
o5 3509l s330L doBbom;

e 5MLYOMEO  J9b65EODOEOOL  5009335GMO 93193905 o Br3sdo BsdzgdoL  SMLYdMEO
39150 gdMBOL 490dgBHYOS;

* Lobangdols s GHIGMOLEHWEo G96mdgdol Jdgbgdwmds badomol galifiztog 99Jdbowro dsboerols
©53393600;

* 159 5TMOHOLM LOGOBL3MOEHM 2999008 BOBIMEYDS;

* 093BF9M0LS s 1g3Bol JgMHbgmdgdol sd0bAMGdY;

o LodMOo Hgmol, KLIIOOL AsHgbEOL, TosMMYdIOL IML3MZIOMOE  Jodmygbgdwyero
§9angdobl Bsobgds begsdo.

36306309900 bbs3oMHMm Bmbgdo MmMEJgmol LsbsdoMm bmbgddo gsdmoygbgds gdwgyo
doBbgdoLomgzol:

* BMobdo

e Lobmgem-bsdgMMbgm GHIMOEHMMHOgd0

e Lobgdo (LabEgdoL GHIMOEHMM0s)

¢ 33069 Bmbs (M936M9530990 Bmby)

* 06MLEAMOMWO BHIOOGHMMOS

e BsMhgbdOL FosBos (fiysero, dgo@o bsMhgbgdo) LoFoMmmgdl bsbsdoMOm bmbol dgbgxdgbEL
39965¢0HgdE0s 58 3OHOMMOGHIGMO 3OMdEYdgdol FoBgHgdo s Bsco 3mEHIbEoMMo 89093900,
Bo@ot©s 3030063008 EMTsMgMdOL  965¢0Bo; Fowgdmwos bsFomm dgEgagdo ©s FgBoLgds.
0m3¢g05, MM MgR0mbL LILHOIRM® BFoMPOdS T>HMZOL 29ads, MMIGEoE FMOEI3L FIMHYIML o330l
L5300bgdL. 30306300l 3MOMMmOEJEHWO bd3obgdos:

* 656BgbgdoL Fyamol asdmymms Badombyg

* LobidgEro Fyaol Mom@bmds s batolbo

* BMMHO0BIND 5353060900 LogdosbmMdOLS s 0639LEOE0JOOL B3 gdMdS

* Joesgol 2963096930l JodsMmMEgds s dobo dobgbgdo

* 930bm303wM0 b5JI0s6MBOL dYMTMGMdS

* LYBMASPMIOOL FMBSFoEgMdS Jogrsgol g9b3000MgdsT0

e 0BLEBHOGHMEOMMO MbOLA0gdIOO S JobMbgdOL FobbmMogEgds

(CoastLearn- b - 9s30 bogs (CLBS), 2010-2012).
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3530 B30l Lobs30MmML B3YxE0SW MO F9630MMYOOL Iigds 4oblsBO3MmZL:
AIOoGMOo0L  Loghom  LHOMIGMGS  ©d  LAHOMIGHMOOL  Immbmgbgdo  dolo

239630m56Mm930Lm30L

- 963690 s HgR0Mmbmero 3608369cmdolL 3Hgdbozmmo 0ba®slid®md@mmol Lso@gdo

- 39699mb 3306 WMboLdogdgdo - FHIMOEGMM0Jd0 S 4ol GHIMOGHMM0900, sb30mscMYdOL
39D0MEo M9:50090000 S d96mdOm - BHYOMOEGHMOH0gd0 d0BBYLOL Loddosbmdol glislbdM*IEgdws s
5.0.

3530 BE30L  LobodoMmby 8gdsty B9bo3035¢00GHYEBHJOOL  gob3005M9d0L  4gbgPomEo
2928900 29bLoBEOZMZL:

- LogMEOMOEHM albErgdadoL, 39OHMEMEYOOL, olvlggbgdgwo sLEbEgdgdols s 3o gdol
Bmbgdol Joglodo M@ oLd3gd Mg3MYo30 GgbodwrgdemdgdL

- 3960GHMMH0900L JLmMgEBH03WMHO M30LJdJOOL O330L, MJIBOWOESFO0L, TJEOMEHFOOLS S
399X ™MdLgdOL  LoFomm BmIPL, bdsxgGHol GHo30Ls ©s INWGHMOMO ©S OLBEHMOOO
099330006MgMd0L dgaegdol ©s330Ls s Fgerom™sool BmIgdl

- BIOHOGHMMOPLs s Bmbgdl, GMIWYRToE 9O sMOL d39dMwo FdYBIOWMDs, SAMINZY
M95MMH0 YMHBB0BYOMO FHIMOGHMOHOGOOL LoBPIMIOOL AoRMNMYGDL
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us/about-producers

LBzt aB900L GHMIBLEMOEHOMGOOL THBsMIFIMs 396G 93MrIM3sL, Fo3 BLIL, 35300l
D3l ©5 299005690 LsdggRml JmMgee 50dMBIgzEgml FmGOL d3mGMEId0L, Mgyombgdols ©s
BLosb 393000900 sbmEos30gool 0sb6sdIOMImdOL  bgandgfiymdoo. 5055050
06860LGMMIGHMO0L ©BIMJOS © 3M59RB9]HMIM0 IMALobMgds BEM©LgL Pywol GHGBL3MGEOL
LobEgdol 3mEHgbEoswl.

36mgd@o: DBS Gateway Region www.interreg-danube.eu/approved-projects/dbs-gateway-
region

3530 B30l MHgu0mbol Lodmdowsdm LaBMYsE™gdoL FoMmdMmToagbwrgdl ImMmol EIdsGEHIOOL,
m®IBOHO30  3Ebols s M6sFIOMIWMdOL  LoghEol  MBOHMblgwymes.  9g3cMm3sgdomol  doge
©5530656LgdMwo  30MmgdBHo FoBbs olobsgl  Mgyombs®mo  MobsFIMMBWMBIOL 9630056l
Lodmdoamadm BaBMASMGOOL MEYb0BE0gAL FmEOL, HMIEgdoE FbsML I MHgb 3sOHEHBoMMmMBdOLS s
36>9d3Hgool 9geHoMmdEog 99Jdbsl.

36mgd@o: 8530 B30l 5MLSFMNIZOHMBIM MMYB0Dogogdol gmedo www.blackseango.org

MPA- Longol o3 bm3580 MISIS 36mgd@o ‘MSFD Lobgenddmgsbgwm qomdxmdgligds 8s30 bogol
063g3m0MmgdMwo  dmboGHmemobyol Lobgdsdo (EC DG Env. Project MISIS: No. 07.020400 /
2012/616044 / SUB / D2) gobsblogds 930Mm3538060L 8096, Gmpmes Lsgdosbmds EC DG Env- ob
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http://www.emsa.europa.eu/
http://www.bluecareers.org/
http://www.blackseablueconomy.eu/
http://www.interreg-danube.eu/approved-projects/dbs-gateway-region
http://www.interreg-danube.eu/approved-projects/dbs-gateway-region
http://www.blackseango.org/
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BoMAqddo. 3MMMsds "BmbodBodIwo 3mgdggds - 8530 BE3ol syHol oMgdml dmbo@mmobyo
5 8530 Bgol MHgaombol / 530 BL3oL s HIYEMNsTsBPZ0L30MIMNOL LEYOMDM G3OM3YEo BIGRM
36myMs0s. 2011 §. MISIS Fo®Bmoaqbl Fo30 Begol  3meo@ozol  3s®dmbobogool  3GmEglol
2396mymxzger  Bofol.  Mgaombdo  2s6M9dmb o330l Lyg®MBo, Bglsdsdolo  gg3Mm3mwo  fywol
23000350bfobgdom. sbgsm0odol dobsbos, s0bodbml d9gbgnoE0st J3gybgddo dowfgmwo 3MmyMglo
LoBOZoM  GHINOGHMM0JIOL  ©O330Ld s BOMIMOZOWBIMHM3BIBOLS s W bsREHOL o330l
36HMEMIMEoL SOLOHXEYOOL J0ToMMMEIdom ©s 58 3MBAEIJuGHT0 3MbIMIBIS© doobgEml MPA-
b oMy 19695303056  J399ysbsdo ©sbodber MbaL, BToMN3gMBOm 4gadgdLs s Fsco
2306bmEE309gd0l  9839dGHWOMdsL;  Fod  JmEOL,  Fogo  BE3zoL30MIMTo  BHEMBLLILSBOZO™
3900GHMM0900L 93930l 0YMHOONE, 3MWOEH03M s G9Jb03MG SB3gdBHIOL, OMPMOE OGMEOL.
159039 93999659 O55MLS OGO BHIMOGHMM0JO0 DBr30L Boffowdo, o330l JoGIRMMmOgdO Lo3dom©
adbasglos. OGO GHYMOGMOMmOGOOL  3MMYIEHIOOL  3OMEIBO  JOMOMIPIE  AOBBMEEOYMES
BgoMgmbs o Mdobgmdo Natura 2000-0bs o mddgmdo Emerald Network- obs s RAMSAR- ol
30639600L B5OREgdT0. dere®MgmTo 9339 by 15 L BEZoM IEYO BHIOOEMO0ss, MMIJWOE
dmo3ogl  OHmameE  Lobegsm, oby bIgmgool  bsfogdl. 05505, M0dgbody  ox3eMmMMgdoL
36mEgbdos (6 Loo@o), 899853900 Fobowsgdgdo 3 sbowo Lso@ol dgbobgd. Hdobgml 5J3b 2
LOBEZOM MO BHIOOGHMMO0S, Y39eaHg 0O B0l EIEEL dBOMLEBIOHML Lobwzgsm bofowos,
GHIgebsog oLg3g 993b 8969x96EHOL 29209, 8 5F0WO 35d0GEIEHOL OMYIEH03000 s JHMO FHOB3gE Ol
©0MYJBH0300. MYMgmads d90mazmg5bs 6 RAMSAR s@y0w0 @ @gw@e 8530 Bmgol Lsbsdommbg.
dbmgon  JobdEBHdom  dbgdol o330l T30l Loy3gmgbm  3MOd@Ho3ols @S EIEYICNO
3900GH™MM07d0L FoMm30L IMs350 Lobgarddmazsbgwm 3M0bE039d0l sGLYdMdOL dormbgsgsw, dsmo
Bo®mzs gim3bran 306mb3gdemdalis s 3mo@03sdo 33wsg 3odmfzgzo ®Rgds. MISIS 3Gmgd@o
2@35L90L MPA- boob 053538000 356mb3YdMBdIL s 3t¢0E035L dYEasM)0Td0, Hydobgmbs o
09679 do. gs0mgmgbowo "bo®zggdo” dmoEsgl obgm bEgOMdL, Losg JobMbIIRPW™dS @
3003035 9O 5MHOL ©535MRM0. 2o0s 5oLy, s193g Fobobowrgl Fglsdsdmdgdo HaMowmdoom
396mbBL/ 3me0@03sbs s 00 305gGH03oL oL, MMAgEog 2odmoygbgds sYOWmdMO30 dmbsbergmdols
9096. bshggbgdos, MHMI dmgdgo 3o6mbIIdmdols s 3MmE0E030L ©HE33S FMmombmaL w39magL
30BGHOMEL s 936m3039M0 Fobogroligdol a5630msMgdL. Fys®m: Begun T., Muresan M., Zaharia
T., Dencheva K., Sezgin M., Bat L., Velikova V., 2012.

8530 B30l d0MIMZ5¢RIOHM3BdOL 3MBLYMZs305 s OE3S. T30 BEZOL sMLYdIMEPO
5392000 3O GIOHOGHMMH0gd0L  dodmborgsdo  (0EyItgmo, Mmdobgmo,  mwedgmo)
2306L3PHMGOMO YMMO®Ids ©9mTM LOTIMMOETEI30 MOYBMYdOL Tgboderm botzgbgdls o
0o630L 3930900l obbmME0gwgdst. EC DG Env. MISIS 3G:mgd@olb dofimegds. www.misisproject.eu

MISIS 36mgdGas, bbgs 8936 LsdYsegdIMS ol Fg0MY300935D9, 3939903093 d5FmE393sL,
HIgog LsFomms GHGMBLLILIBOIMM 3o GgMoGmMogdol Strandzha - Igneada os®LYdOL
36mEgbdo, OGMIgEoE dEgdIMIMBL  dMERIMINLS s MOJIHL  FmEOL.  33¢g30L  FYIRO©
03133696, O™ LoBPZsM ASMIIML 93MEPMAOMMO LOMMVIEY, MMIgEroE FoMdmagboos dEMbgs-
0bgosl Mgy0mbdo, dgodargds  FgboBMbgl  dbmermE  LogPomm  Logmblghgsgom  bmdgdol
2309mygqbgdom, o3 bgwl Fgfymdl  MdgE350sb  SMLIdMBSL s 93MEEosL BdBdOLs
3030560L Loba®agdemE. GMBLLILIBOZOHM LaBEZsm GO GHghoGm®ool Strandzha - Igneada-
b 96036 gdol 500 LOWLE sMO0L JoFgMEo 93MEWMYOIHO MNZoWLIBOOLOMm, MM J399sbals
dmOol 39390600 3boympl, GMI MmM03g LEIOMAdo SOLYPIMI  JMbLYMZs30MEo I60d3bgEmdol
Lobgmdgd0Ls S 3530FEHGIOOL sMLGDMDS, HMIWIDOEG JMHMToBIPOLYSE ITMI0IIME0s LOZMEMES©
©5 B6430MMH0 H50MbIdT0 FodMsgzgdolsy s J0MoE00l IMIBDIBO 930w gdgE0s 5 FmdObswg
93bg00L, 300mbbsocmgdols, dxdmdfimgmgdols s BMOb3gEgdoL 4osMBgbolmzgol.

Pyo@m: Teaca A., Muresan M., Todorova V., Begun T., Dencheva K., Moncheva S., Slabakova
N., Shtereva G., Doncheva V., Panayotova M., Seghedi A., Sezgin M., Urkmez D., Bat L., Sahin F.,
Filimon A., 2014. STRANDZHA - IGNEADA ¢96o@m6mool gs09dmlb damdstgmds. EC DG Env. MISIS
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36m9dBHob dofimqgds, a3 -158. demwm 3gMomdo dg@Eo dogrolibdggs obstxgds MPA- s Gom@gbmdols
239L5BMEY o Fo3 BZ530 sMLGDO JugEOl FolsbMPYEO©, BHMaMmE gl s0bodbwyeos 2007
P9l 9o30 B30l 3mBobools BogH 39dotgliBol 3mb39bE0ol Botregddo Jomgdre LEGHMSGHIFOI
Lodmddgm 3939500, GMIgEbsg G530 BLZ0L Yz9ges LobsdoMm J3994sbs gl bgal. s8sLmsb gMme,
50 30%Dobl gdlsbmegds EU-FP7 3Gmgd@o, C ° CoNet (bomgob @sgmwo @gdodmmogdol Lsbsdommbyg
JBgob LobsdoMHmby - 6530600 sb oo s WMB> BP35dY, B30l JoMol gbgMA0ol 3mEIbE0s ™Mb
96H9©). mMbo MMBHJo 3sOHEHB0MMO (LETIMEWOL bogxMLOGIGHO - Fgm93HgMdOL B3NGB (IU-
FF); Lobm3dol wbogg®bodgdo - 9900930gmdol  gs3mw@gdo  (SNU-FF), sbeom  s@dmbsgergomols
393603960 1boggdlodgdo (METU) - Lybmgsm dg3bog®gdsms obbGodw@do (IMS) s METU - Ocean
Engineering Research 396¢&®o (OERC)) 56056 3mBLm®Eomdol 9360900, GmIgdog dmbsfowgmdgb
3609JGH0oL bbgo@abbgs sdm3sbgddo, dsm dmMobss 3m@baommo MPA-U 00gb@GHogogoMgds slisgegm
09O Jgo0ol 803 BL3sd0. 3m@Es bbol §ob, mmedgmol bo@yggm s fyarol Loddgms Ladoboli@®mma sbgzg
©50fym  0683m®ds300L  gadmmggds MPA- 1 3m@Gab3ow® Loo@gdbg, ®sdwgbody «boggdbodg@ds
60065 Fobssgdgdo Ladobol@®mmdo. gs bodmmBo J0Bbo olsbogl, dgdmymagsbmm bmyogMoro
9L LoBPIsm EOHFMWO  BHIMOGHMM0s, OMIgwoE 890dwgds gobolobrzmml mvMdgmol dog
be3sdo, 1939 FosfimEml  doMomsEo  0bBMOTo30s  29slY39BH0Egdol  Jodgd  306MHgdLs
©o0bFYMgLGdMEn  TboMggdl  Fogo  Brgzol  LoBEgzsm  BoMIMOZoWRIOM369d0L  ©slivE3e,
3990d394690mwo  6sdOHMIgdol  Logdzgwby  ( bogMolykgdo  woGgMo@Gmes  (3Gmgd@gool,
99b390E0gdoL s dgbzg®mgdol Jmbligbgdgdo), 0bEgMz0mgdo 99m3HYJPMIb s SEYOWMOMO3
Aliobgmdsliosh sgo Bgol m)Hdgmols Lsbsdommby dobbmdmog spowgddo (Oztirk et al. 2013)).

Oztirk @os bggdds (2013 §.) Godmoygbgl Fobowowgds MPA- b ©5603360Lm30L mw@dgomols Bog
3530, GMIOL Loghomm gGoMmmdos 1189,9 38 2, Mog dmogsgl dsgo Dezol mvBdgomol
A9IH0GMOH00 Fyeol dbmem 2% -b (ob. gbHowo 3). 990mms35Dgdwo Y39 sy OO LSOGHS
Sile- 6 Kefken- 3¢y, yzgsby dgoMg bmdol Mezgit Reef (Lyy@omo 6).

3bMoedo dmEgdvyeos MPA- 1 990m0635H30@o BYo30Mwe0 5QP0wgdo 0wMdgomol 8og bwgsdo
(tzturk et al., 2013)

Zones  Areas Surface area (km®)
Zone 1  igneada 143
Zone 2  Sile - Ketken 366
Zone 3 Doganyurt 37.4
Zone 4  Kizilirmak and Yesilirmak 642
Zone 5  Mezgit Reef 1.5
Total 1189.9

9530 B30l LsbodoMm Bmbol 0@ MmoMgdMEo dgbgxdgbEolmaol 8goddbs (ICZM) CoastLearn - 8sgo
bogoLb (CLBS) 36mgd®o, Gmdgwog 80Bbs obobsgl Lobm3ol, 35Mbsl s 3mbLEBEHL Lsbsdomm
bmbol  goBozMMo  LEOWIGHMMOL  06396EFIMO0DIEF0OL  2ob305MYBL,  MMIgEOLS3  MOEILO
3600336900mds 5938 GHOHOHBIOL MZoeLEBMOLOM S FobErsggdE0s 50b0Tbmwo J3994bgd0ol Lsbsdotmm
Dmbs8o;  2obLEBPIMIZL  obIYMMFOME  BHIOOGHMMOJIL  ©s  IVOBIMNOYPIME  333MBIDEHIOL
Lobs3oMm bmbsdo, LBs3oOH™ Dmbol Bmyso FEYMIMIMIOL sYJbol Jobbom. 3Hmgd@do
50b0dbw05 LObM3OL (MMOHJ)00), 35MbL (dEYMI00) s 3MBLEBEL (Bgdobgmo) boFoMmmgdgdo.
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Bgote: CoastLearn - 8530 bpgs (CLBS) (2010-2012) (Karadeniz Bitilinlesik Kiy1 Alanlarn Yonetimi) -
@gmbsmom s 30660l Logmaberol dgdlfogergero 3HmA™Mmds - 30mgd@ol bmdgmo 2010-1-TR1-LEOO5-
16745 (sOGH0dsE0 / Ly3mbEIH™ 3060: 30my. MddmMo wq3gbdo Bat, akademik koordinator /
939009909)MH0 3MMOHEO0bSEMMO).

51336900

3530 D30l EVOBIMOHGBOL 3BrMdEgIgOOL Fysm IMO35¢BgMM39605 (BoMmbglzs, 2008).
30m035M3m30 5 bbggdo (2004) bsbyobdom 50bodbsggb, ®Mm3 Fsgo Bwzol  g3mboLEgdsby
bDOHMIM96vo  Bgdmddggdol doMomso  fiyommgdos: 1) doboMggdosh 93 3bsGo  fywwol
2300006900l G9830MHgd0L,  sMOMmEYBMo s MmMABMwo  bogmoghHgdgdol,  GHmdLbozm®o
603009690900l FgBobs; 2) Lbmgol  dgmembgmdosb, bsbvydol,  3gbGHoE0YdOL,  boswsyol
3003096 g0l gyzs6s;  3)  IM9H39mdo@sb,  doMoms@o, 3dodg  AgBowgdol,  Labgsbo
L5399 gd9d0L, Bgmol Ggy396s; 4) LObEPGdGBOEB, BsBEOBsMY Fyaadol, LsGgsbo Ladreegdgdol,
Bgomol, 350mg6vIM0  B03OMMMAB0BIGIOL Tgyzsbs; 5) sBHIMbBgGMEo  FoMdmBmdol dEH3MOb,
3963bwolfywol, &Hyzool, Bo@®o@gool, gmbgm®ol dgyzsbs; 6) Bsg0ps300L gbom, bBsgmmdol,
9300303100 Lobgmdgdol dggz96s, bdol sd0bIMMGds; 7) 3mMEJOOL go3wom, fywol adobdmmgds,
3L39IOOL BoMMB53905, 35®YMs; 8) 93BFgMs, dgbmmb §3mLoLEJIGOOL sB0bgds s FobsYMMGDS;
BOMEMYPONOO  FgoMmgdol ©oFgMo; 9) FobgMoem®o  FgoMmgdol edmdmdsggds; 10) 3woggdo,
306mdgdOL Fg33es, 83309M0 Mgyombgdol 8gddbs; 11) sbiggbgds o GHMMOBIo, Lsbsdomm fFywol
0030000 ©Esd0bdMMmGos,  LobodoMm  Bmbol  bogogo;  12)  Bg@bmdoeol  s@GHmIMGOo
99dEHOMLRMOIOOL 3930000 BHIMOEMM0s FoMTmoagbl ds30 B30l JOHMbo Mo ©sd0bdwMgdol
65000MmbM3moms bobdgrgom FysOmb, 8obsdyg 3MG03osGHobs s Bobsmy ©by3MOL yogwom.
Lob@3zom 6930 o 3eolBToly ML AboboEgds, OHMAMGE JOM-gMmo Yzgwsby 960036gwwmazsbo
Qo00bdNMgds. 2oblo3MmMHJo0m dmem [egdol 3obdsgwrmdsdo, o3 BLZIHY MoMymzom 4o3wgbsls
obgbs  3MbEHHMEM  93BoMds o Lobgsm  gosHo3zgdo, FobgMocrm®mo  Lsfomdmgdo,
A&mJbogmeo  bsmBgbgdo, Togz0 BE3ol LsbsdoMmMby BEYdsMy Jogrsdgdool bdos bs@Bgbgdo o
9000b5Mgad0L 493e0m ©3sd0BANMIgo bogmoghgdgdo (Visne and Bat 2015). 8sgo Bmgol smbdo
AbmzMgdo  yzges  5©sd0sbo, GmIgems LsgHmm  dmbobegmds  ©ssbwmgdom 162 dowwombo
55905605,  2o3wabsl  sbgbl  dog  bmgsbHy  ymzggwreom®mo  boddosbmdol  9ggas o
0609369 m3650 Mfiymdl byl Hgaombdo bIgmgmbg sMLYdMEo Bsgzol 3Hmdrgdsl (BSC, 2007).
399900L IMdMsMds T53 B350, 9MIEGASEWOHO O 3MBEBHOMEWM MY3FBIMOS, MZ3BMBOL 05MeLIdO,
OH0Iwgdog 9mfyzgBHomos, b6 LsgMom© 0350y BE3gsdo, sbgzg 0f393L Lobrgzsm Bsdmgdol
36mdqdsl (Visne and Bat 2015). 500580560l bogdosbmds, 89a6g0mmo mvy 8g8mbggzom, IMegs¢mo
Dez0oL 653306 fyomms.  0bxgm®mdszos  F9OG0wMm3s60  ©sd0bANGHIdOL  Tglobgd, dobstggdol
999m@0bgdoLs s 39650BoEool Lo ®gbsgggdol BsmzEr0m, dE0bstmggdls s Lsbsdomm dsmgdmdo,
8900905 Lobatpgdem oymb 356M339w9¢ 930LobGHY3gd%g 3og3gbol asbsgads (Lusher, 2015). dsgo
B30 Labsdommby 9 gdseg Joesggddo bogrbols addosbmdol dgwgye© Fo®dmgdboer dyse botbgbadl
99mdqos, 9996000 LsbEgsm asmgdmlb. LsbsdoMm bmbgddo mggzBsmds ©s Fogo Bzol Lobsmlbm
000mbgs sg3g FoOHdmoagbl 9530 BL30L ©sTd0BIMMIdgE [oMmadl. gsdm33wg3900L Mobsbds,
093B5MdsL09b 539380600 65MPBIBIdO bs3Tom© bBoMO® A3b3IDs, FIBLEIMMMIdOM Lscg3Bom
3030l 3gMomedo (Terzi and Seyhan 2017; teztekin et al., 2020). ©obgdol s Jocgdol Bgdmddgwgdol
239335¢0LFobgd00m B5330L 96550 gdsBY, 0m3¢gds, ™A 8530 B30L MHgyombdo sGLYGdWEO LobEgds
393gbsl Bmoabgbls 303MM3ELE03ME doEsblby. Fog0 BL30L Bgws B3960L fywgdo gobolisbrgmgds
LogHomm (303wmbMMo s dWogHo EOHMOm ETMINEIIMO (303mbgdom, MMIWgdoE sMHTo
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360399ds (08uz et al., 1995). B30 B3Ol 3093500 OGRS FHI>HIMBL  3BEHOBIEEW®
3BIOEMODY, MO0 BolIBHdMYMHO  (303WMbMMHO  EOBMEWMPdS DBOZ0L  ETMLHZWIM S LG
Bofoeqddo; dsmndo, bg3oLEHM3MWO, 35335L099M0, B356M0s, LobM3o s 5.8. LsbsdoMHm Mgaombgddo
3MLgdMOL 65bH3ME LbBHOEOMbBIGHEO SBEOEOILMbMNHO IdOBANMIds (0356M30 s dywmIM30EHM30
2013). 9b ©0bgRGBO dseby 9839dBIM0s Bogzol asbsfowmgdsdo (Oztekin and Bat 2017). meo gggybols
05200 DHY  Bo@IMYPOMWO 33093900l Mbobds,  Tgbmdgwo 3946930l Bo®Pgbgdo  agbggds
3eoggdLs s Brzol gL3gMgdbg (Topcu et al., 2013; Anton et al., 2013; teztekin et al., 2020). dsg0
D30L bobs3oMmMBY goberoggdmwro 43946930l dog® bgwro dmgfgMs IMe35¢ mJdl s Ggosbbdgdsls ogo
D030L ©B0BIMMHFOOLYD ILHEIZ9 (LoBMZom Bogzol 3MMdEgIoL gdEoMgdsLS s FoMmZolmsb
©0535300Mgd0m). gbgbos - 3mbggbios 8530 BOZoL BOBIMMHIOOLYD LOEIZO® - dvyJetglGol
30b6396300; LogHmModmGmobm  3mb39630s 298900006 Br3900L  dOBINGHJOOL 5133900l  Tgliobgd-
MARPOL 73/78 - 35%9@obl 306396305 G®obllolsbmgtm G®mobldm®Eomgdols @s bsdodo bsmBgbgdol
2306500 MMgdolL  dglobgd; 830 BE30L o330 FoMgdm  dofiol  Lofobssmdgam  ©sd0bdMMgdols
§0bss0dgy (LBS) - mddo bogebagdm Lo@wysiogddo Bsgommdobs @s bgs Ladodo doboergdol fobssmdwgy
330l bEIOHMY0 MobsFTGMIMBOL Jglsbgd (Visne and Bat, 2015).

O §ergdol g96353wmdsdo, 9530 B30l bobsdoOHmby dgboghmerds 33¢9390ds 033wl
dmo3mgs (Bat et al., 2017; sa®gomgg obowgm bydsmo 10), dmbos  BoGo®gdmmo 3303900l
35G93mM0Bs305 33193000 bBIMHMIdOL dobyE30m; LEBs3oM® Boggzol Gglsbgd (Topgu et al., 2013;
Terzi and Seyhan 2017; teztekin et al., 2020); 93«®ag0 bogogo (Birkun and Krivokhizhin, 2006; Suaria
et al., 2015); B30l gLggHoL Bsgsgo (Topeu and Oztiirk 2010; loakeimidis et al., 2014; Moncheva et
al., 2015; teztekin & Bat 2017a); s do36mboggbo (Aytan et al., 2016; Oztekin & Bat 2017b, Mukhanov

et al., 2019). 3393900 Ygga9d0 5B39690L, GMI BMYSWI®, yzgws Jgufegwowo Ggyombo
©5006d)MHIPPMW0s OO MMmEYEMdom Br3zol bsgzom (Bat et al., 2017). 3esbBHogm®o dobogs

93905BY 393OEILIONLO Labgmdss g39ws gbffsgerowr Gyaombdo.
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Seafloor litter-Anton et al., 2013
5 w in K

icker 2019
2020
lon of floating Iiter

,/- \Jg fioor litter- Oztekin and Bat 2017
el - Iovestigtion of seafloor it by trawl in Tuekish
Microlitter- Mukhanov et al., 2019 | e
g iovestigaton of microlitier poliution in
seawater Ruswian Sevastopol coast

'Seafloor litter- Terzi and Seyhan 2013
Investigation of seafloor liter by trawl in furkish

Floating litter-

Berov and Klayn 2020

Investigation of flaating fitter by ship
in Rulgarian .

\ /
‘
\ / |
\ / \
er-Terzi and Seyhan 2017 /
vestgaton of beach s poluton i Turksh|
gead\ litter- Terzi et al., 2020
/ it

‘ e
i

ach litter- Eriiz and Ozseker 2017
o beach Itter polkation in Tarkish

Investigation

# &= & &

©003Ms3s5 15. 853 B350 LobZsm Bsg3z0Ly s 03MHMIESLEZOL Tglifages

50590560 Logddosbmdol 9ggys©, 8903335ws B30l 35d0FGIO0, OMyMM3 Fywol sdswo
60dbols J39d, obg - MBOM Fos. 59335035 33woEgdgdds dgodergds M50 bodg 9©3EHOMIOSWO
Lobgmdob 59353900l  FglsdEgdeEmds  Aoohobml, Topa®sd sbgzg BJoMos Lobgmdgdol d+9bgdcmogo
0653500 03qMm36900L  89d30Mgds.  dmem  [emgdol  o6dsgemdsdo, BE3zoL  sdsdobdmMgdegdl
930L6M7d50)  3oLvboldgdEMds Lsbsdomm fywgddo Logmabwol d608369wm3sb Bgdmddggdsby,
MoLoE  Sbobogs  obs  293MEgEgds.  mg3bomdol  BHgdbogol  @sbggfed, dsm  FmEOL  LmbsMol
9fgmdo™mdgdol go9myqbgdsd 0g3Hol Labsbgdol Bl alsygbsw, 3MIgMHE0MEo Lobgmdgdol
390 FoMdJOMo  IM3m3905  3o8mofj30s. 530560l Bogby  gogwgbs  Labmzsm  Logmabargbg
3900f39mwos  bsbs3oMm  Boggdmdgdol  d9gbgdmdom, bBE3zol  BLIIOOL  FssMbGOm, ibm
Lobgmdgdol dgdmmgdom ©s BL30L 30HBoGMMPOL bgfmmom. bBagloym®gddo, Gmameg Habo,
0bM©gos  ©d0BAMNMGPROL Mbol bMEs, 53 TgBMIgL  Lobgmdoms  b3gd@™L, Topa®sd od
09609039005, MMIEgdLsg Fgmdeos gomdemb sdsd0obdMMmgdEgdl, d9odwgds dmods@mb 3owys.
Lbosdodo  65MBBGOOL  3OMBEgIoL  Lo3zgoglier  AsBMbagswro  dEyMIsMgmdlL  Jsmo  oMdmgdol
99930690500. 93013530060l TbMEMm© MG 9300 J399sbs, dERsMgmo s Mvydobgmo mgzbomdgb
953 bezsdo. gl oMol MmMoE-mGmo {930 Lobgwdfoxnm, OMIgEms3 WimswmE 5Jgm §3mds 50
2By, MM Jgomo, 0bgzg MMymOE 930 ™3s3doMmol 0bMLE®mowwo 43946900, 3EOW™BL dgodwydsml
4m3olidmdzggeo §algdo s MYaEs30900 Jodormo bsmBgbgdol asdmygbgdolicsb, dgbsbgals o
29650 7MgdLmE  ©353006MHJd0m.  FoMIBMLEIE30MO  MYAEoMgdOL  Tgdmdsggdol  dMmagLdo,
936 35300600L 5JGHT> gIMsgds 2o59sb30ws ©d0BIMMYOOL 3MBEHMMEOLS s F9sFY39GOWdOL
00005005 MHBg390DY, LEBLZsM LEHMIEYHO0L BsMBM-EOMYJEHOZ0L LoFoMmgdol s IF30EJOMEgdgOOL
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dglobgd. gl goblogMm®gdom gbgds Lododo bB0ogmgMgdgdol OMYJGHOZL, Modsg  dodmofz0s
505006399690 gdol 930MM3Meo bEBIMEHId0, o0 TmMol, 8dody dgdowgddo. MIMJgmds sB939
2095939965 ©595806dMq0@gd0L bEoba®GHgdo. 5dslmsb, Bsbl, MM 3608369wm3zs60 dOEIMGMYdS
56 5MHoL RO0JLOMGOMWO MMHJJoL T30 BEZoL LobsdoMmgdby. Gog30 BLZoL LobsdoMm J399bgdols
dglobgd  FglooMmPPdgwo  dmbo3gdgdol  5975d0bgo  Bogangdmds  Ggvdergders  doohbgll
Q©500b6dMMgdoL  8mMdsg35¢o  BHbgbEogdol  Fgxsligdols Mg g3mboLGgdgdol s 5sdosbol
X9BIOMIMBOL  509335HO  BMY3L.  Lbbgoolbgs  godm3zergggdol s  dgmmEmeEmyool
209mygqbgd0m dorgdmmo dmbsgdgdo gMHmdsbgmmsb 8gsMgdmeo o6 sMmOL. osliggbal, MmI gl
LEodmbo 8608369wmgs605 s 8mombmgly LobiMegm BmIgdL. sdo@md, Bmgzobdots J399bgdds Gsgz0
D30l alidE3950 JONTbYNMD MBS 0056588MMIMb. Mbs Wsglicogl LgMombmwo Labdgogdo
o 9905353909000 Labix 990 Jo30 B30l sdsd06dMYdMgdOL Foboswdgy. domgdwywo mbws 0dbsls
dm©dogo BmIgdo ©odobdyMmgdol (Hobsswdwgy o Mbs dmbal LEGIRO FosfY39E0wdIdOL
dooqdo.

3905(g30G0wgdgd0 ©s Hg3mghsgogdo

9530 DBO30L  93MPoNMO  3OMBEWGIGOOL  gosFMs  dmombmgl dsgo  BzoL  LsbsdoMmgdol
000MgwI0o 9394bol dogH gOHm0sbo 935300 Fgbgdol dowgdal. Mgywsdgb@o 21939 Mbws ImoEs3IL
08 dJ399693L, GMIIGDoE Bobodggdol LodwsEgdom sbgbgb gogrgbsls sbgbgb Togo Bwzol
230M90mbg. 8530 B30l JYMIEO 256300000985 ToMbMzL LogMHMTMEGOLM  056FFOHMIMBOL
3936G39gdsL. 93MEM0MOO 3OHMIWIIYP0 Inombm3l mommgmwo J3994bol dogh gemosbo d3s3¢r0
§9Lgool domgdsl. gl 6odbogl, MHMI MgyMEs30gdo by dmoEsggl 08 Jd3946gdL, GmAEgdo3
393wgboll sbgbgb dog0 BL30L A9M9dmbg dobsMggdol, doMomsEs© ©MBIOL, ©by3MOLS @
©bgLEBH®OL s Lbgs Lobdgegmem @od0bdwMmgdol FysO®mgdol 253w0m. LoygmesgbmgMadm 96/@s
LodM9P39w™ 65330569090 d0 Lbgoalibgs Labols Esdsd0bAMHJdEdL 6Lb3s39dwY0 253w gbs sJgm
500590560l X 9BIGMYMBLS s 93mboLEgdgdby obBHZ0MHMZ0L SOl s J0dEIOIMY AsMgdmPo.
230699003390 A5M9dm 8903¢gds 0yml doer0sb oo s G90dEgds LW IdIMEL LogMMsdmmOlim
LobE3OPL.  MobIGPo  3OM3MOEFOMWIE  0bMEIds BB  Fymgdol  MomEabmdals s
5350063990900l 306396EO3E0LMB gPms©. 0MJg0 9oL 29B305MYdSO J39949bs, Lowog
06@MLGHMOMWo @  MMdBMo  gobzomaMgds  JoM0msEI©  23b3gds  LobsdoMm  Bmbgddo,
Bo®bgbgdol dmbdamgdol gobMol Gggao®, o3 LogMombgl ¢Jddbols Gsgo brzol cmGIgmol
Lo6530MHMYOL. bgendn3emergdgdol 3sdmygbgds dmombmal, MMd mommgmwds J3994ebsd, MMIgumbsg
5d3b Lbba3omm o3 BgsBy, 99936l 3m9dmbsgz0m0 dmmodogs (Bat and Ozkan, 2019).

0m0o3w0ob 339308 GO gdgdl  FoMTmegbl  396mbIEadEMmdols @S  LEHobEoM@EHgdol
3063mbobos, Bsdobstg Fyagdol godmymaol 0b396@sM0BsEool dmdBswgds ©s JoMOMO©O
©5006d7Mgd0L gobmgdol Mm3900L dgpagbs s fywol dmbo@Gm@mobyol 3GmaMmsdgdol dgddbs. qu
3003069631900 s0figmowos 9530 B30l goMgdmLEsE30m0 3OMaMmsdol bogdosbmdsdo, Joa®msd dsmo
95¢000D5300L 15356MmbIgdem BsMBM X9M 303 56 s®LNdMBL MGgaombols yggars J3gysbsdo (Bat et
al., 2009). ©sbsthmo 1-do dmEgdaeos 8530 Bogol goMgdmbomsb ©s3zs38oMgdnmo 3Mmgd@gdo. o0
369d3Hgdds 0o §3e0wo dg0Ebgl Fog0 Bezol 3Mmgd@gddo s sbga 3MIgEEgds. sbsdmo 1.
9530 B30l 20MmgdMbmsb 39300900 3Mmgddgdo 2000 ferol F9dgy (8goggsws 93GMm30l
29Mg0mb 8aMAscgmdoEsb s 2015 ool 3gMb3gdH030096).
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