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METHODOLOGY SEA TYPE ECOSYSTEM 
 
I DETAILED DESCRIPTION OF THE SELECTED PILOT SITE. TRENDS, 
CHALLENGES AND GAPS. DPSIR ANALYSIS 
Burgas Bay is the largest bay on the Bulgarian Black Sea coast and one of the largest in the Black 
Sea. The bay is between the coastline and the straight line connecting Cape Emine with Maslen 
Cape. Its exact length is 44 702 m and 25 m maximum depth, almost to the place where the Burgas 
airport is located in the district of Burgas. Sarafovo. 

Besides Burgas, the towns of Nessebar, Aheloy, 
Pomorie, Chernomorets and Sozopol are located 
on the bay of the same name. Burgas Bay is the 
westernmost point of the Black Sea. 
The bay becomes narrow to the west. While the 
northern coast is lower and has two large 
peninsulas in Nessebar and Pomorie, the 
southern part of the bay is rougher with small 
bays and headlands. The salinity of the water is 
about 17‰. The sand is of magnetite origin. In 
the wetlands west of the bay are the Burgas 
Lakes. 
Anthropogenic activities in the coastal zone as 
well as the catchment area that have the potential 

to harm or modify the marine environment represent the greatest potential threats. It is therefore 
desirable to document activities such as port development, waste disposal and navigation dredging, 
industrial and municipal waste disposal, coastal construction (e.g. reclamation, canals), tourism 
and recreational activities, shipping, forestry, fishing, aquaculture, agriculture (especially 
agrochemical use), mineral exploration and exploitation, and energy production. 
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The study area (singed as 2 in the Figure) to be monitored is located in the Aegean Sea (Saros Bay) 
and was chosen as a marine water ecosystem in Turkiye. Currents drawing complex swirls are 
seen in Saros Bay, which is one of the saltiest parts of the Aegean Sea. Due to these currents, Saros 
is a self-cleaning gulf. It is claimed to be one of the five gulfs in the world that have remained 
clean by cleaning themselves. The salinity of the water is about 35‰. The northern shore of the 
region was chosen as the study area due to the high oxygen content of the waters and the abundant 
nutrient salts and pollutants brought by the rivers pouring into the bay, summer resorts and tourist 
establishments on both shores of the Saros Bay, fishing importance of the area rich in species and 
connections with a lagoon and Maritsa River which is connected to highly polluted Ergene River. 
Anthropogenic activities in the coastal area, as well as catchment areas that have the potential to 
harm or modify the marine environment, pose the greatest potential threats. It is therefore desirable 
to document activities such as port development, waste disposal and navigation dredging, 
landfilling of industrial and municipal waste, coastal construction (e.g. reclamation, canals), 
tourism and leisure activities, shipping, forestry, fishing, aquaculture, agriculture (especially 
agrochemical use).  
 
Trends, challenges and gaps. DPSIR analysis.  
The DPSIR analysis (Drivers, Pressures, State, Impacts, Responses) is a framework through which 
the interrelationship between anthropogenic and ecological factors for the Black Sea ecosystem is 
considered and analysed.  
The DPSIR model is used to assess aquatic ecosystem problems. Since saltwater management 
considers continuously changing complex aquatic ecosystems and their relationship to surrounding 
populations, it is useful to be able to examine the status and impacts on these ecosystems not only 
in the present, but also over time. 
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Burgas Bay, SWOT analysis 

Strenghts Weaknesses 
The largest bay of industrial and tourist 
importance in southeastern Bulgaria; 
Part of the Burgas lake complex (wetlands); 
Within the town of Burgas. Burgas; 
Available port infrastructure; 
Initial tourist infrastructure. 

Connectivity of the three lakes through canals to the 
sea in the bay water area; 
Proximity to the town. Burgas and uncontrolled 
access of people; 
Water pollution from port infrastructure; 
Water pollution from agriculture and 
eutrophication; 
Noise pollution from the nearby road; 
Industrial fishing and illegal hunting; 
Afforestation with alien species; 
Negative changes due to intensive construction; 
Altered technogenic topography. 

Opportunities Threats 
Protection of biodiversity - a priority in EU 
policies and therefore availability of financial 
opportunities through EU programmes;  
Development of tourism and construction of 
tourism infrastructure; 
International transport hub; 
Development and improvement of walking and 
cycling routes. 

Numerous industrial enterprises; 
Expansion of the industrial zone; 
Unregulated waste disposal. 

Burgas Bay is influenced by all human activities that may result in water quality alteration, as well 
as accelerating urban development. Petroleum products, phenols and other chemicals from the oil 
port located in the bay have been detected in the bay waters. The intensive use of pesticides and 
fertilisers in the agricultural land around the lakes, which are connected by canals to Burgas Bay, 
leads to pollution and accelerated eutrophication of the reservoir. Changes in water quality lead to 
changes in the type and quantity of fish stocks and therefore in the food base for many waterfowl. 
Heavy traffic leads to litter and excessive noise pollution.  
 
Saros Bay, SWOT Analysis 
 
Strengths Weaknesses 

• It is only one area for tourism 
importance in the summer activities 
related to the sea; 

• Part of the Enez Lagoon Complex 
(wetlands); 

• Available port infrastructure; 
• Initial tourist infrastructure. 
• Fisheries are very important activity 

for the area 

• Connection of the Enez Lagoon lakes 
and the Meriç River; 

• The location is great. Uncontrollable 
access of people; 

• Water pollution from ports and 
settlements; 

• Water pollution from agriculture; 
• Industrial fishing; 
• Illegal hunting; 
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• Altered technogenic relief. 
Opportunities Threats 

• Biodiversity conservation  
• Development of tourism and 

construction of tourist infrastructure; 
• Development and improvement of 

hiking and cycling routes. 

• Unregulated waste disposal. 
• Agricultural activities 
• Wastes from Meriç River 

Saros Bay is influenced by all human activities that can lead to a change in water quality, as well 
as an acceleration of the development of the area. Oil products, phenols, and other chemicals from 
the Gulf oil port have been found in the waters of the bay. The intensive use of pesticides and man-
made fertilizers in the agricultural lands around the lakes and Meriç River, which are connected 
through canals with the Saros Bay, leads to pollution of the reservoir. The change in water quality 
leads to a change in the type and quantity of fish stocks and, accordingly, in the food base for many 
of the waterfoods. Intensive traffic leads to waste pollution and excessive noise. 
 
Driving forces   

- Availability of abundant natural - climatic and water resources for the development of the 
aquaculture sector. 

- Rich biodiversity. 
- Availability of modern aquaculture farms. 
- Increase in the share of aquaculture production in Bulgaria to the total aquaculture production in 

the EU. 
- Production of products with high nutritional, taste and health qualities. 

Pressure 

- Systemic and/or impactive water pollution. 
- Global climate change leading to drought, which may result in shortages of water quantity and 

quality for aquaculture. 
- Spread of invasive species.  
- Large quantities of by-products from shellfish processing. 
- Lack of a targeted policy for the development and management of shellfish processing waste 

products. 
Status 

- Lack of sufficient innovation in the sector. 
- Lack of unified action among industry organisations to promote Bulgarian companies on 

international markets and identify niche markets. 
- Unrealised potential related to the recovery of secondary/waste products from shellfish 

processing. 
- Lack of research at national level on the utilisation of shellfish into useful and economically 

viable products. 
- Untapped resource for development and creation of additional jobs in the Black Sea region. 
- Negative impact of the corona virus crisis on the market. 

Impact 

- Contamination of water bodies with chemical compounds. 
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- Limiting the impact and regulating the numbers of invader species and other organisms of 
importance for environmental protection, agriculture, fish farming and other areas of human 
activity; 

- Presence of a large amount of landfilled waste shells resulting from processing in the aquaculture 
sector.  

Answer 

- Creation and development of new potential niche markets related to the aquaculture sector. 
- Introduction of new technologies in the aquaculture sub-sector. 
- Creation of new products with higher added value, available on the international and domestic 

market, by using waste materials from shellfish processing,  
- Changing the conditions for the disposal of crayfish shells and their use as a secondary resource. 

 
 
 
II MONITORING NETWORKS AND DATA AVAILABILITY 
In the Black Sea ecosystem (Burgas Bay), the object of study of this project, monitoring of the 
environmental components - climate, air, water and soil was carried out. 
CLIMATE 
Regarding meteorological parameters, data for a five-year period were processed. The provided 
data are the property of NIMH and the meteorological station at Burgas Airport and Turkish State 
Meteorological Service (MGM). 
AIR 
One DOAS (Differential Optical Absorption Spectroscopy) system, five automatic measuring 
stations and one mobile station are operating in the study region. All of them are in continuous 
operation (24 hours) and the data from them, through a real-time data transmission system, are fed 
into dispatching points to the National HAB Database. The fine particulate matter concentration 
data at three of the monitoring sites (AIS Meden Rudnik (Eol code BG0056A), AIS Dolnoe 
Ezerovo (Eol code BG0044A) and DOAS - RIEW (Eol code BG0063A) were processed over a 
five-year period. In Turkiye, the Ministry of Environment, Urbanization and Climate Changes 
performs an assessment of ambient air quality (AAQ) on the territory of the country divided into 
81 districts, which are approved by Air Quality Assessment And Management Regulation 
(Dated  06.06.2008 Official Newspaper No: 26898 ). In this order for assessment and management 
of ambient air quality and areas where the tolerances have been exceeded, Edirne has three stations 
in the area for evaluation management and is designated as an area/territorial unit with exceeding 
the norms for indicators: SO2, PM10 and PM2.5 and O3. 
WATER 
Research on the quality elements of coastal marine waters within the meaning of Directive 
2000/60/EC of the European Parliament and of the Council (Water Framework Directive - WFD) 
is carried out in 12 coastal water bodies on a network of 23 stations subject to control and 
operational monitoring.  
The assessment of Black Sea waters is in accordance with Regulation No 8-DB10/2001 on the 
quality of coastal marine waters. The indicators and standards for determining the quality of coastal 
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marine waters are regulated depending on whether it is an Existing and Prospective Use Area or a 
Sanitary Protection Belt. 
The modified Black Sea water quality monitoring network covers 29 sites in both the one-mile 
zone and the twelve-mile zone, where depth sampling is also carried out. 
The monitored indicators are divided into six main groups - their frequency of monitoring is from 
1 to 12 times a year for waters and 1 time a year for sediment and biota. 
Main physicochemical indicators – Floating impurities, Color, Taste and smell, Transparency 
Secchi disc, pH, Ammonium nitrogen, Nitrite nitrogen, Nitrate nitrogen, Phosphorus, 
General indicators for organic pollutants - Dissolved oxygen, BOD5, Extractable substances. 
Indicators for organic substances of industrial origin - Surfactants, Phenols, oil and oil products, 
pesticides (total) 
Biological indicators - Chlorophyll A, Coliforms (total), Fecal coliforms, causative agents of 
intestinal infectious diseases. 
Radiological indicators - Radioactivity 
Metals – Chromium, nickel, zinc, mercury, arsenic, lead, copper 
The following water bodies and monitoring stations in the coastal sea waters are located in the 
investigated territories under the present project: 

BG2BS000C1308 - South Burgas Bay <30m 
BG2BS00000MS010 Sarafovo 
BG2BS00000MS011 Rosenets 
BG2BS000C1010 - Burgas Bay > 30m 
BG2BS00000MS012 Burgas 2 (Burgas Bay) 

In Turkiye, surface water monitoring is part of the Ministry of Environment, Urbanization and 
Climate Changes and covers control and operational monitoring programs. The networks for 
control and operational monitoring of surface water and the measured indicators in them are 
regulated by date:  30.11.2012 Official Newspaper No: 28483 Ministry of Environment, 
Urbanization and Climate Changes. The checkpoints on the territory of the country are distributed 
in the eight basin management districts.  
SOILS 
The frequency of observations is different depending on the processes. The tests of the soil samples 
are carried out in 15 regional laboratories of the EAES, which are accredited. 
The document “Control of Soil Pollution and Regulation on Point Source Polluted Areas” has been 
in force since 2010 (Official Newspaper publication date: 08.06.2010 No: 27605) where soil 
monitoring is part of the Ministry of Environment, Urbanization and Climate Changes in Yurkiye 
and covers control and operational monitoring programs. The monitoring program is fully in line 
with the latest requirements of the European Commission and the European Environment Agency, 
good practices in a number of European countries, as well as with national legislation adopted by 
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the ministry. Content of pollutants to be monitored are heavy metals and metalloids, total nitrogen, 
phosphorus, organic carbon, active soil reaction (pH), electrical conductivity, nitrate nitrogen, total 
carbon and persistent organic pollutants – polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls (PCB) and various class of organic pollutants. 
 
 
 
NOISE 
Data from the Environmental Protection Agency, measured in 37 points and the report 
"Development of an updated strategic map for noise in the environment of the Burgas 
agglomeration", developed by "SPEKTRI OOD" in 2017, were used. 
In Turkey, measurements are made according to the provisions of the Regulation on Evaluation 
and Management of Environmental Noise (Official Newspaper dated 04.06.2010 and numbered 
27601). In 2021, noise maps were created in 46 provinces across Turkey, including Edirne. 
Departments of the Ministry of Environment, Urbanization and Climate Change create and update 
a database of acoustic load measurements, which includes: 
The noise level along the industrial source boundary in dB(A).  
The noise level at the impact site. 
The nearest residential or public building in dB(A). 
The values are reported for the different periods of the day in which the enterprise operates (daily 
period – from 7 am to 7 pm, evening period – from 19 to 23 hours, night period - from 23 to 7 
hours; TS ISO 1996-2). Industrial noise levels should not exceed legal limit values for different 
development zones in urbanized areas and beyond.  The principles specified in the Machinery 
Safety Regulation (2006/42/AT) published in the Official Newspaper dated 3/3/2009 and 
numbered 27158 are provided for the tools, equipment and machines used in industrial facilities. 
RADIOLOGICAL MONITORING 
There are no points located on the territory of the studied ecosystem that are part of the automated 
system for online observations. Measurements are carried out by the “Radiation Control” 
department at RZI - Burgas. Radiation gamma background is measured in atmospheric deposits 
(Total β activity, 137Cs, 134Cs and 7Be) and seawater (Total β activity, 137Cs and 134Cs). In 
Turkiye, the Nuclear Regulatory Authority is responsible for radiological monitoring and 
measuring the radiation background in sediment (α activity, β activity, 137Cs, 238U and 232Th). 
 

III PROGRAM FOR THE STUDY OF A PILOT SITE - AN AQUATIC 
ECOSYSTEM OF THE SEA TYPE 
Network of sampling sites 
The network of monitoring sites, establiched for Burgas Bay ecosystem consists of five points 
shown in the diagrams below (Scheme 1). A pilot monitoring of the ecosystem was carried out - 
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Burgas coast, including 3 points within the port of Burgas, one on the bridge platform and one on 
the Burgas salt pans. 

When choosing points for sampling with regard to PM2.5 
and PM10 and Black Carbon, we stopped at territories that 
are not subject to the direct impact of point, linear or area 
sources of pollution: 
Marine ecosystem – on the territory of the Port of Burgas, 
there is an air monitoring station for fine dust particles 
within the framework of the ECOPORTIL project, the data 
of which are available, for the remaining indicators the 
points are suitable for in situ analysis and for sampling and 
preservation for subsequent analysis  

 
Scheme 1. Selected points for monitoring the Burgas coast 

(points 1-3 – Port of Burgas, point 4 – bridge platform, point 5 
– Burgas Salt pans). 

Biodiversity studies have been started throughout the country with the "National Biodiversity 
Inventory and Monitoring Project" by the Ministry of Agriculture and Forestry General Directorate 
of Nature Conservation and National Parks in Turkiye. With this project, all necessary land and 
literature studies were completed within the scope of "Terrestrial, and Inland Water Ecosystems 
Biodiversity Inventory and Monitoring Work of Edirne Province" and all flora and fauna richness 
of Edirne Province was revealed. 
Saros Bay Special Environmental Protection Area: Saros Bay, home to 144 kinds of fish, 78 
kinds of sea plants and 34 kinds of sponges, is a very important region for those interested in 
underwater activities, full of underwater riches. Saros Bay and its coasts have been determined 
and declared as a Special Environmental Protection Area with the Council of Ministers Decision 
dated 22.12.2010 and numbered 27793 in order to preserve their geomorphological, landscape, 
ecological, floristic, biogenetic, and touristic features. In the Gulf of Saros, one of the saltiest parts 
of the Aegean Sea, complex eddy currents are seen. Due to these currents, it is a self-cleaning gulf. 
It is claimed to be one of the five gulfs in the world that remain clean by self-cleaning. 
Time frame and program by sites 
Standards for fine particulate matter are set to 24 hours and a calendar year. In this sense, the 
shortest sampling is within 24 hours. But recent scientific research shows that, especially for 
PM2.5, the measured concentrations are roughly the same as values within three days. This is also 
our reason for organizing sampling once every three days. This will lead to a reduction in the 
carbon footprint along two lines – fewer filters used and lower electricity consumption. 
The measurement and sampling for water and soil indicators is in accordance with Regulation No. 
8-DV10/2001 on the quality of coastal marine waters, Regulation on the protection of the 
environment in marine waters and on the establishment of a Consultative and Coordination 
Council on environmental protection in marine waters waters of the Black Sea and management 
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of the implementation of the Marine Strategy and Program of Measures and the Monitoring 
Program under Descriptor 8: "Pollutants in the Marine Environment" has been carried out monthly. 
Additional monitoring requirements 
The monitoring is carried out with the equipment that the experts have at their disposal. Some 
indicators have been determined, such as pH, temperature, salinity, dissolved substances and 
electrical conductivity of the water. Samples are taken on site and preserved to determine the 
content of heavy metal ions and micropolymers at a later stage. 
At the designated points of the surveyed ecosystems, the level of noise coming from anthropogenic 
sources was determined, as well as the temperature and humidity of the air were measured. 
A walk (about 500 m2) was carried out around the sampling points, and the macropolymeric waste 
found was photographed and described. 
Access to all selected and visited monitoring points is free, without entering protected areas. 
Access to the monitoring points on the territory of Port Burgas requires an access permit. Measures 
were taken to inform the Basin Directorate - Black Sea Region about the monitoring at the relevant 
monitoring points and for permission from the Port of Burgas. 
In in-situ monitoring of waters and water bodies, carrying and storing information on paper is 
difficult and implies loss of information. The team of experts created electronic protocols that 
replace the paper media and facilitate the processing, analysis and interpretation of the obtained 
results. 
The PM sampling point is located on site in accordance with Directive 2008/50/EC of the European 
Parliament and of the Council of 21st  May 2008 on ambient air quality and cleaner air for Europe. 
Processing, analysis and interpretation of data - summary 
The results of the monitoring carried out and data analysis are indicated in Appendix 4. 

 
 
ANNEXES: 

1. Methods 
2. Results of monitoring the monitoring 
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METHODOLOGY RIVER TYPE ECOSYSTEM 
 
I DETAILED DESCRIPTION OF THE SELECTED PILOT SITE. TRENDS, 
CHALLENGES AND GAPS. DPSIR ANALYSIS 

Karaagach is a river in south-eastern Bulgaria, flowing 
into Karaagach Bay on the Black Sea. Its length is 30.5 
km. The valley of the Karaagach river is one of the sunken 
valleys characteristic of the Southern Black Sea coast. 
The other name of the Karaagach river is Kitenska river, 
which originates under the name of Stara Vizica from the 
Bosna hill in Strandja, from 331 m above sea level, about 
400 m northeast of Demira peak (424 m). Almost along 
its entire length (except for its lowest course) it flows in a 
deep and wooded valley. At the beginning it flows to the 

east, in its middle course, where it is called Orlyashka reka, to the northeast, and in its lowest 
course, after the mouth of its left tributary Uzunchairska reka, to the east again, already under the 
name Kitenska reka. It flows into the southeastern part of Karaagach Bay, on the Black Sea, about 
800 m south of the town of Kiten. At its mouth, it forms a deep estuary, which in some places 
reaches 11-14 m deep. 
The area of the catchment basin of Kitenska Reka is 182 km2, and the borders of its catchment 
basin are: to the north and west - with the catchment basin of Dyavolska Reka; to the southwest 
and south, along the ridge of the Bosna ridge - with the catchment basin of the Veleka River; to 
the east - with the catchment basins of small and short rivers flowing directly into the Black Sea. 

Main tributaries: → left tributary, ← right tributary 
→ Tikleshka River ← Tryonska River 
→ Iliev River → Uzunchair River (largest tributary) 

The river has a distinct winter maximum - January and February and a summer minimum - August, 
often drying up in the middle course. 
There are no settlements along the river. 
Kitenska river is extremely rich in fish and rare plant and animal species. It flows through a karst 
region, which is the reason for the loss of water in its river bed. 
Protected areas: 
Protected area BG 0000143 Karaagach under Directive 92/43/EEC on natural habitats, approved 
by Decision of the Ministry of Interior No. 122/02.03.2007 (SG No. 21/2007) with a total area of 
64.16 ha 
Protected area under Directive 92/43/EEC for the protection of natural habitats and wild flora and 
fauna 
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Main conservation objectives: 
- Preservation of the area of natural habitats and habitats of species and their populations subject 

to conservation within the protected area; 
- Preservation of the natural state of the natural habitats and the habitats of species subject to 

protection within the protected area, including the species composition natural to these 
habitats, characteristic species and environmental conditions; 

- Restoration, if necessary, of the area and natural state of priority natural habitats and habitats 
of species, as well as populations of species subject to conservation within the protected area. 

Anthropogenic activities in the impact zone of the Karaagach River, as well as the catchment basin, 
which have the potential to damage or modify the river environment represent the greatest potential 
threats. The main activities are related to the tourist flow in the summer season, heating in the cold 
seasons in the utility sector, coastal construction, fishing, aquaculture, unregulated dumping, car 
traffic and the processing of agricultural lands in the river area, etc. 
In Turkiye, the river eosystem sampling points were chosen in the Meriç River and its tributary 
Ergene River. The ecosystems are freshwater with relatively strong anthropogenic pressure, 
mainly during the agricultural season. However, it has been accepted the polluted waters from the 
Ergene River are the most polluted river in the region. The Meriç River (Maritza in BG and Evros 
in GR) rises from the Rila hill, on the Rhodope Mountains in Bulgaria. The Meric River, which 
expanded in a short time, passes through important settlements and industrial zones in Bulgaria, 
respectively. It travels about 200 kilometers in Bulgaria and enters Turkish territory on the north 
side of Edirne Province. It merges with Arda and then the Tunca rivers near Edirne Province. It 
flows in the south direction and picks up the Kopkino river from Greece near Dimetoka, after a 
while moving southwest, then back south. It merges with Ergene around Balabancik village. Then 
it flows south-west by making more folds and flows from the Enez district to the Aegean Sea. 
Ergene River, a tributary of the Meriç River, leaves Karatepe in the Istranca Mountains, which 
covers the north of the Saray (district of Tekirdağ province), draws a wide arc and enters the 
territory of Edirne by passing through Pehlivanköy district of Kırklareli Province. It passes through 
Uzunköprü and merges with the Meric River near the village of Balabancik. As the Ergene River 
passes through one of the most populated and industrialized lands in the country it poses a serious 
environmental threat along its flowing path.  
Protected areas: 
Meriç Delta Wetland: Meriç Delta is a wetland system consisting of large reeds, seasonal marshes, 
fresh and salty lakes and agricultural areas on the Greece-Turkey border. Meriç River originates 
from Rila Mountain in Bulgaria; It begins to flow in a wide bed from the north of Ipsala after 
taking in large tributaries such as Tunca, Arda, and Ergene. This wide bed, which starts from the 
Meriç-Ergene junction, is also the starting point of the Lower Meriç Flood Plain, and a significant 
part of it remains within the borders of Greece. The most important of the lakes and lagoons within 
the borders of our country are; Small and Big Gala, Sığırcı and Pamuklu Lakes and Dalyan Lakes 
near Enez. The flood plain is a rare area formed as a result of the storage and horizontal 
displacement of alluvium carried by the Meriç River. Different types of wetlands in the delta; large 
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reeds, seasonal marshes, fresh and salty lakes, flooded meadows, paddy fields and other 
agricultural areas, and tree communities consisting of willow and gallery forests along the river 
are important for waterfowl. 
Edirne Enez-İpsala Gala Lake National Park-Qualified Natural Reserve: The area is 3982.227 
hectares. It was registered with the Commission Decision No. 742 dated 26.12.2018 and the 
Ministry Office No. 147644 on 26.06.2019. Dated 10.09.2020, published in the Official 
Newspaper no. 31240. 
Main conservation objectives in the area: 
Preservation of the area of natural habitats and habitats of species and their populations, subject to 
conservation within the protected area; 
Preservation of the natural state of natural habitats and habitats of species subject to conservation 
within the site, including the natural species composition, characteristic species, and 
environmental conditions; 
Restoration, where appropriate, of the area and natural status of priority natural habitats and 
habitats of species, as well as of populations of species subject to conservation within the site. 
Anthropogenic activities in the Meriç River impact zone, as well as the catchment area, which 
have the potential to harm or modify the river environment, pose the greatest potential threats. The 
main activities are related to agricultural activities, coastal construction, fishing, unregulated 
wastelands, road traffic, etc. 

 
Trends, challenges and gaps. DPSIR analysis 
The DPSIR (Drivers, Pressures, Condition, Impacts, Responses) analysis of the Karaagach River 
ecosystem is a framework through which the interrelationship between anthropogenic and 
ecological factors is considered and analyzed. 
Karaagach river, SWOT analysis 

Strengths Weaknesses 
Proximity to the town of Kiten; 
Legally protected area under Natura 2000 – 
Ropotamo BG0001001 and Karaagach 
BG0000143; 
Ornithologically important place; 
Initial tourism infrastructure. 

Proximity to the town of Kiten and uncontrolled 
access of people; 
Water pollution from agriculture and 
eurotrophication; 
Noise pollution from the nearby road; 
Illegal hunting; 
Lack of security; 
Afforestation with foreign species; 
Negative changes due to intensive construction; 
Changed technogenic relief; 
Presence of unregulated landfills; 
Damaged tourist infrastructure; 
Seizure of the fish resource; 

Opportunities Threats 
Biodiversity protection - priority in EU policies and 
corresponding availability of financial 
opportunities through European programs; 

Intensive tourist flow; 
Intensive road traffic; 
Use of solid fuels for heating during the cold 
months; 
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Agroecological measures for the development of 
adequate agriculture; 
Development of tourism and construction of tourist 
infrastructure - organizing trips with canoes, boats. 
Transport node; 
Development of pedestrian and bicycle routes; 
Designation of a camping area/tents for 
ornithological expeditions, camps. 

Construction and repair activities related to 
tourism; 
Use of plant protection preparations in adjacent 
agricultural lands; 
Unregulated disposal of construction and 
household waste. 

The Karaagach River is affected by anthropogenic activities that may lead to changes in the water 
regime or water quality. The exceeded indicators related to the quality of the water body are 
primarily influenced by the use of plant protection preparations in the arable lands around the river. 
This leads to pollution and accelerated eutrophication of the reservoir. The change in water quality 
leads to a change in the type and quantity of fish stocks and, accordingly, in the food base for many 
waterfowl. The road to the southern state border along the east coast leads to heavy litter pollution 
and excessive noise. 

 
Meriç River, SWOT Analysis  

Strengths Weaknesses 
• Legally protected area  
• Ornithologically important place; 
 

• Water pollution from agriculture and Ergene 
River; 
 

Opportunities Threats 
• Conservation of biodiversity  
 

• Use of plant protection products in the 
adjacent agricultural lands; 
• Unregulated dumping of household waste. 

 
The Meriç River is affected by anthropogenic activities that can lead to changes in the water 
regime or water quality. The exceeded indicators related to the quality of the water body are 
influenced primarily by the use of plant protection products in the arable lands around the river. 
This leads to pollution of the reservoir. The change in water quality leads to a change in the type 
and quantity of fish stocks and, accordingly, in the food base for many waterfowl.  
 
 

II MONITORING NETWORKS AND DATA AVAILABILITY 
The object of monitoring for Karaagach river ecosystem are the following environmental 
components - climate, air, water and soil. 
CLIMATE 
There is no station for measuring meteorological parameters in the Karaagach River area. 
Meteorological parameters can be provided from the Turkish State Meteorological Service (MGM) 
in the Meriç River. 
AIR 
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There is no permanent point for monitoring the quality of atmospheric air in this ecosystem. In 
Turkiye, Ministry of Environment, Urbanization and Climate Changes performs an assessment of 
ambient air quality (AAQ) on the territory of the country divided into 81 districts, which are 
approved by Air Quality Assessment And Management Regulation (Dated  06.06.2008 Official 
Newspaper No: 26898 ). In this order for assessment and management of ambient air quality and 
areas where the tolerances have been exceeded, Edirne has three stations in the area for evaluation-
management and is designated as an area/territorial unit with exceeding the norms for indicators: 
SO2, PM10 and PM2.5 and O3. 

WATER 
In the studied river ecosystem, the point subject to monitoring is the mouth of the Karaagach River 
(BG2IU6915MS002). 
The indicators that are monitored are divided into three main groups - basic physicochemical, 
priority substances and specific pollutants, and their frequency of monitoring is from 4 to 12 times 
a year. 

- Basic physicochemical indicators - temperature, pH, undissolved substances, electrical 
conductivity, biogenic elements (NH4-N, NO3-N, PO4), dissolved oxygen, oxygen saturation, 
permanganate oxidizability, BOD, COD, iron, manganese, sulfates, chlorides and etc. 

- Priority substances – highly toxic, persistent and easily bioaccumulating substances. Their 
number is 45. 

- Specific pollutants – organic substances, heavy metals and metalloids, cyanides, phenols and 
other specific substances. 

In Turkiye, surface water monitoring is part of the Ministry of Environment, Urbanization and 
Climate Changes and covers control and operational monitoring programs. The networks for 
control and operational monitoring of surface water and the measured indicators in them are 
regulated by date:  30.11.2012 Official Newspaper No: 28483 Ministry of Environment, 
Urbanization and Climate Changes. The checkpoints on the territory of the country is distributed 
in the eight basin management districts. 
SOIL 
The frequency of observations is different depending on the processes. The tests of the soil samples 
are carried out in 15 regional laboratories of the EAES, which are accredited. 
The document “Control of Soil Pollution and Regulation on Point Source Polluted Areas” is on ce 
since 2010 (Official Newspaper publication date: 08.06.2010 No: 27605) where soil monitoring is 
part of the Ministry of Environment, Urbanization and Climate Changes in Yurkiye and covers 
control and operational monitoring programs. The monitoring program is fully in line with the 
latest requirements of the European Commission and the European Environment Agency, good 
practices in a number of European countries, as well as with national legislation adopted by the 
ministry. Content of pollutants to be monitored are heavy metals and metalloids, total nitrogen, 
phosphorus, organic carbon, active soil reaction (pH), electrical conductivity, nitrate nitrogen, total 
carbon and persistent organic pollutants – polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls (PCB) and various class of organic pollutants. 
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NOISE 
Data from the Environmental Protection Agency, measured in 37 points and the report 
"Development of an updated strategic map for noise in the environment of the Burgas 
agglomeration", developed by "SPEKTRI OOD" in 2017, were used. 
In Turkiye, measurements are made according to the provisions of the Regulation on Evaluation 
and Management of Environmental Noise (Official Newspaper dated 04.06.2010 and numbered 
27601). In 2021, noise maps were created in 46 provinces across Turkey, including Edirne. 
Departments of the Ministry of Environment, Urbanization and Climate Change create and update 
a database of acoustic load measurements, which includes: 
The noise level along the industrial source boundary in dB(A).  
The noise level at the impact site. 
The nearest residential or public building in dB(A). 
The values are reported for the different periods of the day in which the enterprise operates (daily 
period – from 7 am to 7 pm, evening period – from 19 to 23 hours, night period - from 23 to 7 
hours; TS ISO 1996-2). Industrial noise levels should not exceed legal limit values for different 
development zones in urbanized areas and beyond.  The principles specified in the Machinery 
Safety Regulation (2006/42/AT) published in the Official Newspaper dated 3/3/2009 and 
numbered 27158 are provided for the tools, equipment and machines used in industrial facilities. 
RADIOLOGICAL MONITORING. 
There are no points located on the territory of the studied ecosystems that are part of the automated 
system for online observations. Measurements are carried out by the "Radiation Control" 
department at RZI - Burgas. Gamma radiation background is measured in atmospheric deposits 
(Total β activity, 137Cs, 134Cs and 7Be) and seawater (Total β activity, 137Cs and 134Cs). In 
Turkiye, the Nuclear Regulatory Authority is responsible for radiological monitoring and 
measuring the radiation background in sediment (α activity, β activity, 137Cs, 238U and 232Th). 
 
 
III PILOT SITE RESEARCH PROGRAM - RIVER-TYPE AQUATIC 
ECOSYSTEM, RIVER SYSTEM 
 
Network of sampling sites 

A network of 5 monitoring sites has 
been established, as shown in Scheme 1.  

 
All of the points have been examined 
and the possibility of conducting 
monitoring has been established. 

 
Scheme 1. Monitoring points of the 

Karaagach River. 
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When choosing sampling points for PM2.5 and PM10 and Black Carbon, we focused on territories 
that are not directly affected by point, linear or area sources of pollution: 
According to Directive 2008/50/EC of the European Parliament and of the Council of May 21, 
2008 on the quality of atmospheric air and for cleaner air for Europe, the sampling points oriented 
to the protection of vegetation and natural ecosystems , are located more than 20 km from 
agglomerations or more than 5 km from other built-up areas, industrial installations, highways or 
main roads with transport traffic exceeding 50,000 vehicles per day, which means that the 
sampling point must be located so that the sample is representative of the air quality in the 
surrounding area of at least 1 000 km2.  
In this ecosystem, this condition cannot be met. In addition, high concentrations of PM are not 
expected due to the absence of large emission sources and the meteorological specificity of small 
coastal settlements related to breeze circulation, the absence of heat islands and the consequent 
rapid dispersion of atmospheric pollutants, in particular PM. As a consequence of the above 
arguments, it is not necessary to have an air monitoring station for PM in this ecosystem. 
The characterisation of the sampling stations in Meriç (Maritzsa/Evros) River (Freshwater 
Environment):  
The Meriç River is the biggest freshwater resources in the area and it is also one of the largest 
rivers in Turkey and it is called as “International River” because of it forms the border between 
Turkey and Greece. This river has a drainage area of approximately 52.600 square kilometres and 
it born in Bulgaria and after forming the Turkey-Greece border it flows there are agricultural areas 
along the river. A total of 5 sampling localities were chosen as the freshwater resource in the area 
Station 1 (St. 1) : Meriç River before mixing point (Coordinates: 41° 06ʹ 41ʺN, 26° 19ʹ 53ʺ E); St. 
2: Ergene River before mixing point (in order to determine pollution from industry) (Coordinates: 
41° 03ʹ 58ʺN, 26° 21ʹ 43ʺ E); St. 3: mixing point of Meriç and Ergene Rivers (Coordinates: 40° 59ʹ 
22ʺN, 26° 20ʹ 46ʺ E); St. 4: near the Enez district (Coordinates: 40° 44ʹ 07ʺN, 26° 05ʹ 19ʺ E); St. 
5: estuary of the river (Coordinates: 40° 43ʹ 46ʺN, 26° 02ʹ 51ʺ E). 
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Time frame and program by sites 
Standards for fine particles are set to 24 hours and a calendar year. In this sense, the shortest 
sampling is within 24 hours. But recent scientific research shows that, especially for PM2.5, the 
measured concentrations are roughly the same as values within three days. This is also our reason 
for organizing sampling once every three days. This will lead to a reduction in the carbon footprint 
along two lines – fewer filters used and lower electricity consumption. 
The indicators concerning surface waters according to Regulation H-4/14.09.2012 are part of the 
normative definitions of the classifications for ecological status and include the determination of 
chemical and physicochemical quality elements. 

- Basic physicochemical indicators – temperature, pH, undissolved substances, electrical 
conductivity, biogenic elements (NH4-N, NO3-N, PO4), dissolved oxygen, oxygen saturation, 
permanganate oxidizability, BOD, COD, iron, manganese, sulfates, chlorides and etc. 

- Priority substances – highly toxic, persistent and easily bioaccumulating substances. Their 
number is 45. 

- Specific pollutants – organic substances, heavy metals and metalloids, cyanides, phenols and 
other specific substances. 

Additional requirements for monitoring (according to the specifics of the sites – protected 
areas, etc.) 
The sampling point is located on site, in accordance with Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on ambient air quality and cleaner air for Europe. 
The main objectives of measurements at non-urban background monitoring points, regardless of 
concentration, are to ensure that these measurements provide adequate information on background 
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levels. This information is essential to estimate elevated levels in more polluted areas (such as 
urban background, industrial-oriented and transport-oriented monitoring sites), to assess possible 
emissions from long-range transport of air pollutants, to to support source apportionment analysis 
and to understand specific pollutants such as particulate matter. It is also essential for the increased 
use of modeling in urban areas as well. Sampling points shall be located in such a way as to provide 
data on pollution levels in terms of PM2.5 and PM10 in ecosystems that are representative in this 
regard. The data will be indicative in nature. 
Sampling points oriented to the protection of vegetation and natural ecosystems are located more 
than 20 km from agglomerations or more than 5 km from other built-up areas, industrial 
installations, highways or main roads with transport traffic exceeding 50,000 vehicles funds per 
day, which means that the sampling point must be located so that the sample is representative of 
the air quality in the surrounding area of at least 1000 km2. A Member State may ensure that a 
sampling point is located at a shorter distance or that it is representative of air quality in a smaller 
area, taking into account the geographical conditions or the protection possibilities of particularly 
vulnerable areas. 
The monitoring stations are located so that the reported pollution levels are affected by the 
integrated emissions from all sources located on the windward side of the station. The level of 
pollution should not be dominated by a single source unless this is a common situation for a larger 
area. These sampling points should, as a general rule, be representative of several square 
kilometers.The pilot monitoring is carried out with equipment available to the experts. Some 
indicators have been determined, such as pH, temperature, salinity, dissolved substances and 
electrical conductivity of the water. Samples are taken on site and preserved to determine the 
content of heavy metal ions at a later stage. 
At the designated points of the surveyed ecosystems, the level of noise coming from anthropogenic 
sources was determined, as well as the temperature and humidity of the air were measured. 
A walk (about 500 m2) was carried out around the sampling points, and the macropolymeric waste 
found was photographed and described. 
During the pilot monitoring, opportunities were identified to improve the organization of the 
monitoring itself, and the team of experts worked on eliminating the gaps and supplementing the 
methodologies for data preparation, sampling and processing. 
At the moment, access to all selected and visited monitoring points is free, as they enter protected 
areas. 
In in-situ monitoring of waters and water bodies, carrying and storing information on paper is 
difficult and implies loss of information. The team of experts is working on the creation of 
electronic protocols that will replace paper media and facilitate the processing, analysis and 
interpretation of the obtained results. 
A visualization of the obtained results on a map is foreseen. 
 
Processing, analysis, interpretation and reporting of data - summary 
The results of the monitoring carried out and data analysis are indicated in Appendix 2. 
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ANNEXES: 

1. Methods 
2. Results of the monitoring  
 
 
 
 
 
 
 
 
 
 
 
 
 

METHODOLOGY ECOSYSTEM LAKE TYPE 
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I DETAILED DESCRIPTION OF THE SELECTED PILOT SITES. 
TRENDS, CHALLENGES AND GAPS. DPSIR ANALYSIS  
Burgas Lake (Lake Vaya) is the largest natural lake in Bulgaria – a shallow brackish coastal lake 
- an open estuary with a weak connection to the sea and with aquatic vegetation along the shores. 

It is located to the west of Burgas, with its entire eastern part bordering the industrial and residential 
living quarters of the city. It is connected to the sea by a canal with a lock, which provides vital 
fresh water from the sea, and with it nutrients and many marine inhabitants to the otherwise mostly 
freshwater lake. Three rivers flow into it - the Aitoska, the Sunderdere and the Chukarska, which 
bring in fresh water.   
The lake is dominated by open water, which reaches a depth of 13 m. The salinity of the water is 
about 10,58 ‰ and has significant seasonal and annual fluctuations. It is part of the Burgas lake 
complex - one of the three most significant wetland complexes for concentrating waterfowl along 
the Bulgarian Black Sea coast. Its altitude is between 0 and 17 m, average 8 m above sea level. 
There are several small marsh ponds in the northeastern part of the lake, and fish ponds in the 
northwestern part. wet marshy meadows, halophytic grasslands, mesocerothermic grasslands, 
croplands and pastures surround the lake area. 
Over the last 50 years, the Burgas Lake has undergone significant changes - flattening, flattening 
of the bottom, reduction of the total area, reduction of the open water area, drastic reduction of the 
salinity with corresponding sweetening. In the period 1926-1958 its waters were mainly 
mixomesohaline with salinity close to that of the Black Sea (9 - 16-18.4‰). The input of waters 
from the reservoir was about 6.5 - 6.5 %. Mandra began after 1936 and continued regularly until 
the 1960s, but as a result, in the period 1964 - 1968, Lake Bourgas was already mixozoohaline 
with an annual average salinity value of 2.68‰. Along with the changes in salinity, its depth and 
area decreased. All these changes are reflected in the changes in the quality of the lake algoflora 
and in its quantitative development, as well as in the concomitant changes of biogens. In the 1960s, 
according to the hydrochemical data, the lake was already highly eutrophic to hypertrophic. 
Main conservation objectives: 
- Conservation of the area of natural habitats and habitats of species and their populations 

subject to conservation within the protected area; 
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- Conservation of the natural state of natural habitats and habitats of species subject to 
conservation within the protected area, including the natural species composition, 
characteristic species and environmental conditions of these habitats; 

- Restoration, if necessary, of the area and natural state of priority natural habitats and species 
habitats, as well as of populations of species subject to conservation within the protected area. 

Dalyan Lake is the largest natural lagoon lake in the Enez Lagoon Complex. This is a brackish 
coastal lake with a weak connection to the sea. It is located South of Enez District, and it has 
accepted the wastes from settlements and agricultural activities. It is connected/sum connected to 
the sea by a channel with a gateway. In the lake prevails the open water area, which at a depth 
reaches up to 2 m. The salinity of the water is about 15 ‰ and has significant seasonal and annual 
fluctuations.  
Enez lagoon complex is a natural part of the Meriç River Basin. But it is affected by all kinds of 
pollution carried by the river. Especially, it is negatively affected by the pollution load carried by 
the Ergene river and the fertilizers and pesticides used in the agricultural activities around the 
Meriç-Ergene basin and the domestic wastes originating from the settlements. It is produced in the 
Dalyan Lake blue crab. 
 
Protected areas: 
Vakıf Nature Park: Vakıf Nature Park, located in the Enez district of Edirne province, is a 
natural site and was declared a nature park on 21.05.2018. The total area of the park is 26.70 ha 
Edirne Enez Dalyan Taşaltı Lagoon Lakes 1St and 2nd Degree Trapeze, 3rd Degree Natural 
Site: The area is 1,441.50 hectares (Fig. 3). 1st Degree Natural Site is 8.252.108.59 m². 2nd 
Degree Natural Site is 4.717.445.05 m². 3rd Degree Natural Site is 1.445.532.73 m².  
 
Main conservation objectives in the area: 

• Car traffic. The main source of anthropogenic impact in the settlements. The roads that 
affect the air component of the Ecosystem Dalyan Lake are car traffic because of tourism.  

• Domestic heating through wood and coal can be a significant source of emissions on cold 
winter days.  

• Dust generated from construction sites or unpaved roads is re-spread by air duvets created 
by cars or wind and can become an environmental problem. 

 
 
Trends, challenges and gaps. DPSIR analysis 
The DPSIR model is used to assess aquatic ecosystem problems. Because freshwater management 
considers continuously changing complex aquatic ecosystems and their relationship to surrounding 
populations, it is useful to be able to examine the status and impacts on these ecosystems not only 
in the present, but also over time. 
Burgas Lake (Lake Vaya) 

Strengths Weaknesses 
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The largest natural lake in Bulgaria; 
Part of the Burgas lake complex (wetlands); 
Presence of ponds with restoration project; 
Proximity to the town of Burgas. Burgas; 
12% legally protected - "Vaya" wetland; 
Corine place; 
Ornithologically important place; 
Ramsar site; 
Natura 2000 area; 
Representative ecosystem of the estuaries along 
the Western Black Sea coast with great 
importance for rare and protected species and 
waterfowl; 
Initial tourist infrastructure; 
 

Difficulties with cleaning the channel connecting 
the lake to the sea; 
Proximity to the town of. Access to the lake and 
uncontrolled access of people; 
Contamination of the water with chemicals from 
the oil refinery; 
Water pollution from agriculture and 
eutrophication; 
Contamination of water from wastewater inflow 
from industry and domestic sewage from the 
population; 
Noise pollution from nearby highway; 
Industrial fishing; 
Illegal hunting; 
Lack of owner and landlord; 
Violated hydrological regime; 
Lack of security; 
Afforestation with alien species; 
Negative modifications due to intensive 
construction; 
Altered technogenic topography; 
Presence of landfill in the northeast; 
High voltage line; 
Destroyed tourist infrastructure; 
The withdrawal of the fish resource; 
Pollution from piggeries near the quarters of the 
village. Upper Lake; 
Problems with the status of the land around the 
lake - long procedures in changing the status, 
which delays the initiation of activities around the 
lake. 

Opportunities Threats 

Protection of biodiversity - a priority in EU 
policies and therefore availability of financial 
opportunities through EU programmes;  
Agri-environmental measures to develop 
adequate agriculture; 
Availability of free fertile arable land; 
Development of tourism and construction of 
tourist infrastructure - organization of canoeing, 
boating, etc. 
International transport hub; 
The clearing of the canal and salt sea water 
intrusion; 
Development of walking and cycling routes 
around part of the lake; 

Numerous industrial enterprises; 
Aggregate and construction material extraction - 15 
m of subsidence, places where fish hide and survive; 
Expansion of the industrial zone; 
Unregulated dumping of construction and domestic 
waste around the lake. 
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Designation of a camping/tenting area for 
ornithological expeditions, camps (similar to 
Lake Atanasovsko). 

Lake Burgas (Lake Vaya) is affected by all human activities that may result in alteration of the 
water regime or water quality of the wetland, as well as acceleration of development of the city. 
The lake is contaminated with petroleum products, phenols and other chemicals from the nearby 
oil refinery. The intensive use of pesticides and fertilizers in the surrounding farmland is leading 
to pollution and accelerated eutrophication of the pond. 
Wastewater from the northern and southern industrial areas of the city flows into the lake after 
passing through a treatment plant. Significant amounts of wastewater flow into the lake from the 
Upper Lake and Lower Lake districts, as well as from some enterprises in Burgas. The change in 
water quality leads to a change in the type and quantity of fish stocks and consequently in the food 
base for many waterfowl.  
The international road to the southern state border along the eastern shore leads to heavy pollution 
with waste and excessive noise. With the widening of the road and the construction of the road 
cloverleaf at the outlet of Burgas is a prerequisite for increasing anthropogenic pressure and 
pollution of the area. The industrial fishing that takes place in the lake causes disturbance to birds 
and their frequent capture in fishing nets. Hunting is also a factor causing significant disturbance 
to birds spending the winter months. 

Dalyan Lake SWOT Analysis 
Strengths Weaknesses 
• The largest natural lake in Enez Lagoon 
Complex; 
• Part of the Lagoon lake complex 
(wetlands); 
• Existence of fish farms; 
• Ornithologically important place; 
• Representative ecosystem of the estuaries 
on the North Sea coast of great importance 
for rare and protected species and 
waterfowl; 
• Initial tourist infrastructure; 
 

• Difficulties in cleaning the canal connecting 
the lake with the sea; 
• Proximity to the district of Enez and 
uncontrolled access of people in the summer 
season; 
• Pollution of water with chemicals from the 
agricultural areas; 
• Water pollution from agriculture; 
• Pollution of water from the inflow of 
industrial wastewater and domestic sewage 
from the population; 
• Noise pollution from the nearby highway; 
• Illegal hunting; 
• Violated hydrological regime; 
• Afforestation with alien species; 
• Negative changes due to intensive 
construction; 
• Altered technogenic relief; 
• Destroyed tourist infrastructure; 
• Seizure of fish resources; 
• Problems with the status of the land around 
the lake  
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Opportunities Threats 
• Conservation of biodiversity  
• Development of tourism and construction 
of tourist infrastructure  
• Development of walking and cycling 
routes around part of the lake 

• places where fish hide and survive; 
• Unregulated dumping of construction and 
household waste around the lake. 
 

Lake Dalyan is influenced by all human activities that can lead to changes in the water regime or 
water quality of the wetland, as well as by accelerating the development of the city. The lake is 
contaminated with agricultural products, and other chemicals from th Meriç River. The intensive 
use of pesticides and fertilizers in the surrounding agricultural lands leads to pollution.The 
commercial fishing that takes place in the lake causes concern for the birds and their frequent 
catching in the fishing nets. Hunting is also a significant concern for wintering birds. 

 
 

II MONITORING NETWORKS AND AVAILABILITY OF DATA 
In the ecosystem of Burgas Lake (Lake Vaya), the object of research under this project, monitoring 
of the environmental components - climate, air, water and soil has been carried out. 
CLIMATE 
With regard to meteorological parameters, data have been processed for at least a five-year period. 
The data provided are the property of NIMH and the meteorological station at Burgas Airport and 
Turkish State Meteorological Service (MGM). 
AIR 
One DOAS (Differential Optical Absorption Spectroscopy) system, five automatic measuring 
stations and one mobile station are operating in the study region. All of them are in continuous 
operation (24 hours) and the data from them, through a real-time data transmission system, are fed 
into dispatching points to the National HAB Database.  
Data on the concentration of fine particulate matter at three of the monitoring sites (AIS Meden 
Rudnik (Eol code BG0056A), AIS Dolnoe Ezerovo (Eol code BG0044A) and DOAS - RIEW (Eol 
code BG0063A) have been processed over a five-year period. 
In Turkiye, the Ministry of Environment, Urbanization and Climate Changes performs an 
assessment of ambient air quality (AAQ) on the territory of the country divided into 81 districts, 
which are approved by Air Quality Assessment And Management Regulation (Dated  06.06.2008 
Official Newspaper No: 26898 ). In this order for assessment and management of ambient air 
quality and areas where the tolerances have been exceeded, Edirne has three stations in the area 
for evaluation management and is designated as an area/territorial unit with exceeding the norms 
for indicators: SO2, PM10 and PM2.5 and O3 
WATER 
In the studied ecosystem, lake type, wetland, the points to be monitored are Burgas Lake (Lake 
Vaya) - west (BG2SE90000MS022), centre (BG2SE90000MS023) and east 
(BG2SE90000MS024). 
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The indicators to be monitored under the cited order are divided into three main groups - basic 
physicochemical, priority substances and specific pollutants, with a monitoring frequency of 4 to 
12 times a year. 
- Basic physicochemical indicators – temperature, pH, suspended solids, electrical 

conductivity, nutrients (NH4-N, NO3-N, PO4), dissolved oxygen, oxygen saturation, 
permanganate oxidation, BOD, COD, iron, manganese, sulphate, chloride, etc. 

- Priority substances – highly toxic, persistent and readily bioaccumulating substances. Their 
number is 45. 

- Specific pollutants – organic substances, heavy metals and metalloids, cyanides, phenols and 
other specific substances. 

In Turkiye, surface water monitoring is part of the Ministry of Environment, Urbanization and 
Climate Changes and covers control and operational monitoring programs. The networks for 
control and operational monitoring of surface water and the measured indicators in them are 
regulated by date:  30.11.2012 Official Newspaper No: 28483 Ministry of Environment, 
Urbanization and Climate Changes. The checkpoints on the territory of the country are distributed 
in the eight basin management districts. 

SOILS 
The frequency of observations varies depending on the processes. Testing of soil samples is carried 
out in 15 Regional Laboratories of the EEA which are accredited. 
The document “Control of Soil Pollution and Regulation on Point Source Polluted Areas” has been 
in force since 2010 (Official Newspaper publication date: 08.06.2010 No: 27605) where soil 
monitoring is part of the Ministry of Environment, Urbanization and Climate Changes in Yurkiye 
and covers control and operational monitoring programs. The monitoring program is fully in line 
with the latest requirements of the European Commission and the European Environment Agency, 
good practices in a number of European countries, as well as with national legislation adopted by 
the ministry. Content of pollutants to be monitored are heavy metals and metalloids, total nitrogen, 
phosphorus, organic carbon, active soil reaction (pH), electrical conductivity, nitrate nitrogen, total 
carbon and persistent organic pollutants – polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls (PCB) and various class of organic pollutants. 
NOISE 
Data from the EEA measured at 37 sites and the report “Development of an updated strategic 
environmental noise map for the Burgas agglomeration” developed by SPECTRI Ltd. in 2017 were 
used.  
In Turkey, measurements are made according to the provisions of the Regulation on Evaluation 
and Management of Environmental Noise (Official Newspaper dated 04.06.2010 and numbered 
27601). In 2021, noise maps were created in 46 provinces across Turkey, including Edirne. 
Departments of the Ministry of Environment, Urbanization and Climate Change create and update 
a database of acoustic load measurements, which includes: 
The noise level along the industrial source boundary in dB(A).  
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The noise level at the impact site. 
The nearest residential or public building in dB(A). 
The values are reported for the different periods of the day in which the enterprise operates (daily 
period – from 7 am to 7 pm, evening period – from 19 to 23 hours, night period - from 23 to 7 
hours; TS ISO 1996-2). Industrial noise levels should not exceed legal limit values for different 
development zones in urbanized areas and beyond.  The principles specified in the Machinery 
Safety Regulation (2006/42/AT) published in the Official Newspaper dated 3/3/2009 and 
numbered 27158 are provided for the tools, equipment and machines used in industrial facilities 
RADIOLOGICAL MONITORING 
There are no stations located on the territory of the studied ecosystems that are part of the 
automated online monitoring system. Measurements are carried out by the Radiation Control 
Department at the Regional Health Inspectorate - Burgas. Radiation gamma background is 
measured in atmospheric deposition (Total β activity, 137Cs, 134Cs and 7Be) and seawater (Total 
β activity, 137Cs and 134Cs). 
In Turkiye, the Nuclear Regulatory Authority is responsible for radiological monitoring and 
measuring the radiation background in sediment (α activity, β activity, 137Cs, 238U and 232Th). 
 
 
 

III PILOT SITES RESEARCH MONITORING PROGRAMME – LAKE TYPE 
ECOSYSTEM 
Network of sampling sites 

An ecosystem monitoring network of 6 
monitoring sites has been established.  
All of the points have been surveyed and 
opportunities for monitoring have been 
identified.  

 
Scheme 1. Monitoring points of Burgas 

Lake (Lake Vaya). 
 

When selecting sampling points for PM2.5 and PM10 and Black Carbon, areas that are not directly 
affected by point, line or area sources of pollution were selected – Burgas Lake Ecosystem (Lake 
Vaya) - Burgas Industrial and Logistics Park (in the northern outskirts of Burgas Lake) or “Vaya” 
Ecopark (in the western part of Burgas Lake). 
Dalyan Lake is located in the South of Enez District. It is under intense anthropogenic pressure 
due to large agricultural activities around, as well as due to the unlimited and uncontrolled access 
of people in and around the protected areas. A total of 2 sampling localities were chosen as the 
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brackish resource in the area:  St. 6: near the Enez district (Coordinates: 40° 43ʹ 18ʺN, 26° 04ʹ 33ʺ 
E) and St. 7: near the inlet channel of the lake (Coordinates: 40° 42ʹ 58ʺN, 26° 03ʹ 19ʺ E). 

 

 
 

Provisional timeframe and programme by sites 
Fine particulate matter standards are set per 24 hours and calendar year. In this sense, the shortest 
sampling is within 24 hours. However, recent research has shown that especially for PM2.5, 
measured concentrations are approximately the same as values within three days. This is our 
reasoning for arranging sampling once every three days. This will lead to a reduction of the carbon 
footprint along two lines – fewer filters used and lower electricity consumption. 
Additional requirements for monitoring (according to specificity of sites – protected zones 
etc.) 
The sampling point shall be sited in accordance with Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on ambient air quality and cleaner air for Europe. 
The main objectives of measurements at non-urban background monitoring sites, irrespective of 
concentration, are to ensure that adequate information on background levels is provided. This 
information is essential to assess elevated levels in more polluted areas (such as urban background, 
industrial and transport-oriented monitoring sites), to assess possible emissions from long-range 
transport of air pollutants, to support source apportionment analysis and to understand specific 
pollutants such as particulate matter. It is also essential for the increased use of modelling in urban 
areas. Sampling points shall be sited to provide data on pollution levels with respect to PM2.5 and 
PM10 in ecosystems that are representative in this respect. The data will be indicative. 
Sampling points oriented to the protection of vegetation and natural ecosystems shall be located 
more than 20 km from agglomerations or more than 5 km from other built-up areas, industrial 
installations, motorways or main roads with a transport traffic exceeding 50 000 vehicles per day, 
which means that the sampling point must be located so that the sample is representative of the air 
quality in the surrounding area of at least 1 000 km2. A Member State may ensure that a sampling 
point is located at a shorter distance or that it is representative of the air quality in a smaller area, 
taking into account geographical conditions or the possibilities of protecting particularly sensitive 
areas. 
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Monitoring stations shall be sited so that the reported pollution levels are influenced by integrated 
emissions from all sources downwind of the station. Pollution levels shall not be dominated by a 
single source unless this is the normal situation for a larger area. These sampling points should, as 
a general rule, be representative of several square kilometres. 
The pilot monitoring was carried out with equipment available to the experts Some indicators were 
determined, such as pH, temperature, salinity, dissolved substances and electrical conductivity of 
the water. Samples are taken on site and preserved for determination of heavy metal ions at a later 
stage.  
The noise level coming from anthropogenic sources was determined at the designated points of 
the ecosystems surveyed, and air temperature and humidity were measured.  
A walkover (approximately 500 m2) was carried out around the sampling points and the 
macropolymer waste found was photographed and described.  
During the pilot monitoring, opportunities to improve the organisation of the monitoring itself 
have been identified and the team of experts is working to address gaps and complement the 
methodologies for preparation, sampling and data processing.  
Currently, access to all selected and visited monitoring sites is free and they are encroaching into 
protected areas.  
For in-situ monitoring of water and water bodies, carrying and storing information on paper is 
difficult and implies loss of information. The team of experts is working on the creation of 
electronic protocols that will replace paper media and facilitate the processing, analysis and 
interpretation of the results obtained. 
Processing, analysis, interpretation and reporting of data 
The results of the monitoring and data analysis are given in Annex 4. 
 
ANNEXES: 

1. Methods 
2. Results of the monitoring  
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OVERWIEW  
I OBJECTIVES OF THE RESEARCH  
 
The present study is developed within the framework of the CB005.3.12.001 "Cross-Border 
Regions collaborate for BLUE GROWTH" (BLUE GROWTH COLLABs) project, funded under 
the Interreg - IPA CBC Bulgaria - Turkiye 2014-2020 Program. 
The main objective of the project is to improve the capacity and the expertise in the field of marine 
and environmental protection in the cross-border region, while creating sufficient infrastructure 
and conditions for applied scientific research and joint coordinated activities. 
The specific objectives of the project are related to: 

- improving institutional and scientific capacity for sustainable management and use of 
natural resources; 

- creation of favorable conditions for accumulation of knowledge and high achievements in 
ecological research and protection of common natural resources; 

- establishment of mechanisms for interaction, coordination and cooperation between key 
stakeholders in the cross-border region. 

The project stands behind the idea of creating scientific research centers for blue growth, which 
function by applying the following principles: 

- multidisciplinary approach of studies and research of the various aspects of the aquatic 
ecosystems related to water quality, biological status, climate, anthropogenic pressure, etc.; 

- combining traditional passive methods and data with new modern monitoring and analysis 
techniques; 

- utilization of knowledge to add value to local and regional development; 
- creating shared knowledge based on the understanding that rivers, seas and coastal areas 

are complex systems predetermining the health of the environment in the transboundary 
region. 

The project partners: "Prof. Dr. Asen Zlatarov" University of Burgas, Republic of Bulgaria and 
Trakia University of Edirne, Republic of Turkiye have established Research Centers for BLUE 
GROWTH, each of which is structured in three laboratories: Water Pollution Monitoring 
Laboratories, Aquatic Ecosystems Analysis and Modeling Laboratories, Aquaculture and 
Biotechnology Laboratories. 
The Scientific Research Centers on both sides of the border carry out joint activities to develop 
and agree on common methodologies and standards for monitoring, analysis and assessment of the 
state of the environment of natural sites, coordinate the scientific effort in the field of nature 
protection to achieve maximum benefits and sustainable development of the cross-border region. 
The purpose of the present work is to present the results of the implemented exploratory 
monitoring of the pilot water ecosystems in each of the regions - Burgas and Edirne, to structure a 
methodological approach for studying key components of the environment as a suitable basis for 
a comprehensive assessment of the state of art and the possibilities for the development of the 
natural potential. 



 
 

 
31 

 

 
 

II GEOGRAPHICAL CHARACTERISTICS OF THE BULGARIA-TURKIYE 
CROSS-BORDER REGION 
 
The Cross-border Zone (CBZ) is located in South-Eastern Europe, on the Balkan Peninsula and 
includes the following NUTS III or equivalent regions: Burgas, Yambol and Haskovo in Bulgaria 
and the provinces of Edirne and Kirklareli in Turkiye. The territory has an area of about 29,000 
km2, while the border line between the two countries stretches for 288 km (including three active 
border points).  
The total population is about 1.5 million inhabitants (784,480 inhabitants from the Bulgarian side 
and 742,000 inhabitants from the Turkish side). The eligible program territory in Bulgaria 
represents 14.99% of the total territory of the country, respectively the eligible territory in Turkiye 
represents 1.58% of the total territory of the country. Main cities in the region are Burgas (211,535 
inhabitants), Yambol (72,778 inhabitants) and Haskovo (92,788 inhabitants) in Bulgaria and 
Edirne (148,474 inhabitants) and Kirklareli (61,880 inhabitants) in Turkiye. The CBZ shows a 
very low population density of 54.9 inhabitants/km2 in Burgas, 45.3 inhabitants/km2 in Haskovo 
and 39.7 inhabitants/km 2 in Yambol. The population density in Edirne is 64.7 inhabitants/km2, 
and in Kirklareli – 53 inhabitants/km2. 

The geographical structure of the Bulgaria-
Turkiye cross-border zone has an altitude of 710 
m to 1000 m and includes plains, valleys, plateaus 
and hilly areas, with some mountainous 
characteristics. The district borders the Eastern 
Rhodopi mountain and the low branches of Sakar 
Mountain in Bulgaria in the northwest, and to the 
southwest - the Aegean Sea (Saros Bay) in 
Turkiye. To the northeast, the zone borders the 
Stara Planina Mountain in Bulgaria, and the 
Strandzha/Yildaz Mountains and the Black Sea to 
the southeast represented in both Bulgaria and 
Turkiye. 
 
 

The water resources of the area include both surface and groundwater. The Maritsa/Meriç River 
is the largest river on the Balkan Peninsula. Tunja River is another important river in the region. 
The region of Strandzha/Yildiz Mountain is the richest in water resources in the entire Thrace-
Strandzha/Yildz region. 
The climate varies from transitional-continental to continental - Mediterranean (mild winter, hot 
summer). 
Deciduous trees and some species of evergreens predominate in the mountains. The border area 
is rich in various types of mineral resources of a non-metallic nature (limestone, marble, granite, 
asbestos) and of a metallic nature (polymetallic ore - mainly lead, zinc and silver) and brown coal 
with deposits on the Bulgarian side. On the Turkish side there are deposits of coal, chrome, iron, 
copper, bauxite, marble and sulphur. 
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Analysis of the strengths, weaknesses, opportunities and threats of the cross-border 
region/cross-border area, from the point of view of environmental indicators (SWOT 
analysis) 

 
Strengths Weaknesses 

Moderately good environmental conditions; 
Availability of protected areas (national and 
nature parks, reserves) with well-preserved 
biodiversity ecosystems; 
An abundance of natural resources that are a 
good base for tourism and recreation. 
 
 

Environmental pollution; 
Inefficient cooperation in the field of natural resources 
management and inadequate coordination 
forenvironmental protection; 
Ineffective separation of waste on both sides of the 
cooperation zone; 
The area is vulnerable to natural disasters and coastal 
threats, which negatively corresponds to the increased 
effects of climate change by increasing the frequency 
and intensity of natural disasters (floods, droughts, 
etc.); 
The region is low in energy efficiency and highly 
dependent on fossil fuels, thus facing energy security 
challenges; 
The increasing pressure on the environment due to 
urbanization, intensive agriculture and transport 
aggravates the existing negative situation in different 
sectors; 
Despite existing initiatives to protect the Black Sea, the 
region faces a number of major challenges, including 
the reduction of biological resources, increasing marine 
litter, declining species diversity, etc. 
 

Opportunities Threats  

Cross-border cooperation for sustainable use 
and management of natural resources of 
mutual interest for Bulgaria and Turkiye; 
Better public awareness and commitment to 
environmental protection 
 

Chaotic use of natural resources; 
Deterioration of biodiversity; 
Insufficient efficiency in water resource management 
and flood protection activities; 
Soil erosion in Strandzha mountain and along the 
rivers; 
Aggressive (unauthorized) construction on the 
Bulgarian part of the Black Sea coast. 

III NATIONAL CONTEXT. LEGISLATION AND POLICIES IN THE FIELD OF 
AQUATIC ECOSYSTEM MANAGEMENT 
 
Republic of Bulgaria 
Legislation and policies in the field of water ecosystem management aim at integrated, reasonable 
and sustainable management of water on the territory of the Republic of Bulgaria, as a nationwide 
indivisible natural resource in sufficient quantity and good quality for sustainable, balanced and 
fair water use. 
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Main legislative documents in the field of aquatic ecosystem management: 
The Constitution of the Republic of Bulgaria  
Art. 15 of the Constitution guarantees the protection and reproduction of the environment, the 
maintenance and the diversity of living nature and the reasonable use of the natural wealth and 
resources. 
Other legislative acts relevant to the study: 
Environmental Protection Act (promulgated SG No. 91, September 25, 2002, last amended SG No. 
102, December 23, 2022) 
Water Law (in force since 28.01.2000, last amended and supplemented on 26.02.2021) 
River Basin Management Plan for the Black Sea Region for Basin Management for the period 
2016-2021, adopted by Decision of the Council of Ministers No. 1107/29.12.2016. 
The Law on Fisheries and Aquaculture (promulgation of SG No. 41 of April 24, 2001, last amended 
SG No. 102 of December 23, 2022) 
Management of aquatic ecosystems 
The waters on the territory of the Republic of Bulgaria are classified as surface waters; 
underground, including mineral waters; internal maritime waters and the territorial sea; the waters 
of the Danube River, the Rezovska River and the Timok River within the state border of the 
Republic of Bulgaria. Freshwater is considered a "national strategic resource". 
Water management at the national and basin level is the responsibility of the Minister of 
Environment and Water, the Environmental Executive Agency (EAE), 4 Basin Directorates (BD), 
Regional Environment and Water Inspectorates (REWI). 
The Black Sea Water Basin Management Area covers the territory of the catchment areas of the 
rivers flowing into the Black Sea from the northern to the southern border of Bulgaria, including 
internal sea waters and the territorial sea, which represents approximately 14.7% of the country's 
territory. 
Environmental monitoring systems, as part of the Environmental Protection Act 
Environmental monitoring systems are created and function in accordance with Art. 1, p. 7 of the 
Environmental Protection Act. They provide timely and reliable information about the status of 
the components of the environment and the factors affecting it, based on which analyses, 
assessments and forecasts are made to substantiate the activities for protection of the environment 
from harmful effects. All measurements and observations are carried out according to unified 
sampling and analysis methods in compliance with the procedures for ensuring the quality of 
measurements and data. The scope of data collection and reporting on the state of water resources 
at the basin level includes the following components: Climate, Air quality, Water, Soil, Noise, 
Radiological monitoring. 
Republic of Turkiye 
Main legislative documents in the field of water ecosystem management: 
The Constitution of the Republic of Turkiye 
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The Constitution of the Republic of Turkiye (Article 56) guarantees the protection and restoration 
of the environment, maintenance of biodiversity and the reasonable use of the country's natural 
resources, protects the right to the environment as a basic human right. 
"Everyone has the right to live in a healthy and balanced environment. It is the duty of the state 
and the citizens to improve the environment, to protect the health of nature and to prevent its 
pollution." 
The Constitution affirms the principles of management and use of national water resources in the 
public interest and for the improvement of public welfare. 
Main legislative documents in the field of water ecosystem management: 
Surface Water Quality Ordinance (2012) 
Management of aquatic ecosystems 
The main institutions responsible for environmental management specified in the Constitution are: 
Ministry of Agriculture and Forestry, General Directorate "Water Management", responsible for 
defining policies for the protection, improvement and use of water resources. 
Ministry of Agriculture and Forestry, General Directorate "State Water Management" - an 
investment company financed by the state with responsibilities in the planning, development and 
management of all water resources of the country. 
Ministry of the Environment, Urbanization and Climate Change, Directorate General 
"Environmental Management" with functions in the preparation of legislation related to the 
prevention and control of environmental pollution, the protection of surface and groundwater, seas 
and soils, prevention or elimination of waste pollution, monitoring of environmental parameters, 
etc. 
Environmental monitoring systems 
Environmental monitoring systems in Turkiye operate in accordance with the Ordinance on 
Surface and Groundwater Monitoring (2014) and the Manual on Biological Monitoring and 
Sediment Sampling (2015) with the following scope: Climate, Water, Air Quality, Noise, 
Radiological monitoring, Soil. 

IV EXISTING METHODOLOGIES FOR MONITORING AND ASSESSMENT 
OF AQUATIC ECOSYSTEMS 
 
Aquatic ecosystem monitoring activities include a wide range of methods for monitoring different 
aspects of ecosystems from water and sediment quality to assessment of biota and biocenous 
organisms. In addition, the interaction of the ecosystem with various pressure factors, including 
mainly anthropogenic pressure, as well as the influence of various climatic and hydrological 
parameters and phenomena, is taken into account.  
In situ and remote monitoring are developed and applied, in the general case and according to the 
resources available, integrated in complex methodologies for assessment of general or specific 
aspects of the status of the ecosystem. 
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The monitoring methodologies presented below are non-exhaustive and selected according to the 
research objectives and their applicability to the pilot ecosystems selected for the transboundary 
region. 
Methods for assessing the status of species and habitats 
The methods are dedictaed to study the state of the species, their distribution, characteristic 
habitats, biological and ecological features. Monitoring is carried out on live specimens and shells 
in two stages: in the first stage includes the transects to establish the presence of a given species, 
taking into account only the "species distribution" parameter, while in the second stage a more in-
depth study is carried out in selected areas, where parameters such as age structure, numbers, 
characteristics of the river section, identification of influences (current) and threats (future) are 
considered. 
Relevant to the present study are the developed and implemented methods for monitoring various 
species of the type Mollusca (Mollusca) and type Arthropoda (Arthropoda), as well as methods 
for monitoring fish in freshwater pools. 
Water quality monitoring methods 
Methodology for monitoring Chlorophyll A (phytoplankton) 
Satellite remote observation is an important approach for chlorophyll A monitoring, which has 
recently been applied to determine phytoplankton size structure and monitor harmful algal blooms. 
However, there are still few studies that assess the ecological status of coastal and open marine 
waters based on the phytoplankton component. 

 
Methodology for monitoring physicochemical elements for water quality 
The quantitative determination of the physicochemical parameters is carried out by measuring the 
light absorption by technical means - a spectrometer and electrometric methods. 

 
Table 1 Physicochemical elements and indicators for surface water monitoring 

Physico-chemical elements 

for quality 

Indicators 

 

Acidification status Active reaction pH for "lakes" (bottom pH, for potential acidification 
from anaerobic processes) 

Temperature conditions Temperature for and "lakes" (vertical temperature profile to 
determine summer stratification and thermocline 
depth) 

Oxygen mode Dissolved oxygen/ 

Oxygen saturation 

oxygen supersaturation is usually a good indicator of 
a strong "bloom" of phytoplankton or aquatic 
macrophyte vegetation (a vertical oxygen profile to 
determine the presence of an anoxic layer near the 
bottom - anaerobic conditions) 

Salinity Electrical conductivity for "lakes" (measurement in depth for possible 
stratification) 

Biogenic conditions Biogens (N-NH 4 
+ , N-

NO3 
– , N-NO2 

– , N-
indicators directly related to the development of 
phytoplankton communities 
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organic, total N, 
phosphorus - PO 4 

3– ) 

Organic load BOD 5 

Total organic carbon 

characterizes the load with biodegradable organics/ 
organic load 

Transparency Secchi transparency only for "lakes" 

 
Methodologies and approaches for the determination of micropolymers 
 

– Density separation with subsequent elemental analysis 
The specific density of particles is used to identify the polymer origin of visually sorted 
micropolymers. Particle density is estimated indirectly by gravimetric analysis. Different groups 
of polymers have a characteristic elemental composition, which is used to identify the polymer 
origin of the particles by subsequent C:H:N analysis. 

– Pyrolysis-GC/MS 
Pyrolysis-gas chromatography (GC) combined with mass spectrometry (MS) can be used to 
evaluate the chemical composition of potential micropolymer particles by analyzing their thermal 
degradation products. Pyrolysis of polymers results in characteristic pyrograms that facilitate the 
identification of the polymer type. The polymer origin of the particles is then identified by 
comparing their characteristic combustion products with reference pyrograms of known pure 
polymer samples. 

– Raman spectroscopy 
Raman spectroscopy is a simple technique that has been successfully used to identify 
micropolymer particles in various environmental samples with high reliability. During Raman 
spectroscopy analysis, the sample is irradiated with a monochromatic laser source. 

– IR spectroscopy 
Infrared (FTIR) spectroscopy offers the ability to precisely identify polymer particles according to 
their characteristic IR spectra. Polymers possess highly specific infrared spectra with distinct band 
patterns, making infrared spectroscopy an optimal technique for the identification of 
micropolymers. 
Methodologies for the determination of heavy metals 
The International Organization for Standardization (ISO) and the Bulgarian Institute for 
Standardization (BDS) offer an international standard for sampling and storage of various types of 
water BDS EN ISO 5667 and for soil samples - BDS ISO 1840. The Turkish Institute for 
Standardization offers two standards: for sampling and storage of different types of water TS EN 
ISO 5667 and for soil samples – TS ISO 1840. Marine water sampling methods include manual or 
automatic sampling. 
Preliminary preparation of seawater samples involves several stages: filtration, preservation, 
storage and determination of the relevant metals. 
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The determination of heavy metals in various matrices can be carried out by electrothermal, flame 
atomic absorption, fluorescence spectroscopy, as well as differential pulse polarography, neutron 
activation analysis (NAA), inductively coupled plasma with optical emission detector or mass 
detector, ultraviolet - visible spectroscopy, electrophoresis and anodic strip voltammetry. Each of 
the mentioned methods and techniques has its advantages and disadvantages. 
Analysis and modeling of aquatic ecosystems   
Methods for measuring fine particles in atmospheric air 
The most commonly used methods for measuring the concentration of PM10 and PM2.5 in the EU 
are: gravimetric; β – absorption; TEOM. In the monitoring stations in Bulgaria and Turkiye, which 
are part of the national systems for air quality monitoring, measurements are carried out by the 
gravimetric method or by β-absorption. In recent times, the measurement of PM via sensor stations 
has also gained popularity. 
Internal laboratory methodology for collection and storage of samples from the PM2.5 and PM10  
The methodology describes a standard method for determining the mass concentrations of PM2.5 
and PM10 of suspended particles in ambient air by sampling the particles on filters and weighing 
them using a balance. The measurements are carried out with sampling devices with special 
designs at the inlet, operating at a nominal flow rate of 2.3 m 3 /h, for a nominal sampling period 
of 24 h. The results of the measurements are expressed in µg/m 3, where the air volume is the 
volume under ambient conditions near the inlet at the time of sampling. The application range is 
from approximately 1 µg/m 3 to 150 µg/m 3 for PM10 and 120 µg/m 3 for PM2.5. 
In-house laboratory methodology for the analysis of black carbon in fine particles 
The content of black carbon in fine particles is determined by the following techniques: 

- Light reflection or light transmission through integrated samples of solid particles 
- Real-time photometric measurement of light absorption by solid particulate samples 

(carbon black); 
- Chemical analysis of elemental and organic carbon by thermal optical analysis methods 

either semi-continuously with mass readings given every 30 minutes to 3 hours or from integrated 
solids samples collected at 24-hour intervals on quartz filters. 
 
Methodology for determining radiation background 
A portable dosimeter is used to determine the gamma background and the power of the equivalent 
dose of gamma radiation from the air. Each type of detector has different ways in which it can 
function, and regardless of the differences, the main tasks that each dosimeter performs are: 
measurement of radioactive background, protection and detection. 
Most often, three main types of detectors are used to evaluate the gamma background of the 
environment: gas detectors, with scintillators, GEIGER - Müller counter (tube). 
Methodologies for the determination of pesticides 
The analysis of trace amounts of organic pollutants in complex matrices such as waters, soils and 
sediments is almost always performed using chromatographic techniques. Regardless of the type 
of chromatographic technique used, sample preparation remains a limiting step due to the complex 
nature of matrices in which the target compounds are usually present in low amounts. To isolate 
the target compounds from the matrix, various extraction and purification procedures have been 
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developed, including liquid-liquid extraction (LLE), solid-phase extraction (SPE), solid-phase 
microextraction (SPME) and liquid-phase, soxlet extraction, ultrasonic extraction, etc. The choice 
of any technique depends mainly on efficiency, yield of target compounds, reproducibility, amount 
of solvent used, simplicity and ease of implementation. 
Approaches to noise determination 
The existing methodologies for measuring noise from anthropogenic sources include 
distinguishing the sources of noise – automobile traffic, railway traffic, air traffic, industry and 
other human activities. For this purpose, noise meters are placed on tripods near the sources of 
noise, for at least 1 hour a day. In cases of large amplitudes in the anthropogenic load (for example, 
auto traffic at rush hour), measurements are carried out over a longer period of time. 
Approaches to determining light 
The parameters relevant to solar radiation are spectral solar radiation and total solar radiation. 
While the first gives a clear idea of the radiation in certain narrow parts of the spectrum, the second 
parameter shows the total solar radiation. The practical methods for determining the illuminance 
are carried out with the so-called "luxmeters" that are easy and convenient to use. The devices are 
capable of measuring light from both natural sources (the sun) and artificial sources (lamps). 
DRIVING FORCES - PRESSURE - STATE - IMPACT - RESPONSE approach 
The "Driving forces - pressure - state – impact – response” (DPSIR) approach is a framework that 
serves to analyze and evaluate the relationship between anthropogenic activity, the environment 
and the selection of indicators to describe the state of the constantly changing environment. 
According to this systems approach, social and economic development exerts pressure on the 
environment, which causes a change in its state. This leads to impacts on human health, ecosystems 
and resources, which in turn cause a societal response or impact directly (through adaptation). 
The dynamic relationships of the environment for each ecosystem are analyzed in a matrix that 
allows analysis of the main environmental problems, and the ecological indicators of the 
ecosystem are located in the following framework: 

- Driving forces 
- Pressure on the environment 
- State of the environment 
- Impacts resulting from changes in environmental quality 
- Measures against these environmental changes. 
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V APPLICATION OF THE METHODOLOGY. PILOT ECOSYSTEMS  
Characteristics of the river, lake and sea water ecosystems selected for the project. Driving 
forces – Pressure – State – Impact – Response 
Burgas region 
Burgas lake ecosystem (Vaya Lake) 

Burgas Lake (Vaya Lake) - a shallow brackish coastal 
lake, an open estuary with a weak connection to the sea 
and water vegetation along the shores. The lake is 
dominated by the open water area, which reaches a depth 
of 13 m. The salinity of the water is about 10.58 ‰ and 
has significant seasonal and annual fluctuations. It is part 
of the Burgas lake complex - one of the three most 
significant complexes of wetlands for congregating 
waterfowl on the Bulgarian Black Sea coast. 

 
 
Black Sea Ecosystem (Bourgas Bay, including Burgas Port) 
Burgas Bay is the largest bay on the Bulgarian Black Sea 
coast and one of the largest in the Black Sea. The bay 
has a length of 44,702 m and a maximum depth of 25 m. 
In addition to the city of Burgas, the towns of Nessebar, 
Aheloy, Pomorie, Chernomorets and Sozopol are 
located on the bay of the same name. Burgas Bay is the 
westernmost point of the Black Sea. 
The salinity of the water is about 17‰. The sand is of 
magnetic origin. The Burgas Lakes are located in the 
wetlands west of the bay. 
Ecosystem Karaagach River (Kitenska River) 

Karaagach is a river in south-eastern Bulgaria, 
flowing into Karaagach Bay on the Black Sea. Its 
length is 30.5 km. The valley of the Karaagach River 
is one of the sunken valleys typical for the Southern 
Black Sea coast. 
The river originates from the Strandzha Bosna hill, 
331 m above sea level, about 400 m northeast of the 
Demira peak (424 m). Almost along its entire length 
(except for its lowest course) it flows in a deep and 
wooded valley. The ecosystem is freshwater with 
relatively low anthropogenic pressure, mainly during 
the summer tourist season and as a result of the 
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treatment of arable land. However, it is one of the most polluted rivers in the region. 
Edirne region 
Dalyan Lake Ecosystem 

The brackish Dalyana lake has a salinity of 
approximately ‰10-30. The lake is located in a 
territory saturated with urbanized areas and cultivated 
areas and is the largest lagoon within the Enez wetland 
complex. Connected to the sea by a canal, the lake 
receives polluted water from the surrounding 
settlements and agricultural lands. The Ergene River, 
as a transport corridor for pollution resulting from the 
use of fertilizers and pesticides and the inflow of 
domestic wastewater, has a particularly large impact on 
the ecological state of the water body. 

 
Saros Bay Ecosystem 
The Gulf of Saros is located on the Aegean Sea. The 
salinity of the water is ‰35. The ecological status 
of the bay has changed dramatically over the years 
under the pressure of anthropogenic pollution from 
point and diffuse sources. Additional sources of 
pressure are activities related to tourism during the 
summer season and industrial activities.  
At the same time, due to the strong currents, the bay 
is characterized by its strong self-cleaning potential. 
 
Maritsa/ Meriç River Ecosystem 

The ecosystem of the Meriç River and its tributary the 
Ergene River is characterized by a relatively strong 
pollution pressure, especially during the agricultural 
season. Ergene River is defined as the most polluted 
river in the region. The Meriç River is the largest water 
basin – a source of fresh water in the region with a 
catchment area of approximately 52,600 km 2. 
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VI LIST OF INDICATORS FOR MONITORING WATER ECOSYSTEMS 
 
List of indicators by environmental components 
WATER 

Physicochemical parameters: 
- Conductivity 
- Temperature 
- pH / ORP - pH 
- Dissolved oxygen 
- fDOM - dissolved organic matter 
- Total Kjeldahl Nitrogen (N-NO 3 , N-NO 2 ) - Nitrogen according to Kjeldahl 
- Phosphates 
- Total carbon 
- Chlorophyll 
- Dissolved solids 
- Cloudiness 
- Salinity 

Additional indicators: 
1. Pesticides (28 organochlorine pesticides and polychlorinated biphenyls) – surface, water 

column and sediment; 
2. Gamma background; 
3. Field measurement of polymers in surface waters; 
4. Determination of micro polymers - surface, water column and sediment; 
5. Kjeldahl nitrogen in water - N-nitrate, N-nitrite. 
6. Determination of heavy metals 

CLIMATE 

• Air temperature; 
• Sea water temperature; 
• Amount of precipitation; 
• Atmospheric pressure; 
• Water Dew point; 
• Relative air humidity; 
• Wind direction – wind rose; 
• Wind speed; 
• Visibility; 
• Illumination, lx; 
• Equivalent noise level, dB(A). 

AIR 

• PM2.5; 
• PM10; 
• Black carbon; 



 
 

 
42 

 

 
 

• Gamma background. 
 

SOIL 

• Pesticides (28 organochlorine pesticides and polychlorinated biphenyls); 
• Gamma background; 
• Field measurement of polymers on the surface of soils; 
• Kjeldahl nitrogen in soils - N-nitrate, N-nitrite; 
• Determination of heavy metals. 

OVERALL OBSERVATION OF THE ECOSYSTEM: 

• Mapping, 360 °elevation surveying of sampling points, in two elevation modes to account 
for ecological status and ecosystem change. 

• Assessment of anthropogenic load with waste in the area of sampling points - determination 
of the amount and type of collected waste. 
ASSESSMENT OF BIOCENOUS RESOURCES 

• Qualitative and quantitative composition of residual material (shells) of biocenous 
organisms; 

• Structure and phase composition of residual material from biocenous organisms; 
• Thermal properties of residual material from biocenous organisms; 
• S BET – Specific surface area; 
• UV- vis – Electronic spectra; 
• FT-IR – Functional Groups; 
• XPS - Surface Analysis. 

 
Specific monitoring indicators for the regions 
Burgas region 
Micropolymers in aquatic organisms 
Heavy metals in aquatic organisms (freshwater) 
Elemental composition of the shells of biocenous organisms 
Chitin and chitosan 
Hydroxyapatite – nanomaterial 
Bioceramics  
Edirne region 
Content of heavy metals in aquatic organisms 
Pesticide content in aquatic organisms 
Levels of natural radioactivity in sediment 
Elemental composition of the shells of biocenous organisms 
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VII APPROACHES TO MONITORING AND EVALUATION  
 
General principles of sampling and analysis  
Surface and marine waters 
Each sample is processed according to a certain methodology, which includes the main stages of 
sample preparation: 

– separation; 
– sedimentation; 
– decanting the supernatant; 
– filtering - with 0.45µm filters; syringe filters; 
– preliminary preparation of samples for physicochemical analysis. 

Nitrogen determination by Kjeldahl 
Тhe in-house laboratory method applies determination of Kjeldahl nitrogen for surface water. The 
sample is homogenized and dissolved in hot concentrated acid to convert the organic matter into 
ammonia, followed by distillation into an acid absorbing solution, and the total organic nitrogen 
is determined by titration. 
Determining indicators related to water quality and Chlorophyll A using a Multiparametric Probe  
The in- house laboratory method is applicable for determining parameters related to water quality: 
conductivity, temperature, pH, turbidity, dissolved oxygen, dissolved organic matter and 
Chlorophyll A. The method is based on in situ monitoring of surface waters with the 
Multiparameter probe. 
Determination of physicochemical indicators by Spectrophotometer DR 3900 VIS  
The analytical method is based on spectrometric measurement of physicochemical indicators of 
surface waters using a DR 3900 VIS Spectrophotometer. 
Determination of conductivity and pH using a portable electrochemical analysis system 
The methods for monitoring conductivity and pH parameters are based on electrochemical 
measurement. 
Micropolymers from surface, water column and sediment 
Water column and surface of surface water 
Each sample is processed according to a certain methodology, which includes the main stages of 
sample preparation: 

– extraction by flotation with saturated salt solutions of high density (NaCl, ZnCl2 , NaI); 
– filtration with filters of different pore sizes (0.20; 0.45; 0.80 µm). 
– purification from organic and inorganic substances stuck to the micropolymers. 

Sediment from surface water is subject to: 
– drying; 
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– sifting; 
– extraction by flotation with saturated salt solutions of high density (NaCl, ZnCl2 , NaI); 
– filtration with 0.45µm filters and syringe filters; 
– purification from organic and inorganic substances stuck to the micropolymers. 

Determination of micropolymers 
The in-house laboratory method refers to the determination of the type, size and amount of 
micropolymers. Micropolymers are determined with an apparatus based on infrared spectroscopy 
and with a microscope. Infrared spectroscopy offers the ability to precisely identify polymer 
particles according to their characteristic IR spectra. Polymers possess highly specific infrared 
spectra with distinct band patterns, making infrared spectroscopy an optimal technique for the 
identification of micropolymers. 

 
Content of metals and metalloids by inductively coupled plasma mass spectrometry (ICP-MS) 
Water 
Operating range depends on the matrix and the interference encountered. In drinking water and 
relatively uncontaminated waters, the limit of quantification (xLQ) is between 0.002 µg/l and 1.0 
µg/l for most elements. The working range usually covers concentrations between a few pg/l and 
mg/l depending on the element and some specific requirements. 
Limits of quantitation for most elements are affected by blank contamination and depend primarily 
on available laboratory climate facilities, reagent purity, and glassware cleanliness. 
The application of ICP-MS analysis requires that the conductivity value of the water sample be 
below 2700 µS/cm. At a value above the specified ones, dilution is recommended. 
Soils 
The in-house laboratory method applies to determining the content of elements (As, Fe, Hg, Cd, 
Co, Mn, Cu, Ni, Pb, Se, Cr, Zn, Al, Ba, Na, B, Mg, K, Tl) in decomposed or extracted solutions 
from soils with ICP-MS. The method of determination is applicable to extracts from soils obtained 
by decomposition with aqua regia. EPA method 3051a and Thermo Scientific methodology was 
used for the preparation of the in-laboratory method. 
The soil samples are dried in the air or in a dryer at a temperature not higher than 40°C. The time 
for drying depends on different factors: the type of material, the thickness of the layer, the initial 
moisture of the material, the humidity of the air, etc. Drying continues until the weight loss is no 
more than 5% in 24 hours. 
This is followed by sieving through a sieve with φ < 2 mm and subsequent grinding or grinding of 
the sample to sizes < 250 µm before decomposition with aqua regia. The dried sample is 
decomposed with a mixture of k. hydrochloric/nitric acid (3:1) in a microwave system at specified 
mode, after which the clarified extract was filtered into a 100 ml volumetric flask, made up to the 
mark with ultrapure water and read on ICP-MS. 
Fish 
The in-house laboratory method refers to determining the content of elements (As, V, Fe, Hg, Cd, 
Co, Mn, Cu, Ni, Pb, Se, Ag, U, Cr, Zn, Al, Li, Sr) in decomposed or extracted solutions from fish 
by ICP-MS. The determination method is applicable to fish extracts obtained by acid digestion. 
The methodology of AOAC Official Method 2015.01 Heavy Metals in Food and Thermo 
Scientific was used for the preparation of the laboratory method. 
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Fish samples were frozen at -20°C in a lyophilizer for 24 hours. The lyophilized sample was 
homogenized using a mill to increase the efficiency of acid digestion due to the increase in surface 
area. 
The dried sample is decomposed with a mixture of concentrated nitric acid/hydrochloric acid 
(13:1) in a microwave system at specified mode, after which the clarified extract was filtered into 
a 100 ml volumetric flask, topped up to the mark with ultrapure water and recorded on ICP-MS. 
PM2.5 and PM10 
Standard gravimetric method for determining the mass concentrations of PM2.5 and PM10 of 
suspended particles in ambient air by sampling the particles on filters and weighing them using a 
scale. The measurements are carried out with sampling devices with special designs at the inlet, 
operating at a nominal flow rate of 2.3 m3 /h, for a nominal sampling period of 24 h. 
The results of the measurements are expressed in µg/m3, where the air volume is the volume under 
ambient conditions near the inlet at the time of sampling. The application range is from 
approximately 1 µg/m3 to 150 µg/m3 for PM10 and 120 µg/m3 for PM2.5 . 
The range of application of the European standard for the analysis of fine particulate matter (PM) 
is approximately from 1 μg/m3 (the detection limit of the standard measurement method, expressed 
as its uncertainty) to over 120 μg/m3 for PM2.5. Although the European standard has not been 
validated for higher concentrations, its scope of application can safely be extended to ambient air 
concentrations above about 200 μg/m3 using suitable filter materials. 
Light scattering airborne particle counter for clean spaces 
The air particle counter contains a laser sensor unit. It uses a vacuum or other method of moving 
air to force the air through the laser sensor unit where the particles are counted and sized. 
PM2.5 and PM10 

PM2.5 and PM10 – Optical analysis 
Black carbon in PM 
The Aethalometer®, Model AE33 includes the patented DualSpot™ measurement method. The 
method is based on the collection of aerosol particles continuously by drawing out the stream of 
aerosol air through a spot on the filter strip. It analyzes the aerosol by measuring light transmission 
through a portion of the filter strip containing the sample against transmission through an unloaded 
portion of the filter strip acting as a reference zone. 
Analysis is performed at seven optical wavelengths spanning the near-infrared to near-ultraviolet 
range. The aethalometer calculates the instantaneous concentration of optically absorbing aerosols 
from the rate of change of attenuation of the light transmitted through a particle-laden filter. 
Determination of the content of organochlorine pesticides and polychlorinated biphenyls by the 
method of gas chromatography combined with a triple quadrupole mass spectrometer (GC-MS) 
The methods are applicable for the quantitative determination of selected organochlorine 
pesticides and polychlorinated biphenyls in water and soil. After preliminary extraction, 
purification and concentration, the sample is analyzed by means of a gas chromatograph coupled 
with a mass spectrometer, where the separation, identification and quantification of the selected 
compounds takes place. The lower limit of the working range depends on the matrix, the compound 
to be analyzed, and the sensitivity of the mass spectrometric detection device. 



 
 

 
46 

 

 
 

Determination of radiation gamma background and atmospheric radioactivity 
Background gamma radiation and atmospheric radioactivity is determined with a portable hand-
held electronic instrument used for radiation detection, in units of µSv/h. The detector for the 
determination is Geiger Muller counter (GM) type for isotopes which emit beta and gamma 
radiation. The instrument uses an energy-compensated GM probe for gamma-emitting isotopes 
with an energy range from 40 keV to 1.5 MeV/h. Sensitivity - 0.83 c/s for µSv / h. Accuracy - ± 
15%. The measuring device is placed in an open environment, away from buildings or vegetation, 
to avoid interference in measurements at the same height (at about 1m). Ionization method is used, 
in which the value of the reported radioactivity is determined on the basis of the flowing ionization 
flow (current). 
Noise 
The ISO 1996-1:2016 standard defines the basic quantities to be used to describe environmental 
noise and the basic assessment procedures. It also offers methods for assessing noise from natural 
sources and provides guidance for predicting the potential irritation response of humans to long-
term exposure to various types of environmental noise. Sound sources can be separate or in 
combinations. The application of the irritation response prediction method is limited to residential 
areas. 
Sounds are evaluated individually or in combination, depending on the need of the responsible 
authorities, the special characteristics of their impulsivity, tonality and low-frequency content, as 
well as for the different characteristics of road traffic noise, other forms of transport noise (such 
as aircraft noise) and industrial noise. 
The ISO 1996-1:2016 standard does not specify ambient noise levels. 
The ISO 1996-2:2017 standard contains approaches for determining sound pressure levels as a 
basis for assessing environmental noise limits or when comparing scenarios in spatial studies. The 
determination can be made by direct measurement or by extrapolation of the measurement results 
by calculation. Often the results of measurements are combined with calculations to adjust for 
reference operating or propagation conditions other than those during the actual measurement. 
This document can be applied to all types of environmental noise sources, such as road and rail 
traffic noise, aircraft noise and industrial noise. 
Processing of shells of biocenous organisms 
Pre-treatment (cleaning, crushing and grinding) of shells of biocenous organisms 
The shells separated by type and size are initially cleaned with distilled water and a brush to 
remove loosely attached biogenic (algae, etc.) and inorganic particles (sediment, etc.). Washed, 
they were placed in a vacuum oven at 100°C for 2 hours. The shells are then crushed and ground. 
The resulting powder is stored in hermetically sealed containers to avoid contamination and 
absorption of moisture. 
Determination of the granulometric composition of powdered material from the shells of 
biocenous organisms 
The in-house laboratory method refers to the determination of the granulometric composition of 
powdered material from pre-processed (ground) freshwater shells by means of sieve analysis. 
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The analysis of the materials is carried out with a vibrating machine, in which sieves with different 
hole sizes are located. The granulometric composition is characterized by the size of individual 
particles and the content of particles of a certain size (fraction), expressed as a percentage of the 
total mass of the material. The method boils down to separating the material into fractions by 
sieving through a set of sieves of different sizes and determining the residue on each sieve. 
 
Determination of the moisture content of powdered material from the shells of biocenous 
organisms 
The in-house laboratory method refers to the determination of the moisture content of powdered 
material from freshwater shells of biocenous organisms. A sample of powdered material was dried 
in a vacuum oven to constant weight at 105°C±2°C for 2 hours. Drying is repeated until two 
consecutive weighings do not differ by more than 0.05 mg. The ratio between the water contained 
in the material and the weight of the material determines the moisture content. The moisture 
content of the material is calculated by a formula. 
Determining the density of powdered material from shells of biocenous organisms 
The in-house laboratory method refers to the determination of bulk and true density of powdered 
material from freshwater shells of biocenous organisms. 
Extraction of valuable biological substances from freshwater organisms (biocenous resources) - 
chitin and chitosan 
The in-house laboratory method refers to the extraction of valuable biological substances from 
freshwater organisms (biocenous resources) - chitin and chitosan. The powdery material, pre-
processed and analyzed by the previous methods, is subjected to a chemical method for extracting 
the chitin contained in the shells of biocenous organisms. Stages include: demineralization, 
deproteinization. Deacetylation is the third step to extract chitosan from chitin. Standard methods 
ASTM F2260-03(2012)-1 and ASTM F2602-1 were used. 
Preparation of hydroxyapatite nanopowders by chemical method 
The in-house laboratory methodology describes a chemical method for obtaining hydroxyapatite 
nanopowders from the shells of biocenous organisms. A solution of H3 PO4 corresponding to the 
stoichiometric molar ratio Ca/P = 1.667 is added to a certain amount of ground powder material 
with a dispersion of 100 µm and distilled water. The reaction proceeded for 8 hours with 
continuous stirring and maintaining the temperature of the solution at 80°C. The powders were 
then removed from the liquid by filtration and dried at 100°C overnight in a vacuum oven. The 
finished powders are calcined using a high-temperature electric furnace at temperatures above 
800°C for 4 hours in air. 
Preparation of calcium citrate from shells of biocenous organisms 
The in-house laboratory method describes the preparation of calcium citrate from the shells of 
biocenous organisms. 
 
Sampling methods and indicator analysis  
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Ecosystem LAKE 
 

Table 4 Methods for sampling and analysis by indicators 
Element Unit Sampling 

method 
Sampling 
frequency 

Number of 
samples 

Analysis method/s 

pH/ ORP-pH – BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 10523 
ILM No. 5.1; ILM No. 

6.1; 

Electrical 
conductivity 

mS/cm, 
µS/cm 

BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN 27888 
ILM No. 5.1; ILM No. 

6.1; 

Dissolved 
oxygen/oxygen 
saturation 

mg/l, % BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 25814 
ILM No. 5.1; VVLM 

No. 6.1; 

FDOM – Dissolved 
organic matter 

ppb 
QSU 

BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

ILM No. 6.1 

Kjeldahl Nitrogen mg/l BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6 :2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN 25663:2000 
ILM No. 4.1; 

Total phosphorus 
(as P) 

mg/l BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 6878:2005 
ILM No. 6.1; 

Orthophosphates 
(as P) 

mg/l BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 6878:2005 
ILM No. 6.1; 

Total organic 
carbon (TOC, 
TIC) 

mg/l BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS ISO 1484 
ILM No. 6.1; 
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Chlorophyll A μg/l 
Chl, 
RFU 

BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN 10260 
ILM No. 6.1; 

 

Total Dissolved 
Solids (TDS, TSS) 

mg/l BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN 872:2006 
ILM No. 5.1; 

Opacity/Transpar
ency 

FNU BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

ILM No. 6.1; 

Salinity ‰, ppt BDS ISO 
5667-4:2016; 
BDS EN ISO 
5667-6:2016; 

BDS ISO 
5667-9:2002; 

water samples - 
every month; 

water samples 
- 180; 

ILM No. 6.1; 

Micropolymers in 
water surface 

g/L; g/ 
km2 

Plankton net 
method (good 

practices) 

Once a month 5 samples 
each from the 
ecosystem 

IR spectroscopy 

Micropolymers in 
the water column 

g/L; BDS EN ISO 
5667-2:2007; 

BDS ISO 
5667-4:2016; 
ISO 5667 – 

9:2002; 
ISO 5667-

6:2014 

Once a month 5 samples 
each from the 
ecosystem 

IR spectroscopy 

Micropolymers in 
sediment 

g/kg BDS EN ISO 
5667-19:2004; 
BDS EN ISO 
5667-12:2017 

Once a month 5 samples 
each from the 
ecosystem 

IR spectroscopy 

Aluminum Al µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils, sediments 
and fish - once a 
quarter 

water samples 
- 180; soils, 
sediments and 
fish - 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; ILM No. 9.1; 

Arseium As µg/L; 
mg/kg 

Copper Cu µg/L; 
mg/kg 

Chromium Cr 
Total 

µg/L; 
mg/kg 

Iron Fe µg/L; 
mg/kg 

Manganese Mn µg/L; 
mg/kg 

Uranium U µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 

water samples - 
every month; 

water samples 
- 180; fish - 45 

BDS EN ISO 17294-2: 
2016; 
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5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 

fish - once a 
quarter 

ILM No. 7.1; ILM No. 
9.1;; 

Zinc Zn µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils, sediments 
and fish - once a 
quarter 

water samples 
- 180; soils, 
sediments and 
fish - 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; ILM No. 9.1;; 

Nickel Ni µg/L; 
mg/kg 

Cadmium Cd µg/L; 
mg/kg 

Lead Pb µg/L; 
mg/kg 

MercuryHg µg/L; 
mg/kg 

Boron B µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils and 
sediments - 
once a quarter 

water samples 
- 180; soils 
and sediments 
- 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; 

Barium Ba µg/L; 
mg/kg 

Cobalt Co µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils, sediments 
and fish - once a 
quarter 

water samples 
- 180; soils, 
sediments and 
fish - 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; ILM No. 9.1; 

Natrium Na µg/L; 
mg/kg 

BDS EN ISO 
5667-12:2017; 

BDS ISO 
18400-

102:2019 

Surface water 
samples - every 
month; soils and 
sediments - 
once a quarter 

water samples 
- 120; soils 
and sediments 
- 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; 

Selenium Se µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils, sediments 
and fish - once a 
quarter 

water samples 
- 180; soils, 
sediments and 
fish - 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; ILM No. 9.1; 
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Silver Ag µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016 

water samples - 
every month; 
fish - once a 
quarter 

water samples 
- 180; fish - 45 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
9.1; 

Beryllium Be µg/L BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 17294-2: 
2016 

Magnesium Mg mg/L; 
mg/kg 

BDS EN ISO 
5667-12:2017; 

BDS ISO 
18400-

102:2019 

Surface water 
samples - every 
month; soils and 
sediments - 
once a quarter 

water samples 
- 120; soils 
and sediments 
- 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; 

Potassium K mg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 
18400-

102:2019 

water samples - 
every month; 
soils and 
sediments - 
once a quarter 

water samples 
- 180; soils 
and sediments 
- 45 each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
8.1; 

Bismuth Bi µg/L BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples - 
every month; 

water samples 
- 180; 

BDS EN ISO 17294-2: 
2016; 

Lithium Li µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples - 
every month; 
fish - once a 
quarter 

water samples 
- 180; fish - 45 
each 

BDS EN ISO 17294-2: 
2016; 

ILM No. 7.1; ILM No. 
9.1; 

PM 2.5 μg / m3 gravimetric 
measurement 

Once every 3 
days 120 per year Weight analysis 

PM 10 μg / m3 gravimetric 
measurement 

Once every 3 
days 120 per year Weight analysis 

PM 2.5 μg / m3 Particle counter Once a month 12 per year Optical analysis 
PM 10 μg / m3 Particle counter Once a month 12 per year Optical analysis 

Black Carbon μg / m3 DualSpot™ Once every 3 
days 120 per year Optical absorption 

Radiation gamma 
background 

from 
0.06 to 
0.40 
µSv/h 

Portable 
dosimeters 
TERRA 
ECOVISION/ 
SOECS 
Voltcraft 

Once a month 

Two types of 
reading at 1 m 
and at 10 cm 
from the 
ground surface 

Ionization method 
A Geiger-Muller counter 
type detector is used 
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Organochlorine 
pesticides 

• Leads 
• Soils 

μg/ L 
mg/kg  

It depends on 
the current state 
of the 
ecosystem 

 
Gas chromatography-
mass spectrometry 
(GC/MS) 

Polychlorinated 
biphenyls 

• Leads 
• Soils 

 
 
μg/ L 
mg/kg 

 

It depends on 
the current state 
of the 
ecosystem 

 
Gas Chromatography - 
Mass Spectrometry 
(GC/MS) 

Noise 
• Leq 
• Min 
• Max 

dB(A) PCE-322A Once a month 300+ per point microphone 

A freshwater clam 
 

Shells Sampling of 
shells from 
freshwater 
biocenous 
organisms. 
Place the 
shells in sterile 
bags, store in 
refrigerated 
bags and 
transport to 
the ABT 
laboratory. 

Seasonal 4 ILM-1-ABT 

Shells Fractio
nal 
compos
ition 

Sieve analysis  4 ILM-2-ABT 

Moistur
e, % 

Determination 
of moisture 
content 

 4 ILM-3-ABT 

Density Pycnometric 
and bulk 

 4 ILM-4-ABT 

Chitin 
content 

Demineralizati
on and 
deproteinizatio
n 

 4 ILM-5-ABT 

Surface 
element
al 
compos
ition 

X-ray 
photoelectron 
spectroscopy 

 4 ILM-6-ABT 

Therma
l 
stabilit
y 

Thermogravim
etry and 
differential 
scanning 
calorimetry 

 4 ILM-7-ABT 

Structu
re and 
phase 
compos
ition 

Powder 
diffraction 

 4 ILM-8-ABT 
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Qualita
tive 
and 
quantit
ative 
compos
ition 

Spectroscopy 
in the 
ultraviolet and 
visible regions 

 4 ILM-9-ABT 

Functio
nal 
groups 

Infrared 
spectroscopy 

 4 ILM-10-ABT 

 

 
 
SEA ecosystem 
 
Table 5 Sampling methods and analysis by indicators (sea) 
 

Element Unit Sampling 
method 

Sampling 
frequency 

Number of 
samples 

Analysis method/s 

pH/ ORP-pH – BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 10523 
ILM No. 4.3; 

Electrical 
conductivity 

mS/cm, 
µS/cm 

BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 27888 
ILM No. 4.3; 

Dissolved 
oxygen/oxygen 
saturation 

mg/l, % BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 25814 
ILM No. 4.3; 

FDOM – 
Dissolved 
organic matter 

ppb QSU BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 
8467:2001; BDS EN 

1899-2:2004 
ILM No. 4.3; 

Chlorophyll A μg/l Chl, 
RFU 

BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 10260 
ILM No. 4.3; 

Opacity/Transpa
rency 

FNU BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 
BDS ISO 5667-

9:2002; 

water samples 
- every 
month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 7027-
2:2019 

ILM No. 4.3; 

Salinity ‰, ppt BDS ISO 5667-
4:2016; BDS EN 
ISO 5667-6:2016; 

water samples 
- every 
month; 

5 samples 
each from 

BDS EN 27888:2000 
ILM No. 4.3; 
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BDS ISO 5667-
9:2002; 

the 
ecosystem 

Micropolymers 
in water surface 

g/L; g/ km2 Plankton net 
method (good 

practices) 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 

Micropolymers 
in the water 
column 

g/L; BDS EN ISO 
5667-2:2007; 

BDS ISO 5667-
4:2016; 

ISO 5667 – 
9:2002; 

ISO 5667-6:2014 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 

Micropolymers 
in sediment 

g/kg BDS EN ISO 
5667-19:2004; 
BDS EN ISO 
5667-12:2017 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 

Aluminum Al µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 18400-

102:2019 

water samples 
- every 
month; soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 Arseium As µg/L; 
mg/kg 

Copper Cu µg/L; 
mg/kg 

Chromium Cr 
Total 

µg/L; 
mg/kg 

Iron Fe µg/L; 
mg/kg 

Manganese Mn µg/L; 
mg/kg 

Uranium U µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 

water samples 
- every 
month; fish - 
once a quarter 

water 
samples - 
180; fish - 45 

ILM No. 7.3; 
ILM No. 9.3 

Zinc Zn µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 18400-

102:2019 

water samples 
- every 
month; soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 Nickel Ni µg/L; 
mg/kg 

Cadmium Cd µg/L; 
mg/kg 

Lead Pb µg/L; 
mg/kg 

MercuryHg µg/L; 
mg/kg 

Boron B µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

water samples 
- every 
month; soils 
and sediments 
- once a 
quarter 

water 
samples - 
180; soils 
and 
sediments - 
45 each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 Barium Ba µg/L; 
mg/kg 
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5667-12:2017; 
BDS ISO 18400-

102:2019 
Cobalt Co µg/L; 

mg/kg 
BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 18400-

102:2019 

water samples 
- every 
month; soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 

Natrium Na µg/L; 
mg/kg 

BDS EN ISO 
5667-12:2017; 

BDS ISO 18400-
102:2019 

Surface water 
samples - 
every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
120; soils 
and 
sediments - 
45 each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 

Selenium Se µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 18400-

102:2019 

water samples 
- every 
month; soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

ILM No. 7.3; ILM 
No. 8.3; 

ILM No. 9.3 

Silver Ag µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016 

water samples 
- every 
month; fish - 
once a quarter 

water 
samples - 
180; fish - 45 

ILM No. 7.3; 
ILM No. 9.3 

Beryllium Be µg/L BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples 
- every 
month; 

water 
samples - 
180; 

ILM No. 7.3 

Magnesium Mg mg/L; 
mg/kg 

BDS EN ISO 
5667-12:2017; 

BDS ISO 18400-
102:2019 

Surface water 
samples - 
every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
120; soils 
and 
sediments - 
45 each 

ILM No. 7.3; ILM 
No. 8.3 

Potassium K mg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

water samples 
- every 
month; soils 
and sediments 
- once a 
quarter 

water 
samples - 
180; soils 
and 
sediments - 
45 each 

ILM No. 7.3; ILM 
No. 8.3 
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5667-12:2017; 
BDS ISO 18400-

102:2019 
Bismuth Bi µg/L BDS EN ISO 

5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples 
- every 
month; 

water 
samples - 
180; 

ILM No. 7.3 

Lithium Li µg/L; 
mg/kg 

BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples 
- every 
month; fish - 
once a quarter 

water 
samples - 
180; fish - 45 
each 

ILM No. 7.3; 
ILM No. 9.3 

PM 2.5 μg / m3 Particle counter Once a month 12 per year Optical analysis 
PM 10 μg / m3 Particle counter Once a month 12 per year Optical analysis 

Black Carbon μg / m3 DualSpot™ Once every 3 
days 120 per year Optical absorption 

Radiation 
gamma 
background 

from 0.06 
to 0.40 
µSv/h 

Portable dosimeters 
TERRA 
ECOVISION/ 
SOECS 
Voltcraft 

Once a month 

Two types of 
reading at 1 m 
and at 10 cm 
from the 
ground 
surface 

Ionization method 
A Geiger-Muller 
counter type detector is 
used 

Organochlorine 
pesticides 

• Leads 

μg/ L 
mg/kg  

It depends on 
the current 
state of the 
ecosystem 

 
Gas chromatography-
mass spectrometry 
(GC/MS) 

Polychlorinated 
biphenyls 

• Leads 

 
 
μg/ L 
mg/kg 

 

It depends on 
the current 
state of the 
ecosystem 

 
Gas Chromatography - 
Mass Spectrometry 
(GC/MS) 

Noise 
• Leq 
• Min 
• Max 

dB(A) PCE-322A Once a month 300+ per 
point Microphone 

Black clam 
White clam 
Rapan 
 

Shells Sampling of 
shells from 
saltwater 
biocenous 
organisms. Place 
the shells in 
sterile bags, store 
in refrigerated 
bags and transport 
to the ABT 
laboratory. 

Seasonal 4 ILM-1-ABT 

Shells Fractional 
compositio
n 

Sieve analysis  4 ILM-2-ABT 

Moisture, 
% 

Determination of 
moisture content 

 4 ILM-3-ABT 
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Density Pycnometric and 
bulk 

 4 ILM-4-ABT 

Chitin 
content 

Demineralization 
and 
deproteinization 

 4 ILM-5-ABT 

Surface 
elemental 
compositio
n 

X-ray 
photoelectron 
spectroscopy 

 4 ILM-6-ABT 

Thermal 
stability 

Thermogravimetr
y and differential 
scanning 
calorimetry 

 4 ILM-7-ABT 

Structure 
and phase 
compositio
n 

Powder 
diffraction 

 4 ILM-8-ABT 

Qualitative 
and 
quantitativ
e 
compositio
n 

Spectroscopy in 
the ultraviolet and 
visible regions 

 4 ILM-9-ABT 

Functional 
groups 

Infrared 
spectroscopy 

 4 ILM-10-ABT 

 
 
Ecosystem RIVER 
 
Table 6 Sampling methods and analysis by indicators 

Element Unit Sampling 
method 

Sampling 
frequency 

Number of 
samples 

Analysis method/s 

pH/ ORP-pH – BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 
10523 

ILM No. 4.2 

Electrical 
conductivity 

mS/cm, 
µS/cm 

BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 27888 
ILM No. 4.2 

Dissolved 
oxygen/oxygen 
saturation 

mg/l, % BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 
25814 

ILM No. 5.2; 

FDOM – 
Dissolved 
organic matter 

ppb QSU BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-6 

water samples 
- every month; 

5 samples 
each from 

BDS EN ISO 
8467:2001; BDS EN 

1899-2:2004 
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:2016; BDS ISO 
5667-9:2002; 

the 
ecosystem 

ILM No. 5.2; 

Kjeldahl 
Nitrogen 

mg/l BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 25663:2000 
ILM No. 1; 

Total phosphorus 
(as P) 

mg/l BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 
6878:2005 
ILM No. 3; 

Orthophosphates 
(as P) 

mg/l BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 
6878:2005 
ILM No. 3; 

Total organic 
carbon (TOC, 
TIC) 

mg/l BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS ISO 1484 
ILM No. 3; 

Chlorophyll A μg/l Chl, 
RFU 

BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 10260 
ILM No. 5.2; 

Total Dissolved 
Solids (TDS, 
TSS) 

mg/l BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 872:2006 
ILM No. 5.2; 

Opacity/Transpa
rency 

FNU BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN ISO 7027-
2:2019 

ILM No. 5.2; 

Salinity ‰, ppt BDS ISO 5667-
4:2016; BDS 

EN ISO 5667-
6:2016; BDS 

ISO 5667-
9:2002; 

water samples 
- every month; 

5 samples 
each from 
the 
ecosystem 

BDS EN 27888:2000 
ILM No. 5.2; 

Micropolymers 
in water surface 

g/L; g/ km2 Plankton net 
method (good 

practices) 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 



 
 

 
59 

 

 
 

Micropolymers 
in the water 
column 

g/L; BDS EN ISO 
5667-2:2007; 

BDS ISO 5667-
4:2016; 

ISO 5667 – 
9:2002; 

ISO 5667-
6:2014 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 

Micropolymers 
in sediment 

g/kg BDS EN ISO 
5667-19:2004; 
BDS EN ISO 
5667-12:2017 

Once a month 5 samples 
each from 
the 
ecosystem 

IR spectroscopy 

Aluminum Al µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

water samples 
- every month; 
soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM 
No. 8.2; ILM No. 

9.2; 

Arseium As µg/L; mg/kg 
Copper Cu µg/L; mg/kg 
Chromium Cr 
Total 

µg/L; mg/kg 

Iron Fe µg/L; mg/kg 
Manganese Mn µg/L; mg/kg 

Uranium U µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 

water samples 
- every month; 
fish - once a 
quarter 

water 
samples - 
180; fish - 
45 

BDS EN ISO 
17294-2: 2016; 
ILM No. 9.2; 

Zinc Zn µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

water samples 
- every month; 
soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2; ILM No. 9.2; 

Nickel Ni µg/L; mg/kg 
Cadmium Cd µg/L; mg/kg 
Lead Pb µg/L; mg/kg 
MercuryHg µg/L; mg/kg 

Boron B µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

water samples 
- every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
180; soils 
and 
sediments - 
45 each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2; 

Barium Ba µg/L; mg/kg 

Cobalt Co µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 

water samples 
- every month; 
soils, 
sediments and 

water 
samples - 
180; soils, 
sediments 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2; VVLM No. 9.2; 
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BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

fish - once a 
quarter 

and fish - 45 
each 

Natrium Na µg/L; mg/kg BDS EN ISO 
5667-12:2017; 

BDS ISO 
18400-102:2019 

Surface water 
samples - 
every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
120; soils 
and 
sediments - 
45 each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2; 

Selenium Se µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

water samples 
- every month; 
soils, 
sediments and 
fish - once a 
quarter 

water 
samples - 
180; soils, 
sediments 
and fish - 45 
each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2; ILM No. 9.2; 

Silver Ag µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016 

water samples 
- every month; 
fish - once a 
quarter 

water 
samples - 
180; fish - 
45 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
9.2;; 

Beryllium Be µg/L BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples 
- every month; 

water 
samples - 
180; 

BDS EN ISO 
17294-2: 2016 

 

Magnesium Mg mg/L; mg/kg BDS EN ISO 
5667-12:2017; 

BDS ISO 
18400-102:2019 

Surface water 
samples - 
every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
120; soils 
and 
sediments - 
45 each 

BDS EN ISO 
17294-2: 2016; 
VVLM No. 7.2 

Potassium K mg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 
BDS EN ISO 

5667-12:2017; 
BDS ISO 

18400-102:2019 

water samples 
- every month; 
soils and 
sediments - 
once a quarter 

water 
samples - 
180; soils 
and 
sediments - 
45 each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM No. 
8.2;; 

Bismuth Bi µg/L BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 

water samples 
- every month; 

water 
samples - 
180; 

BDS EN ISO 
17294-2: 2016 
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BDS EN ISO 
5667-6:2016; 

Lithium Li µg/L; mg/kg BDS EN ISO 
5667-1:2007; 
BDS EN ISO 
5667-3:2018; 
BDS EN ISO 
5667-6:2016; 

water samples 
- every month; 
fish - once a 
quarter 

water 
samples - 
180; fish - 
45 each 

BDS EN ISO 
17294-2: 2016; 

ILM No. 7.2; ILM 
No. 9.2 

PM 2.5 μg / m3 Particle counter Once a month 12 per year Optical analysis 
PM 10 μg / m3 Particle counter Once a month 12 per year Optical analysis 

Radiation 
gamma 
background 

from 0.06 to 
0.40 µSv/h 

Portable 
dosimeters 
TERRA 
ECOVISION/ 
SOECS 
Voltcraft 

Once a month 

Two types of 
reading at 1 m 
and at 10 cm 
from the 
ground 
surface 

Ionization method 
A Geiger-Muller 
counter type detector 
is used 

Organochlorine 
pesticides 

• Leads 
• Soils 

μg/ L 
mg/kg  

It depends on 
the current 
state of the 
ecosystem 

 

Gas 
chromatography-
mass spectrometry 
(GC/MS) 

Polychlorinated 
biphenyls 

• Leads 
• Soils 
 

 
 
μg/ L 
mg/kg 

 

It depends on 
the current 
state of the 
ecosystem 

 
Gas Chromatography 
- Mass Spectrometry 
(GC/MS) 

Noise 
• Leq 
• Min 
• Max 

dB(A) PCE-322A Once a month 300+ per 
point microphone 

River clam Shells Sampling of 
shells from river 
biocenous 
organisms. 
Place the shells 
in sterile bags, 
store in 
refrigerated 
bags and 
transport to the 
ABT laboratory. 

Seasonal 4 ILM-1-ABT 

Shells Fractional 
composition 

Sieve analysis  4 ILM-2-ABT 

Moisture, % Determination 
of moisture 
content 

 4 ILM-3-ABT 

Density Pycnometric 
and bulk 

 4 ILM-4-ABT 

Chitin 
content 

Demineralizatio
n and 
deproteinization 

 4 ILM-5-ABT 

Surface 
elemental 
composition 

X-ray 
photoelectron 
spectroscopy 

 4 ILM-6-ABT 
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Thermal 
stability 

Thermogravime
try and 
differential 
scanning 
calorimetry 

 4 ILM-7-ABT 

Structure 
and phase 
composition 

Powder 
diffraction 

 4 ILM-8-ABT 

Qualitative 
and 
quantitative 
composition 

Spectroscopy in 
the ultraviolet 
and visible 
regions 

 4 ILM-9-ABT 

Functional 
groups 

Infrared 
spectroscopy 

 4 ILM-10-ABT 

 
 
Reliability of data and results. Quality assuarance  
 
The International Organization for Standardization defines validation as confirming through 
examination and providing objective evidence that the specific requirements for a particular 
intended use have been met. According to this definition, a detailed study must be carried out 
proving that, when properly applied, the analytical method produces reliable results and confirms 
its effectiveness with a high degree of accuracy. 
There are several key steps that must be taken into account when validating analytical methods in 
order to obtain useful information from experimental data and to draw appropriate conclusions 
about the validity of the method. These steps are system qualification, sampling, sample 
preparation, data analysis and evaluation. 
Step 1: System qualification related to verification of: 

– the instrument, whether it is suitable for the intended analysis; 
– the applied materials (reagents, certified reference materials, external and internal 

standards, etc.), whether they have the necessary purity and quality for their use in analytical 
determinations; 

– the analysts, regarding their training and qualifications; 
– of the available documentation. 

Step 2: Sampling involves the selection of a representative portion of the material which is 
subsequently subjected to examination. Choosing an appropriate sampling method is important as 
it ensures that the sample selected is truly representative of the material as a whole and is applicable 
for statistical inference. 
Step 3: Sample preparation as a key element for successful method validation. Sample preparation 
accounts for 60-80% of the work and operating costs in analytical laboratories. The choice of a 
specific preparation procedure depends on the analytes, analyte concentrations, sample matrix, 
sample size, and instrumental technique. 
Step 4: Analysis to what extent the tool used to extract qualitative and/or quantitative information 
from the samples has an acceptable level of uncertainty. Analysis can generally be represented as 
a system having three interrelated basic elements, namely input → converter → output. The choice 
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of a particular assay is based on many considerations such as the chemical properties of the analyte 
species, the concentration of the analytes in the sample, the sample matrix, speed and cost, etc. 
Step 5: Data evaluation is about summarizing and presenting a particular set of data that is 
evaluated using mathematical and statistical approaches. Data evaluation allows useful 
information to be extracted and conclusions to be drawn about the validation process as a whole. 
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I. SOURCES OF DIFFUSE POLLUTION OF WATER BODIES  

The diffuse pollution is related to widespread anthropogenic activities carried out on specific areas 
– agricultural, forestry, domestic, transport, etc. The pollution may be a consequence of 
anthropogenic activities carried out on a significant scale elsewhere, but transported and deposited 
in the catchment as a result of atmospheric processes (atmospheric deposition). Sources that are 
essentially considered point sources (regulated and unregulated landfills, settlements, tailings 
impoundments, industrial sites), for various reasons such as poor drainage systems, lack of or poor 
sanitation, etc., may also contribute to diffuse pollution. While purely diffuse sources cannot be 
traced and directly limited, polluted water from point sources can be discharged and subjected to 
appropriate treatment for cleanup. For this reason, in this methodology, diffuse pollution of the 
environment, and water in particular, will be considered as pollution where it is not possible to 
take action directed at the source of the pollution itself, but efforts need to be directed at regulating 
and controlling the specific activity causing the pollution. These are: 
- Diffuse pollution from agricultural areas treated with fertilisers and plant protection products; 
- Diffuse pollution from animal farming activities and use of the resulting organic fertiliser; 
- Diffuse pollution from settlements with no or poorly functioning sewage systems and/or with 

unregulated municipal solid waste dumps, tailings dumps and effects of completed mining 
activities [1]; 

- Road and rail transport;  
- Atmospheric pollution. 

 

II DIFFUSE POLLUTION ASSESSMENT – DATA PROCESSING, 
ANALYSIS, INTERPRETATION AND REPORTING  

The assessment of the diffuse pollution in the aquatic ecosystems is an important step in water 
management and its mitigation. Establishing a methodology for assessing diffuse pollution 
involves a systematic approach to assessing the sources, extent and impacts of this type of 
pollution.  
The systematic evaluation approach is based on the following main stages: 

1. Defining goals and objectives - the goals and objectives of the assessment need to be 
defined, including the specific contaminants of concern (e.g. nutrients, sediments, pesticides), the 
target aquatic ecosystem(s), and the spatial and temporal scales of the study. 

2. Data collection - obtain relevant data on the land use, hydrology, meteorology and current 
status of the aquatic ecosystem under study. Both historical data and real-time data sources are 
used. Identification of potential pollution sources, including urban areas, agriculture, industrial 
sites and transport arteries. 

3. Establishment of a diffuse pollution assessment strategy - on the basis of the information 
collected, a monitoring and research program for diffuse pollution of the selected ecosystem is 
formulated collecting data on parameters describing the status of environmental components in the 
aquatic ecosystem under consideration: pollutant concentrations in air, water, soil, sediment; 
nutrients, chlorophyll and sediment in water; meteorology, etc. Selection of monitoring/sampling 
sites that are representative of different land uses and potential pollution sources. Determination 



 
 

3 
 

 

 

of frequency and duration of monitoring, taking into account seasonal variations and potential 
pollutant release patterns. 

4. Sampling and analysis of indicators - sampling should be carried out using standardised 
protocols to ensure consistency and accuracy of data. Samples are analysed for relevant parameters 
using appropriate laboratory techniques and standard methods. 

5. Data Analysis - Data collected is analyzed to identify trends, spatial patterns, and 
correlations between air pollution, land use, hydrologic factors, and water quality parameters. 
Statistical tools and possibly geographic information systems (GIS) are used to assess the 
relationships between diffuse sources of pollution and water quality. 

6. Source identification - modelling and spatial analysis techniques are used to identify the 
major sources of diffuse pollution and their contribution to aquatic ecosystem degradation. The 
aim is to quantify the relative impact of different pressures (e.g. agriculture, transport, industry, 
etc.) on water quality. 

7. Assessment of potential threats - the potential risks to the environment and human health 
associated with identified diffuse sources of pollution and concentrations of pollutants are 
assessed. 
Following the systematic assessment approach, strategies are developed to mitigate or reduce 
diffuse pollution in the ecosystem, including the implementation of better management practices 
for agriculture, urban stormwater, etc., and new regulatory measures. In this regard, continuous 
monitoring of the ecosystem is desirable to track the effectiveness of mitigation measures and 
make adjustments over time as necessary.  
Reporting results to the public, policy makers and other stakeholders through presentations, 
workshops and other outreach efforts is recommended. Stakeholders, including local communities, 
government agencies, and environmental organizations, should be contacted to share.  

Establishment of a strategy for the assessment of diffuse pollution, sampling and analysis of 
indicators 
Following a detailed analysis of existing data on land use, water quality, pollution sources and 
environmental conditions in the target area, a monitoring programme is formulated. The 
establishment of monitoring programmes and the collection of new data to assess diffuse pollution 
involves careful planning, allocation of resources and the use of appropriate methods. As a starting 
point, the objectives of the monitoring programme need to be narrowly assessed and specified. 
The locations where monitoring will be carried out, i.e. the sampling points, need to be identified. 
These sites should be strategically selected and representing different land uses, potential pollution 
sources and different points along the course within the catchment. The exact locations and depths 
for sample collection should be specified, taking into account factors such as discharge, surface 
runoff and groundwater inflow. It is also necessary to define what aspect of diffuse pollution will 
be assessed and to specify the parameters or contaminants to be measured. For example, nutrients 
(e.g., nitrogen and phosphorus), sediments, bacteria, heavy metals, organic pollutants, or specific 
chemicals associated with local sources of pollution may be of interest. These indicators should be 
analysed using appropriate methods and techniques. This includes water and soil sampling and air 
quality measurements. To ensure consistency and reliability of data, the use of validated and 
standardised methods is mandatory. The frequency and duration of monitoring should also be 
determined, taking into account seasonal variations, the specificity of the pollution and potential 
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release patterns. Quality assurance and quality control (QA/QC) procedures need to be 
implemented to ensure the accuracy and precision of the data. This includes instrument calibration, 
maintenance of proper sample handling protocols, analysis of control and certified samples. It is 
necessary to plan and provide the required monitoring equipment and resources, including water, 
air, soil, and sediment sampling devices, water quality meters, laboratory facilities, and trained 
personnel. Planning also includes anticipating and developing procedures for data analysis and 
interpretation - statistical analysis, trend analysis, and spatial mapping to identify pollution patterns 
and hot spots. A monitoring program is desirable to adapt based on initial results and changing 
conditions. Continuous improvement is essential to improve the effectiveness of the diffuse 
pollution assessment programme. 

Data analysis and identification of sources of diffuse pollution 
Various statistical tools, modelling techniques and spatial analysis are used to identify trends, 
spatial patterns and correlations between air pollution, land use, hydrological factors and water 
quality parameters, and to assess relationships between diffuse sources of pollution and water 
quality. 
The statistical approach to data analysis is based on univariate and multivariate analysis. The 
univariate analysis estimates pollution on the basis of single pollutants. Multivariate analysis is 
based on several criteria to assess the environmental status. One of the most applied methods is 
principal component analysis (PCA analysis). Its use allows to detect and determine the real 
factors controlling the state of the studied ecological system; to clarify and visualize the structure 
of the studied objects; as well as to model the studied system in view of the influence of the 
determined natural and anthropogenic factors. The software that administers the multivariate 
analysis presented is MatLab with Toolbox Statistics. 

Timeframe and programme of the study of the pilot ecosystem 
Component AIR 
Background monitoring with regard to atmospheric air, and more specifically the content of Black 
Carbon in PM2.5, was organized once per season for 4 weeks (28 days) - 15.10.22 - 20.11.22 
(autumn), 6.02.23 - 5.03.23 (winter), 24.04.23 - 21.05.23 (spring) and 24.07.23 - 22.08.23 
(summer). The sampling of PM2.5 was performed according to BS EN 12341:2014.  
For this purpose, two instruments were used: the first for the determination of the concentration of 
fine particulate matter in two size fractions, including those with aerodynamic diameters of 2.5 
and 10 microns, in microgram per cubic meter; the second for the determination of concentrations 
of Black Carbon in PM2.5 using a technique based on laser beam reflection instead of 
transmittance. 
 
Component WATER AND SOIL 
Water and soil sampling regarding the diffuse pollution study was conducted in the spring and 
summer of 2022. Water sampling was organized once a month from 01.04.22 - 30.06.22 (spring) 
and 04.07.22 - 30.09.22 (summer) from all selected points in the pilot ecosystems Karagach and 
Vaya. For Burgas Bay only points 4, 5 and 6 were studied in the mentioned period due to the most 
intensified anthropogenic influence in them. The collected water samples were sampled and 
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analysed according to the standard BS EN ISO 17294-2: 2016. Soil samples were collected at two 
depths of 0-10 cm and 10-40 cm according to BS ISO 18400-102:2019 monthly in the vicinity of 
the selected points on the Karaagach River during the specified period, and points 1, 3 and 5 were 
selected for the Vaya ecosystem. The reason for selecting these three points is their 
representativeness to different diffuse sources. The solid samples were processed and analysed 
according to Internal laboratory method 8.1-8.3. 
Water and sediment sampling was organized from all selected points in the pilot ecosystems Meriç, 
Dalyan and Saros Bay. The collected water samples were examined by YSKK (2021).  
Rainwater 
In selecting sampling points for stormwater, a sampling point was selected that is not directly 
impacted by point sources of pollution in all three ecosystems. It was considered that the point 
should be in an open area without forest vegetation in order to ensure that the collected rainwater 
is not run-off from the tree crown. The pilot rainwater monitoring was conducted using Multi 3630 
IDS instrumentation, the parameters - pH, temperature, salinity, dissolved solids and electrical 
conductivity of water were determined once for each season. 
Gamma background and radioactivity 
During the project months, measurements of gamma background over soil, sand and coastal 
sediment were made along the coast of the three studied water bodies - lake, river and Burgas Bay 
- Port of Burgas. The study was carried out initially with three and subsequently with four different 
field instruments - dosimeters, which also measure the radiation background in terms of ambient 
equivalent dose rate H*(10) in µSv per hour. The algorithm used to determine the surface gamma 
background has been developed for the purposes of the project in the Gamma Background 
Determination Method. Over 250 surface gamma background data from the three ecosystems were 
processed over a five month period, including July to December 2022. 

The gross alpha and gross beta radioactivity in sediment samples from sea ecosystem were defined 
using a total alpha-beta counting device with a semiconductor Passivated Implanted Planar Silicon 
(PIPS) detector operating at room temperature. The efficiency calibration of the device; was 
carried out with an alpha source containing 241Am, 237Np, and 244Cm, and a beta source containing 
90Sr/90Y. The efficiency was obtained by taking 5 repeated 90-minute counts with each source. 
Detector efficiency was calculated to be 33.7% for alpha and 25.3% for beta in the software of the 
device. 0.1 g (± 0.035 g) sediment samples were transferred to the planchette in accordance with 
the geometry of the total alpha-beta counting system. Counts were taken in 90 minutes and 1000 
minutes, with at least 3 repetitions. Minimum detectable activations are 2.63 for an alpha, and 20.2 

Bq/kg for beta activity of the device. The expanded uncertainties are uα , 6.2% and uβ , 5.37%. 

 

Data processing, analysis, interpretation and reporting 
Black Carbon. PM and meteorological factors 
Monitoring in Autumn 
The monitoring was held between 15 October and 20 November 2022 (35 days). The data are quite 
uniform, but the trend line shows an increase in black carbon and PM2.5 concentrations, which is 
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directly related to the beginning of the heating season and its characteristic meteorological 
specificity. The average wind speed during the study period was 3.76 m/s. The most frequent wind 
direction was reported to be from the north-northeast with the highest speed from this direction. 
The reported speeds are not sufficient for optimum dispersion of air pollutants and do not provide 
long-range transport and concentration reduction. Categorised as a stable atmosphere implies the 
trapping of pollutants and their uptake by aquatic and soil environments. 
Monitoring in winter 
For the observations carried out in the period 6 February - 5 March 2023 the data are again quite 
variable. There is a slight increasing trend in black carbon concentrations, while the trend is 
decreasing for PM2.5. Compared to the autumn campaign, during the winter campaign both 
indicators have lower concentrations. This is due to more stable atmospheric conditions in autumn. 
Spring monitoring  
Conducted between 24 April and 21 May 2023 (28 days). A slight increasing trend was observed 
for black carbon and FPH2.5. Compared to the autumn and winter campaigns, during the spring 
campaign both parameters had lower concentrations. The reason can be attributed to warming 
weather and less frequent use of residential heating stoves, as well as atmospheric conditions 
conducive to the dispersion of air pollutants. 
Summer monitoring 
Carried out between 24 July and 22 August 2023 (28 days). Compared to the previous three 
campaigns, as expected during the summer campaign both indicators had even lower 
concentrations. Due to the seasonal specificity (no use of solid fuel heaters), active mixing of air 
layers and better dispersion of pollutants is observed.  
In conclusion, of the four seasons studied, autumn is the most unfavourable due to the large 
temperature differences and the subsequent specificities associated with the accumulation of 
pollutants in the atmosphere. As expected, the summer season is the most favourable, which, in 
addition to having favourable meteorological specificities, is free of pollution load.  
Heavy metals and metalloids in waters and soils 
Vaya Lake  
Reported mean concentrations of the investigated toxic and heavy metals in surface water from 
Vaya Lake show a consistent trend of higher content in the spring of Al at all points, manganese 
(except point 4) and zinc (except point 5). Above the MAC values were recorded for aluminium 
at all points in spring and for manganese at all points except point 5 in spring and in summer for 
point 4. The reasons for the observed trends are likely to be the increased inflow of natural river 
water, which during this season is characterized by high aluminium and manganese contents. The 
suggestion of the possible use of aluminium salts as coagulants in the water treatment processes 
and the discharge of the water treatment plant into the lake cannot be dismissed. For the other 
heavy metals investigated, the amounts were found to be significantly below the established MACs 
and did not pose a potential hazard to the ecosystem investigated. 
A clear trend of decreasing aluminum, manganese, cobalt, and cadmium contents at depth was 
observed only for point 1 at the spring to summer transition. For the other two points, no such 
seasonal dependence is apparent. All averaged nickel concentrations at all three points and the 
spring averaged lead concentration at a depth of 10-40 cm at point 1 are above the normative 
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values. It is likely that the amount of lead has penetrated to depth through precipitation, with 
transport being the only source of lead at this point. Nickel contamination of the soils around Vaya 
Lake may be natural or anthropogenic. A natural source of nickel in soils is the weathering of soil 
minerals, causing chemical changes in their composition and leading to the release of more soluble 
forms of Ni. Anthropogenic nickel soil contaminants include various industries, road deposits and 
atmospheric deposition of gases from motor vehicles and refinery [2]. Based on the calculated 
environmental assessment indexes, a medium to high level of contamination is found at points 1, 
2, 3 and 6 in spring. The toxic metals assessment index and contamination extent have the highest 
values in point 6 due to positive high Al and Mn contamination factors. In contrast to spring, low 
contamination was recorded in the summer season, with only point 2 showing medium to high 
levels of Al and Mn contamination. It is likely that the self-cleaning capacity and freshwater inflow 
lower the risk of serious pollution of Vaya Lake. A moderate to extreme contamination of the 
investigated soils was found. The most serious contamination in point 1 was in spring, 
corresponding to extreme soil contamination (RI = 873.5), to severe contamination reported in 
summer (RI = 292.5). This is due to the high Pb and Hg content categorizing the soils as highly 
contaminated. Point 3 reported slight to moderate soil contamination in both seasons studied due 
to higher levels of Ni only. For the soils in point 5, there is a transition from strong to moderate 
contamination at the transition from spring to summer.  
Principal component analysis (PCA) was applied to detect and interpret latent interdependencies 
between the data. 

 
Fig. 1. Results of principal component analysis of toxic metals in Vaya Lake surface waters. 

Only points 4 and 5 (Fig. 1) can be separated into independent groups for the two seasons studied, 
while the remaining points have a significant difference in values by indicator and cannot be 
grouped. The soils of the three investigated points could not be separated by depth concentrations 
of toxic metals. The spring and summer seasons for the soils from point 1 differ in the amount of 
zinc in them. The content of Al, Mn, Cr, Ni and Co in the soils of point 3 and point 5 is different 
from that in point 1 due to the minerals present, i.e. it is natural. This means that the soil in point 
1 of Vaya Lake is influenced by anthropogenic origin. 
In conclusion, it can be summarized that the surface water of Vaya Lake in spring has medium to 
high level of pollution in points 1, 2, 3 and 6, with the most serious pollution in point 6 due to high 
concentrations of Al and Mn. During summer season, low pollution was recorded at all points, 
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which can be explained by the self-cleaning capacity and fresh water inflow. The seasonal 
transition leads to a decrease in the risk of serious contamination of Vaya Lake waters. Of the soils 
investigated from the three points, point 1 can be distinguished by its strong pollution and the 
presence of serious anthropogenic influence. The Vaya ecosystem should be continuously 
monitored for toxic metals in water and soils due to dynamic changes in their concentrations. 
 
Dalyan Lake 
Sampling for metal analysis in surface waters is carried out monthly between 09.2021-08.2022 at 
Dalyan Lagoon (6th and 7th sampling station). Sampling/analysis of water samples is carried out 
following the TSE (Turkish Standards Institute) standard method TS ISO 5667-12:1994-2016. It 
was carried out by following TS ISO 18400-102: 2021-02 standard sampling methodology. After 
the samples were filtered through a filter with a pore size of 0.45 μm, they were stored in the 
refrigerator and then used for analysis. 
The analysis of metal/metalloid elements was performed with ICP-MS (Inductively Coupled 
Plasma-Mass Spectrometry) using the TS EN ISO 17294-2: 2017 (an updated form of TS EN ISO 
17294-2: 2004) method, which is one of the standard methods regulated under TSE. Calibration 
and mass spectrometric parameters were optimized by using reference standard substances (NIST 
1643 etc.) in the analysis. By evaluating the analytical data obtained, the concentrations of the 
analyzed elements in surface waters were determined together with LOD, LOQ and precision 
parameters. 
The average concentration was measured as 9.6±5.6 µg/l for As in the samples of the fall semester 
of 09.2021-11.2021 where the highest concentration was registered as 15.5 µg/l. The maximum 
permissible limit values for surface waters are 20 ppb (transition waters) for the As element, and 
the measurements are below this value. Vanadium showed an average concentration of 9.8±4.7 
µg/l during this sampling period while restricted levels are above 16 ppb for transition waters. 
Other elements detected (except Cd, which falls below LOQ) in samples did not exceed normative 
requirements.  
At samples taken between December 2021 and February 2022 dates, the highest concentration on 
average was measured as 4.6±2.4 µg/l for Zn. The EQS requirements for surface waters are at the 
level of 76 ppb for transition waters. The other element concentrations are determined at 
concentrations below the maximum permissible values. 
In the analysis of the samples taken from stations 6 and 7 (Dalyan Lagoon), 03.2022-05.2022 
(Spring semester), the highest value was measured as 9.10±2.79 µg/l for the Cu element, and this 
value exceeded the acceptable limit value for a single measurement in terms of MAX-EQS in the 
Certain Pollutants and Environmental Quality Standards tables for Surface Water Resources (5.7 
ppb for transition waters), but in terms of averages, it showed average concentrations about 
3.20±2.79 µg/l in these three months. Other elements that were quantified during the trimester did 
not exceed the normative. 
In the analysis of the samples taken from the 6th and 7th stations in the Dalyan Lagoon for 
06.2022-08.2022 (Summer period), the highest average values were measured for As, V and Zn 
with concentrations of 10.98±2.08 µg/l, 8.62±1.52 µg/l and 6.67±0.75 µg/l, respectively, while 
they did not exceed normative. When the average concentrations obtained on an annual basis at 
the selected sampling points of the Dalyan Lagoon for the monitored elements are calculated, it is 
seen that the data are quite stable  
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On a yearly basis concentrations of Cr: 1.07±0.86 µg/l, As: 5.28±4.95 µg/l, V: 5.28±4.00 µg/l, Cu: 
2.25±2.04 µg/l, Zn: 6.50±3.31 µg/l, Ni: 1.81±1.03 µg/l, Se: 1.59±1.02 µg/l, Cd: 1.14±0.03 µg/l 
and Pb: 1.70±1.04 µg/l were calculated. Considering the standard deviations of these concentration 
values, the concentrations meet the EQS norm values on the basis of the annual average 
environmental quality standard. 

 
Burgas Bay, Black Sea  
Three of the five monitoring points, from point 3 to point 5, were selected for diffuse pollution 
studies. Point 3 looks for influence from marine transport, while points 4 and 5 look for influence 
from tourism. Higher contents of Mn, Ni, Cu and Cd were recorded in the spring at the three points, 
and higher concentrations of Al, Zn, Cr, Co, and As were recorded in the summer in coastal waters 
from the Black Sea. There is a seasonal variation in the concentration of these elements, but the 
amounts of toxic metals are well below the required standard. Only in point 5 the zinc content in 
summer is above the MAC, which can be explained by the near location of the wastewater 
discharge to the monitoring point. 
A seasonal dependence of the concentrations of the investigated toxic metals in sediments from 
the Black Sea was associated with decreasing amounts of Zn, Co and Ni during the transition from 
spring to summer at all three sites. An opposite trend of increasing concentration with change of 
season is reported for Pb and Hg. In contrast to other natural sites, there are no regulations in place 
for sediment quality. According to Karaouzas et al. [3] the following values of the studied metals 
can be indicated as MAC: Cd – 3 mg/kg, Cu  – 86 mg/kg, Pb  – 170 mg/kg, Hg –  1 mg/kg, Ni –  
61 mg/kg, Zn  – 540 mg/kg, As – 17 mg/kg, Cr  – 100 mg/kg. The recorded concentrations of 
nickel in all sediments examined exceeded the indicated value. Similar high concentrations of 
nickel in sediments from the Romanian Black Sea coast have been reported by other authors [4], 
with heavy rainfall as the cause of the increase in nickel and cobalt concentrations in the sediments. 
In points 3 and 4, excess Cr concentrations were reported during the spring season. Chromium 
contamination of sediments has been detected in Sinop Bay of the Turkish Black Sea coast [5], but 
it does not threaten the ecological status of the sea.  
The presence and extent of pollution in the coastal waters of the Black Sea was assessed by 
univariate static analysis, the results of which show that there is no heavy metal pollution at the 
monitoring sites investigated. The highest value of the toxic metals assessment index was 4.3 in 
point 5 in summer. This value is significantly low (HEI<10) and is due to the presence of higher 
amounts of zinc (Cd, Zn = 1.5) which attest to the lack of contamination (Cd = –2.1) at the point. 
A similar approach has been applied to verify the presence of sediment contamination. Cadmium, 
mercury and lead contamination were found to be absent, while nickel content classified the 
sediments at all points as moderately to highly contaminated. The potential ecological risk to the 
ecosystem, as assessed by the RI value, verified the absence of contamination at all points except 
point 4 in the spring (RI = 161.9). The multivariate analysis conducted on the heavy metal content 
of coastal waters from the study sites by season showed that they grouped into two clusters related 
to seasonal changes. More than 55.44% of the samples were assigned to the first cluster related to 
summer variations. The reason for the separation into two clusters is the different concentrations 
of Al, Mn, Cu, Cr, As and Pb in the two seasons. In spring, higher concentrations of Mn and Cu 
were recorded, which were not the result of human activity. In the summer, lower amounts of Al, 
Cr, As were detected, the contents of which are probably due to natural sources. 
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The Black Sea ecosystem in terms of heavy metal content in coastal waters can be declared to be 
uncontaminated. The spring season has a favourable influence on the retention of nickel in the 
sediments, but this does not pose a potential risk to its ecological status.  
 
Saros Bay, Aegean Sea 
Sampling for metal analysis in surface waters is carried out monthly between 09.2021-08.2022 in 
the Meriç River (sampling stations: 1, 2, 3, 4, and 5), Dalyan Lagoon (6th and 7th sampling 
station), Saros Bay (in the coastal waters where the Meriç River flows into the sea; 8th, 9th, 10th, 
11th and 12th sampling station) ecosystems. Although Ergene River (2. sampling station) is treated 
as part of the Meriç River ecosystem, it basically represents the emissions that come from the 
industry-heavy zone that takes place at Trakya Basin. Hence, the effect of the heavily polluted 
Ergene River can’t be ignored, so we concluded that analysis results obtained from sampling point 
1 and sampling point 2 should be evaluated apart from results obtained from sampling stations 3, 
4 and 5.  
Sampling/analysis of water samples is carried out following the TSE (Turkish Standards Institute) 
standard method TS ISO 5667-12:1994-2016. It was carried out by following TS ISO 18400-102: 
2021-02 standard sampling methodology. After the samples were filtered through a filter with a 
pore size of 0.45 μm, they were stored in the refrigerator and then used for analysis. 
The analysis of metal/metalloid elements was performed with ICP-MS (Inductively Coupled 
Plasma-Mass Spectrometry) using the TS EN ISO 17294-2: 2017 (an updated form of TS EN ISO 
17294-2: 2004) method, which is one of the standard methods regulated under TSE. Calibration 
and mass spectrometric parameters were optimized by using reference standard substances (NIST 
1643 etc.) in the analysis. By evaluating the analytical data obtained, the concentrations of the 
analyzed elements in surface waters were determined together with LOD, LOQ and precision 
parameters. 
The highest average concentration was measured as 2.93±1.79 µg/l for As in the samples of the 
fall semester of 09.2021-11.2021. The maximum permissible limit values for shore waters is set 
at 20 ppb. Cd did not detect while Pb was detected only twice during the sampling period. The 
concentrations of detected elements fall below the maximum permissible limits set by legislative 
documents. Results from stations 11 and 12 have not been included in these graphs since the 
concentration detected at these points is far below stations 8, 9 and 10. 
Considering the data, the highest average concentration was measured as 2.59±2.03 µg/l for Zn in 
the samples of the 12.2021-2.2022 winter period. Other element concentrations are determined at 
concentrations below the maximum permissible values. 
In the analysis of the samples taken from Stations 8, 9 and 10 in Saros Bay for 03.2022-05.2022 
(Spring semester), the highest average value was measured as 4.37±1.29 µg/l for the Zn element, 
and this value is below the acceptable limit value for a single measurement in terms of MAX-EQS 
in the Certain Pollutants and Environmental Quality Standards tables for Surface Water Resources. 
Other detected elements are within normative concentration values.  
In the analysis of the samples taken from the 8th, 9th and 10th stations in Saros Bay for 06.2022-
08.2022 (Summer period), the highest value was measured as 5.25±0.30 µg/l for Zn, and this value 
is the acceptable value for a measurement in terms of MAX-EQS. Other measured elements do 
not exceed the limit values. Cadmium was not detected (≤LOD) in any sample during this sampling 
period. 
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When the average concentrations obtained on an annual basis at the selected sampling points (8, 9 
and 10) of the Saros Bay for the monitored elements are calculated, it is seen that the data are quite 
stable. 
 
On a yearly basis concentrations of Cr: 1.09±0.99 µg/l, As: 1.82±1.28 µg/l, V: 2.02±1.46 µg/l, Cu: 
1.21±0.85 µg/l, Zn: 3.73±1.82 µg/l, Ni: 0.63±0.31 µg/l, Se: 1.35±0.77 µg/l, Cd: 1.16±1.01 µg/l 
and Pb: 1.19±0.73 µg/l were calculated. 
The annual average concentrations of detected elements meet the EQS norm values on the basis 
of the annual average environmental quality standard upper limits. 

 
Karaagach River 
No clear seasonal trend of change was observed for the mean concentrations of the investigated 
toxic metals in surface water from the Karaagach River for the spring and summer of 2022 at the 
five sampling points. For aluminum, higher concentrations were recorded in the spring with the 
exception of those at point 5. Excess mean concentrations of Al were recorded at point 4 in both 
seasons, at point 2 in spring and at point 5 in summer. Manganese concentrations were higher in 
spring, except in point 1, where an average concentration above the MAC was recorded in summer. 
Zinc is in higher quantity in spring at points 1 and 4, and at the other points in summer. The 
amounts of cobalt in spring and summer are almost the same for points 2, 4 and 5, with significant 
differences recorded at point 1 and point 3. The low content of most metals tested in summer at 
point 3 is most likely due to mixing of a larger amount of effluent from the WWTP-Kitten 
discharge compared to the transition period. Nickel concentrations were higher in the spring at all 
points except point 1, with the highest concentration at point 2, but significantly below the MAC. 
The chromium content is higher in summer at all points except point 3, but is relatively low 
compared to the legal limits. For Cu, higher concentrations were observed in spring at points 1, 2 
and 3 and in summer at the other two points, but were below the legal limits. With the exception 
of point 1, the amount of arsenic was higher in the spring season at all points investigated but did 
not exceed the maximum permissible level. The concentrations of lead, cadmium and mercury 
vary dynamically at the monitoring points and are significantly below the permissible levels.  
The trend of slightly decreasing aluminium, manganese, cobalt, nickel, chromium and arsenic 
contents in soils at depth only for point 1 at the transition from spring to summer is repeated. 
Seasonal conditioning is not reported for the remaining points. Again, all averaged nickel 
concentrations are above the MAC. It is likely that the mineral composition of the soils in this 
ecosystem is the cause of the recorded contamination, as there are no anthropogenic sources of 
nickel in the nearby area. The aluminium and manganese content is relatively high, due to the 
different soil chemistry. In point 2, the amounts of zinc, cobalt, arsenic and nickel do not change 
seasonally and in depth. There was a slight difference in the values of zinc, cobalt, nickel, copper 
and lead concentrations in the soils of points 3, 4 and 5. There was no contamination of the water 
from the Karaagach River. Only in summer at point 1 an average manganese contamination was 
recorded. The dynamic nature of the river ecosystem has allowed rapid diffusion of the pollutant 
and as a result the risk to the environment is minimal. Moderate contamination was observed in 
the soils around the Karaagach River in spring at points 1, 2, 3 and in summer at points 3, 4, 5. 
The soils are classified as extremely contaminated at points 4 and 5 in spring and points 1 and 2 in 
summer. Cd and Pb cannot be attributed as contaminants to these soils. Probably, the geochemical 
composition of the soil from this region has a higher Ni content and its background concentration 
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is higher than the regulatory one. Only for point 5 a slight anthropogenic influence can be reported 
as a result of atmospheric deposition of gases from motor vehicles [2]. Mercury contamination of 
soils may be of a natural or anthropogenic nature. One of the main reasons for reporting mercury 
in soils is the natural presence of the mineral cinnabar (HgS). Hg contamination originates from 
pesticides, fertilizers, sewage sludge, atmospheric deposition and wastes containing fluorescent 
lamps, batteries and thermometers [6,7]. 
In the principal component analysis performed, it was found that point 1 was separated from points 
2, 4 and 5 due to a difference in the amounts of Al, Ni, Cu, As, Cd, Pb. With the exception of Al 
and Ni, whose sources may also be of natural origin, all others are anthropogenic in nature. This 
means that point 1 is the most unaffected by anthropogenic influence, which is confirmed by the 
analysis carried out. The soils of the Karaagach River are grouped into three groups: 1) points 1 
and 2 ; 2) points 3 and 4 and 3) point 5. The separation of point 5 is in terms of Al, So, Ni, and Cu 
content, which is due to its different type, since the area is mostly rocky. The other two groups of 
points differ in the amounts of As, Cd, and Pb, which are lower at points 3 and 4. 
During the investigated periods for the surface water of the Karaagach River it can be confirmed 
that there is no pollution, with occasional medium manganese pollution recorded at point 1 in 
summer. However, with regard to soils, moderate contamination was detected in spring at points 
1, 2, 3 and in summer at points 3, 4, 5 up to extreme contamination at points 4 and 5 in spring as 
well as at points 1 and 2 in summer. The main contaminants of the soils investigated are nickel 
and mercury, the levels of which should be monitored due to their toxic effects on living organisms. 
 
Meriç River 
Sampling for metal analysis in surface waters is carried out on a monthly basis between 09.2021-
08.2022 in the Meriç River (sampling stations: 1, 2, 3, 4 and 5), Dalyan Lagoon (6th and 7th 
sampling station), Saros Bay (in the coastal waters where the Meriç River flows into the sea; 8th, 
9th, 10th, 11th and 12th sampling station) ecosystems. Although Ergene River (2. sampling 
station) is treated as part of the Meriç River ecosystem, it basically represents the emissions that 
come from the industry-heavy zone that takes place at Trakya Basin. Hence, the effect of the 
heavily polluted Ergene River can’t be ignored, so we concluded that analysis results obtained 
from sampling point 1 and sampling point 2 should be evaluated apart from results obtained from 
sampling stations 3, 4 and 5.  
Sampling/analysis of water samples is carried out following the TSE (Turkish Standards Institute) 
standard method TS ISO 5667-12:1994-2016. It was carried out by following TS ISO 18400-102: 
2021-02 standard sampling methodology. After the samples were filtered through a filter with a 
pore size of 0.45 μm, they were stored in the refrigerator and then used for analysis. 
The analysis of metal/metalloid elements was performed with ICP-MS (Inductively Coupled 
Plasma-Mass Spectrometry) using the TS EN ISO 17294-2: 2017 (an updated form of TS EN ISO 
17294-2: 2004) method, which is one of the standard methods regulated under TSE. Calibration 
and mass spectrometric parameters were optimized by using reference standard substances (NIST 
1643 etc.) in the analysis. By evaluating the analytical data obtained, the concentrations of the 
analyzed elements in surface waters were determined together with LOD, LOQ and precision 
parameters. 
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The highest concentration was measured as 7.06±3.47 µg/l for As in the samples of the fall 
semester of 09.2021-11.2021. The lowest value was recorded as 0.86±0.56 µg/l for the Se element. 
The maximum permissible limit values for surface waters are 53 ppb (river surface waters) and 10 
ppb (transboundary-transition waters) for the As element, and the measurements are below this 
value. 
Considering the data, the highest value for the Meriç River ecosystem was measured as 6.66±2.25 
µg/l for Zn and the lowest value was 0.43±0.07 µg/l for Cr element in the samples of the 12.2021-
2.2022 winter period The EQS requirements for surface waters are at the level of 231 ppb Zn in 
inland waters and 76 ppb Zn for transition waters the Zn element meets the standards in terms of 
both values. Other element concentrations are determined at concentrations below the maximum 
permissible values. 
In the analysis of the samples taken from Stations 3, 4 and 5 in the Meriç River for 03.2022-
05.2022 (Spring semester), the highest value was measured as 9.86±2.79 ug/l for the Zn element, 
and this value is below the acceptable limit value for a single measurement in terms of MAX-EQS 
in the Certain Pollutants and Environmental Quality Standards tables for Surface Water Resources 
(76 ppb for transitional waters, 231 ppb for inland waters), but in terms of annual averages, it is 
above the limit value (5.9 ppb and 5.33 ppb; values for inland waters and transitional waters, 
respectively) in these three months.  
In the analysis of the samples taken from the 3rd, 4th and 5th Stations in the Meriç River for 
06.2022-08.2022 (Summer period), the highest value was measured as 9.35±1.54 µg/l for the As 
element, and this value is the acceptable value for a single measurement in terms of MAX-EQS in 
the Certain Pollutants and Environmental Quality Standards tables for Surface Water Resources 
(20 ppb for transition waters, 53 ppb for inland waters). Other measured elements do not exceed 
the limit values. Cadmium was not detected (≤LOD) in any sample during this sampling period. 
When the average concentrations obtained on an annual basis at the selected sampling points of 
the Meriç River for the monitored elements are calculated, it is seen that the data are quite stable. 
On a yearly basis concentrations of Cr: 0.5±1.54 µg/l, As: 5.1±3.3 µg/l, V: 3.6±1.9 µg/l, Cu: 
3.1±1.6 µg/l, Zn: 7.6±3.0 µg/l, Ni: 2.5±1.0 µg/l, Se: 1.4±0.8 µg/l, Cd: 0.7±0.4 µg/l and Pb: 2.8±1.7 
µg/l were calculated. 
Considering the standard deviations of these concentration values, the concentrations meet the 
EQS norm values based on the annual average environmental quality standard upper limits. 

 
Quality and quantity of rainwater 
Seasonal rain gauge sampling was carried out and the physicochemical parameters of rainwater 
were determined in situ. For the Lake Vaya aquatic ecosystem, during the one-year sampling 
period (winter 2022-autumn 2023), an increase in electrical conductivity values and, consequently, 
an increase in salt content was recorded in spring and summer. According to pH, rainwater in 
summer season exhibits alkaline character while in other seasons it goes to neutral. The low value 
of electrical conductivity in winter is due to its temperature conditioning.  
For the Burgas Bay aquatic ecosystem, during the one-year sampling period (winter 2022 - autumn 
2023) it was found that rainwater had better physicochemical indicators during the winter season. 
In the spring, the stormwater has an alkaline character (pH 9.5) that persists through the summer, 
and in the fall and winter it shifts to neutral. 
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For the Karaagach River aquatic ecosystem, the acidification status (pH) for the spring season 
corresponds to a strongly alkaline reaction, in summer it is slightly alkaline to neutral, and in 
autumn and winter it exhibits a neutral character, respectively.  
In summary, rainwater in all three pilot systems studied is alkaline in nature during the spring-
summer period, meaning that the probability of soil acidification resulting from acid precipitation 
at the time of the study is zero. 
Gamma background and radioactivity 
From the processed gamma background results it can be seen that almost all measured values are 
within the range of 0.06-0.40 µSv/h, which are considered normal or safe, according to the 
Ordinance on Basic Standards for Radiation Protection, adopted by the Council of Ministers № 
229 / 25.09.2012. 

III REFERENCES 

[1] BSPB - Western Black Sea Region Basin Directorate. Section II . Brief overview of 
significant pressures and impacts resulting from human activities on surface and 
groundwater conditions 2015:90-135. 

[2] El-Naggar A, Ahmed N, Mosa A, Niazi NK, Yousaf B, Sharma A, et al. Nickel in soil and 
water: Sources, biogeochemistry, and remediation using biochar. J Hazard Mater 
2021;419:126421. https://doi.org/10.1016/J.JHAZMAT.2021.126421. 

[3] Karaouzas I, Kapetanaki N, Mentzafou A, Kanellopoulos TD, Skoulikidis N. Heavy metal 
contamination status in Greek surface waters: A review with application and evaluation of 
pollution indices. Chemosphere 2021;263:128192. 
https://doi.org/10.1016/j.chemosphere.2020.128192. 

[4] Coatu V, Ţigănuş D, Oros A, Lazăr L. Analysis of hazardous substance contamination of the 
marine ecosystem in the Romanian black Sea coast, part of the Marine Strategy Framework 
Directive (2008/56/EEC) implementation. Rech Mar 2013;43:144–86. 

[5] Manev I, Kirov V, Neshovska H. Heavy metals accumulation in Black sea ecosystems: 
Seawater, sediment, algae, benthic organisms. Tradit Mod Vet Med 2020;5:88–99. 

[6] Xu J, Bravo AG, Lagerkvist A, Bertilsson S, Sjöblom R, Kumpiene J. Sources and 
remediation techniques for mercury contaminated soil. Environ Int 2015;74:42–53. 
https://doi.org/10.1016/J.ENVINT.2014.09.007. 

[7] Gworek B, Dmuchowski W, Baczewska-Dąbrowska AH. Mercury in the terrestrial 
environment: a review. Environ Sci Eur 2020;32:128. https://doi.org/10.1186/s12302-
020-00401-x. 


	1. front cover_methodologies_EN
	2. content_EN
	3. МЕТОДОЛОГИЯ ЕКОСИСТЕМИ_EN_Turkish input added
	METHODOLOGY SEA TYPE ECOSYSTEM
	I Detailed description of the selected pilot site. Trends, challenges and gaps. DPSIR analysis
	II Monitoring networks and data availability
	III Program for the study of a pilot site - an aquatic ecosystem of the Sea type

	METHODOLOGY RIVER TYPE ECOSYSTEM
	I Detailed description of the selected pilot site. Trends, challenges and gaps. DPSIR analysis
	II Monitoring networks and data availability
	III PILOT SITE RESEARCH PROGRAM - RIVER-TYPE AQUATIC ECOSYSTEM, RIVER SYSTEM

	METHODOLOGY ECOSYSTEM LAKE TYPE
	I Detailed description of the selected pilot sites. Trends, challenges and gaps. DPSIR analysis
	II Monitoring networks and availability of data
	III PILOT SITES RESEARCH MONITORING PROGRAMME – LAKE TYPE ECOSYSTEM

	OVERWIEW
	I OBJECTIVES OF THE RESEARCH
	II Geographical characteristics of the Bulgaria-TurkIYE cross-border region
	III NATIONAL CONTEXT. LEGISLATION AND POLICIES IN THE FIELD OF AQUATIC ECOSYSTEM MANAGEMENT
	Republic of Bulgaria
	Republic of Turkiye
	IV EXISTING METHODOLOGIES FOR MONITORING AND ASSESSMENT OF AQUATIC ECOSYSTEMS
	Methods for assessing the status of species and habitats
	Water quality monitoring methods
	Analysis and modeling of aquatic ecosystems
	V APPLICATION OF THE METHODOLOGY. PILOT ECOSYSTEMS
	Characteristics of the river, lake and sea water ecosystems selected for the project. Driving forces – Pressure – State – Impact – Response
	VI LIST OF INDICATORS FOR MONITORING WATER ECOSYSTEMS
	List of indicators by environmental components
	Specific monitoring indicators for the regions
	VII APPROACHES TO MONITORING AND EVALUATION
	General principles of sampling and analysis
	Sampling methods and indicator analysis


	4. Methodology diffuse sources_Turkish input added
	I. SOURCES OF DIFFUSE POLLUTION OF WATER BODIES
	II DIFFUSE POLLUTION ASSESSMENT – DATA PROCESSING, ANALYSIS, INTERPRETATION AND REPORTING
	Establishment of a strategy for the assessment of diffuse pollution, sampling and analysis of indicators
	Data analysis and identification of sources of diffuse pollution
	Timeframe and programme of the study of the pilot ecosystem
	Component AIR
	Component WATER AND SOIL
	Rainwater
	Gamma background and radioactivity

	Data processing, analysis, interpretation and reporting
	Black Carbon. PM and meteorological factors
	Heavy metals and metalloids in waters and soils
	Meriç River
	Quality and quantity of rainwater
	Gamma background and radioactivity


	III REFERENCES


