
 

 

 

 

National Pilot Monitoring Studies and 
Joint Open Sea Surveys in Georgia, 
Russian Federation and Ukraine, 2017 

 

Draft Final Scientific Report  

 

 

NOVEMBER 2018 

 

http://www.google.com.ua/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJydyq29_RAhWJfywKHW6UAOEQjRwIBw&url=http://nmd.bg/en/the-project-rights-court-for-children-will-work-with-two-bulgarian-schools/&psig=AFQjCNFNnRJUBW6AFthWRr1MSJIoecGuIA&ust=1485516761400589


Scientific Report – Joint Black Sea Surveys 2017 

 

2  

 

Editors: J. Slobodnik, B. Alexandrov, V. Komorin, A. Mikaelyan, A. Guchmanidze, M. Arabidze, 
A. Korshenko 

 

This document has been prepared in the frame of the EU/UNDP Project: Improving 
Environmental Monitoring in the Black Sea – Phase II (EMBLAS-II) ENPI/2013/313-169 

 

Final Draft: 30 November 2018  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer: This report has been produced with the assistance of the European Union. The 
contents of this publication are the sole responsibility of authors and can be in no way taken 
to reflect the views of the European Union. 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

3  

Contents 

Abbreviations ........................................................................................................................... 12 

Executive summary .................................................................................................................. 13 

I. Hydrographic description ............................................................................................... 30 

I.1. Introduction ............................................................................................................... 33 

I.2. General meteorological and hydrological background of the Black Sea ................... 36 

I.3. The Black Sea circulation ............................................................................................ 38 

I.4. Meteorological and hydrological description of the main physical 
parameters during the NPMS GE, NPMS UA, JOSS GE-UA, JOSS RF and 
NPMS RF ..................................................................................................................... 40 

I.4.1. Data and methods ............................................................................................... 40 

I.5. Results and discussion ............................................................................................... 41 

I.5.1. Hydrometeorological and hydrodynamical features of the Black Sea ............... 41 

I.5.2. Hydrophysical features of the continental slope and central part of the 
Black Sea (JOSS GE-UA 2017) .............................................................................. 44 

I.5.3. Hydrophysical features of the north-western part of the Black Sea 
(NWBS) ................................................................................................................ 50 

I.5.4. Meteorological conditions and hydrology: JOSS - RF ......................................... 63 

I.5.5. Meteorological conditions and physical-chemical parameters NPMS-RF .......... 65 

I.5.6. The dynamics of the upper border of the hydrogen sulphide zone in 
the deep part of the Black Sea ............................................................................ 67 

I.6. Conclusions ................................................................................................................ 70 

I.7. Recommendations ..................................................................................................... 72 

I.8. References .................................................................................................................. 72 

II. DESCRIPTOR 1: Biodiversity ............................................................................................ 75 

II.1. Phytoplankton NPMS/JOSS GE-UA ............................................................................ 76 

II.1.1. Introduction ........................................................................................................ 77 

II.1.2. Materials and methods ....................................................................................... 77 

II.1.3. Results and discussion ........................................................................................ 79 

 Species composition and biodiversity ......................................................... 80 

 Phytoplankton community structure (abundance, biomass by 
taxonomic groups) ....................................................................................... 81 

 Functional phytoplankton groups as potential indicators (A/H ratio) ........ 87 

 Dominant species ......................................................................................... 88 

 Potentially toxic species (PTS) ..................................................................... 90 

 Phytoplankton indicator based ecological status assessment .................... 92 

II.1.4. Conclusions ......................................................................................................... 95 



Scientific Report – Joint Black Sea Surveys 2017 

 

4  

II.1.5. References .......................................................................................................... 97 

II.2. Phytoplankton JOSS RF .............................................................................................. 98 

II.3. Phytoplankton NPMS UA: Phyllophora Field (April, July, August 2017) .................. 105 

II.3.1. Introduction ...................................................................................................... 105 

II.3.2. Materials and methods ..................................................................................... 105 

II.3.3. Results and discussion ...................................................................................... 106 

II.3.4. Conclusions ....................................................................................................... 112 

II.3.5. References ........................................................................................................ 113 

II.4. Phytoplankton NPMS RF: Sochi 2017 ...................................................................... 121 

II.4.1. Materials and methods ..................................................................................... 121 

II.4.2. Conclusions ....................................................................................................... 124 

II.4.3. References ........................................................................................................ 124 

II.5. Zooplankton ............................................................................................................. 137 

II.5.1. Introduction ...................................................................................................... 137 

II.5.2. Microzooplankton ............................................................................................. 137 

 Materials and methods .............................................................................. 137 

 Potential zooplankton indicators ............................................................... 138 

 Zooplankton abundance and biomass distribution - 
Microzooplankton ...................................................................................... 139 

II.5.2.3.1. Zernov’ Phyllophora Field (ZPF) .......................................................... 139 

II.5.2.3.2. NPMS UA coastal stations................................................................... 141 

II.5.2.3.3. JOSS UA-GE ......................................................................................... 142 

 Species diversity and taxonomic structure - Microzooplankton ............... 144 

 Habitat ecological status according to candidate indicators - 
Microzooplankton ...................................................................................... 146 

II.5.3. Mesozooplankton and Macroplankton including non-native species – 
JOSS RF. ............................................................................................................. 148 

 Introduction – cruise route and sampling sites ......................................... 148 

 Material and Method ................................................................................. 149 

 Macroplankton ........................................................................................... 149 

 Mesozooplankton. ..................................................................................... 151 

II.5.4. Conclusions ....................................................................................................... 152 

II.5.5. Gaps .................................................................................................................. 152 

II.5.6. Recommendations ............................................................................................ 152 

II.5.7. References ........................................................................................................ 152 

II.6. Benthic habitats ....................................................................................................... 153 

II.6.1. Introduction ...................................................................................................... 153 



Scientific Report – Joint Black Sea Surveys 2017 

 

5  

II.6.2. Macrozoobenthos ............................................................................................. 153 

 Materials and methods .............................................................................. 153 

 Results and discussion ............................................................................... 155 

II.6.2.2.1. Description of benthic habitats .......................................................... 155 

II.6.2.2.2. Ukrainian region of the Black Sea (NPMS UA) .................................... 158 

II.6.2.2.3. Georgian region of the Black Sea (NPMS GE) ..................................... 160 

 Assessment of ecological status based on macrozoobenthos .................. 161 

II.6.2.3.1. Ukrainian region ................................................................................. 161 

II.6.2.3.2. Georgian region .................................................................................. 165 

 Environmental Quality Assessment ........................................................... 167 

II.6.2.4.1. Ukrainian region ................................................................................. 167 

II.6.2.4.2. Georgian region .................................................................................. 178 

 Conclusions ................................................................................................ 182 

 Gaps ........................................................................................................... 183 

 Recommendations ..................................................................................... 183 

 References ................................................................................................. 184 

II.6.3. Macrophytobenthos ......................................................................................... 185 

 Introduction ............................................................................................... 185 

 Materials and methods .............................................................................. 186 

 Results and discussion ............................................................................... 189 

 Conclusions ................................................................................................ 199 

 Gaps ........................................................................................................... 200 

 Recommendations ..................................................................................... 200 

 References ................................................................................................. 201 

II.7. Marine mammals ..................................................................................................... 202 

II.8. Microbial communities ............................................................................................ 205 

II.8.1. Introduction ...................................................................................................... 205 

II.8.2. Materials and methods ..................................................................................... 207 

 JOSS GE-UA ................................................................................................ 207 

II.8.2.1.1. Sampling ............................................................................................. 207 

II.8.2.1.2. RNA extraction .................................................................................... 207 

II.8.2.1.3. QRT-PCR of the target genes .............................................................. 207 

 NPMS RF monitoring .................................................................................. 208 

II.8.3. Results and discussions ..................................................................................... 209 

 Taxonomic composition prokaryotic communities from water 
column and sediments ............................................................................... 209 



Scientific Report – Joint Black Sea Surveys 2017 

 

6  

 Expression activity of the target genes ...................................................... 215 

II.8.3.2.1. Activity of biodegradation genes ........................................................ 217 

II.8.3.2.2. Activity of antibiotic resistance genes ................................................ 220 

 Abundance of bacterioplankton in NPMS RF monitoring ......................... 222 

II.8.4. Conclusions ....................................................................................................... 224 

II.8.5. References ........................................................................................................ 224 

II.9. Assessment of Black Sea biodiversity with the novel  eDNA technique .................. 229 

II.9.1. Introduction ...................................................................................................... 229 

II.9.2. Materials and methods ..................................................................................... 231 

 Sampling ..................................................................................................... 231 

 DNA extraction and ionTorrent sequencing .............................................. 232 

 Bioinformatic and statistical analysis......................................................... 232 

II.9.3. Results and discussions ..................................................................................... 233 

 Community composition based on the 18S sequencing ........................... 233 

 Fish community composition based on the COI sequencing ..................... 236 

 Black Sea sediments community composition based on the COI and 
18S sequencing .......................................................................................... 239 

II.9.4. Conclusions ....................................................................................................... 242 

II.9.5. Gaps .................................................................................................................. 243 

II.9.6. Recommendations ............................................................................................ 243 

II.9.7. References ........................................................................................................ 244 

III. DESCRIPTOR 2:  Non-indigenous species ...................................................................... 247 

III.1. Introduction ............................................................................................................. 248 

IV. DESCRIPTOR 5: Eutrophication ..................................................................................... 250 

IV.1. Introduction ............................................................................................................. 251 

IV.2. Nutrients levels ........................................................................................................ 251 

IV.2.1. NPMS UA – Phyllophora field ........................................................................... 251 

 Phosphorus ................................................................................................ 251 

 Nitrogen ..................................................................................................... 255 

 Silicate ........................................................................................................ 263 

IV.2.2. NPMS UA ........................................................................................................... 267 

 Phosphorus ................................................................................................ 267 

 Nitrogen ..................................................................................................... 270 

 Silicate ........................................................................................................ 273 

IV.2.3. JOSS GE-UA........................................................................................................ 275 

 Phosphorus ................................................................................................ 275 



Scientific Report – Joint Black Sea Surveys 2017 

 

7  

 Nitrogen ..................................................................................................... 278 

 Silicate ........................................................................................................ 283 

IV.2.4. JOSS RF .............................................................................................................. 284 

 Cruise route and sampling sites ................................................................. 284 

 Methods and measurement ...................................................................... 285 

 Phosphorus ................................................................................................ 286 

 Nitrogen ..................................................................................................... 286 

 Silicate ........................................................................................................ 288 

IV.2.5. NPMS RF ............................................................................................................ 288 

IV.3. Nutrient ratios (silica, nitrogen and phosphorus) .................................................... 290 

IV.3.1. NPMS UA – Phyllophora field ........................................................................... 290 

IV.3.2. NPMS UA ........................................................................................................... 290 

IV.3.3. JOSS GE-UA........................................................................................................ 291 

IV.4. Direct effects of nutrient enrichment ...................................................................... 292 

IV.4.1. Chlorophyll-a ..................................................................................................... 292 

 NPMS UA-Phyllophora field, NPMS UA, JOSS GE-UA ................................ 292 

 JOSS RF ....................................................................................................... 296 

IV.4.1.2.1. Measurement methods ...................................................................... 296 

IV.4.1.2.2. Results ................................................................................................. 296 

IV.4.1.2.3. Conclusions ......................................................................................... 301 

IV.4.1.2.4. References .......................................................................................... 302 

IV.4.2. Suspended solids ............................................................................................... 304 

IV.4.3. Water transparency .......................................................................................... 306 

IV.5. Indirect effects of nutrient enrichment ................................................................... 309 

IV.5.1. Dissolved oxygen ............................................................................................... 309 

 NPMS UA-Phyllophora field ....................................................................... 309 

 NPMS UA .................................................................................................... 312 

 JOSS GE-UA ................................................................................................ 313 

 JOSS RF ....................................................................................................... 316 

IV.6. Black Sea eutrophication integrated assessments .................................................. 317 

IV.6.1. Integrated Black Sea Eutrophication Assessment Tool (BEAST) ....................... 317 

 NPMS UA-Phyllophora Field region ........................................................... 318 

 NPMS UA region......................................................................................... 319 

 NPMS RF region ......................................................................................... 320 

 JOSS GE-UA sections .................................................................................. 320 

 JOSS RF sections ......................................................................................... 321 



Scientific Report – Joint Black Sea Surveys 2017 

 

8  

IV.6.2. Ecological Quality Status with the Trophic Index (TRIX) ................................... 322 

 NPMS UA-Phyllophora Field region ........................................................... 322 

 NPMS UA region......................................................................................... 324 

 NPMS RF region ......................................................................................... 325 

 JOSS GE-UA sections .................................................................................. 325 

 JOSS RF sections ......................................................................................... 326 

IV.6.3. Comparative assessment of the trophic state and water quality in the 
Kerch Strait - BEAST and TRIX ........................................................................... 326 

IV.7. References ................................................................................................................ 328 

IV.8. HYPOXIA ................................................................................................................... 329 

IV.8.1. Context .............................................................................................................. 329 

V. DESCRIPTOR 8: Contaminants in the environment ...................................................... 330 

V.1. Metals, polyaromatic hydrocarbons, total petroleum hydrocarbons, 
chlorinated pesticides and PCBs in sea water and sediments ................................. 331 

V.1.1. Introduction ...................................................................................................... 331 

V.1.2. Materials and methods ..................................................................................... 332 

V.1.3. SEAWATER ......................................................................................................... 336 

 Trace metals ............................................................................................... 336 

 Organochlorine Pesticides and Polychlorinated Biphenyls - 
Phyllophora Field – April 2017 ................................................................... 352 

 Total petroleum hydrocarbons - Phyllophora Field - April 2017 ............... 365 

 Total petroleum hydrocarbons - Phyllophora Field - July 2017................. 365 

 Polycyclic Aromatic Hydrocarbons (PAHs) - Phyllophora Field - April 
2017 ........................................................................................................... 366 

 Sediments .................................................................................................. 371 

V.1.3.6.1. Characteristics of surface sediments .................................................. 371 

V.1.3.6.2. Trace metals ........................................................................................ 373 

 Organochlorine Pesticides and Polychlorinated Biphenyls ....................... 383 

 Polycyclic Aromatic Hydrocarbons (PAHs) - Phyllophora Field – April 
2017 ........................................................................................................... 390 

V.2. Large-volume sampling of sea water followed by LC-MS/MS and GC-MS 
analysis of potential Black Sea Specific Pollutants .................................................. 396 

V.2.1. Introduction ...................................................................................................... 396 

V.2.2. Activities ............................................................................................................ 397 

V.2.3. Sampling and sample extraction ....................................................................... 398 

 Mariani Box spot samples .......................................................................... 398 

 Mariani Box Extraction method ................................................................. 400 

 Large Volume Transect Sampling............................................................... 401 



Scientific Report – Joint Black Sea Surveys 2017 

 

9  

 Large Volume Transect Sampling extraction method ............................... 404 

V.2.4. Analytical methods ........................................................................................... 404 

 QA/QC ........................................................................................................ 404 

 HPLC-MS/MS for polar compound analysis ............................................... 405 

 GC-MS for semi-polar and apolar compound analysis .............................. 405 

V.2.5. Results and discussion ...................................................................................... 406 

 UHPLC-MS/MS analysis of polar compounds and perfluorinated 
compounds (PFCs)...................................................................................... 406 

 Semi-polar and Apolar Compounds ........................................................... 407 

V.2.5.2.1. Organophosphate Compounds (OPCs) ............................................... 407 

V.2.5.2.2. Pesticidesand Chlorinated Flame Retardants ..................................... 409 

V.2.5.2.3. Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT ............... 413 

V.2.5.2.4. Polychlorinated Biphenyls (EC-7 PCBs) ............................................... 415 

 Individual results for Large VolumeTransect Samples ............................... 416 

V.2.5.3.1. Organophosphate Compounds (OPCs) ............................................... 416 

V.2.5.3.2. Pesticides and Chlorinated Flame Retardants .................................... 417 

V.2.5.3.3. Triazines .............................................................................................. 419 

V.2.5.3.4. Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT ............... 419 

V.2.5.3.5. Polychlorinated Biphenyls .................................................................. 420 

V.2.6. Conclusions ....................................................................................................... 421 

V.2.7. Gaps .................................................................................................................. 423 

V.2.8. Recommendations ............................................................................................ 423 

V.3. Target, suspect and non-target screening of Black Sea pollutants in water 
and sediments by LC-HR-MS and GC-MS techniques .............................................. 424 

V.3.1. Targeted determination of Black Sea pollutants in water and sediments 
by LC-QToF-MS and GC-MS/MS techniques ..................................................... 425 

 Introduction ............................................................................................... 425 

 Materials and methods .............................................................................. 427 

 Results and discussion ............................................................................... 432 

V.3.1.3.1. Seawater ............................................................................................. 432 

V.3.1.3.2. Sediments ........................................................................................... 448 

V.3.2. Suspect and non-target screening of Black Sea pollutants in water and 
sediments by LC-HR-MS and GC-(HR)-MS techniques ...................................... 455 

 Samples ...................................................................................................... 455 

 Methods – Instrumental Analysis .............................................................. 455 

 Methods - Data Treatment ........................................................................ 456 

 Results and Discussion ............................................................................... 458 



Scientific Report – Joint Black Sea Surveys 2017 

 

10  

VI. DESCRIPTOR 8 and 9  Concentration of contaminants in fish and seafood ................. 464 

VI.1. Target, suspect and non-target screening of Black Sea pollutants in biota 
by LC-HR-MS and GC-MS techniques ....................................................................... 465 

VI.1.1. Targeted determination of Black Sea pollutants in biota by ICP-MS, LC-
(HR)-MS/MS and GC-MS/MS techniques .......................................................... 465 

 Introduction ............................................................................................... 465 

 Materials and methods .............................................................................. 465 

 Results and discussion ............................................................................... 467 

VI.1.2. Suspect and non-target screening of Black Sea pollutants in biota by 
LC-HR-MS and GC-(HR)-MS techniques ............................................................ 492 

 Samples ...................................................................................................... 492 

VI.1.2.1.1. Results and Discussion ........................................................................ 492 

VI.1.3. References ........................................................................................................ 493 

VI.2. The level of contamination in fish and mussels- Zernov’s Phyllophora Field .......... 507 

VI.3. The level of contamination of fish and mussels (i. Zmeinyi) ................................... 522 

VII. DESCRIPTOR 10:  Part I - Marine litter .......................................................................... 533 

VII.1. Introduction ............................................................................................................. 534 

VII.2. Materials and methods ............................................................................................ 534 

VII.2.1. Floating Marine Macro Litter (FMML) .............................................................. 535 

VII.2.2. Beach litter ........................................................................................................ 538 

VII.3. Results ...................................................................................................................... 545 

VII.4. Discussion ................................................................................................................. 545 

VII.5. Conclusions .............................................................................................................. 546 

VII.6. Gaps .......................................................................................................................... 546 

VII.7. Recommendations ................................................................................................... 547 

VII.8. References ................................................................................................................ 547 

VIII. DESCRIPTOR 10. Marine litter: Part II - Microplastics in the bottom sediments of the 
Black Sea ................................................................................................................................. 548 

VIII.1. Introduction ............................................................................................................. 549 

VIII.2. Materials and methods ............................................................................................ 550 

VIII.2.1. Sample collection .............................................................................................. 550 

VIII.2.2. Microplastic extraction ..................................................................................... 551 

VIII.3. Results and Discussion ............................................................................................. 552 

VIII.3.1. Microplastic abundance and polymer composition ......................................... 552 

VIII.3.2. Identification of MPs by 2D FTIR Imaging ......................................................... 555 

VIII.4. Conclusions .............................................................................................................. 564 

VIII.5. Recommendations ................................................................................................... 564 



Scientific Report – Joint Black Sea Surveys 2017 

 

11  

VIII.6. References ................................................................................................................ 565 

IX. Summary of progress, gaps and recommendations ..................................................... 567 

IX.1. Summary of progress ............................................................................................... 568 

IX.2. Recommendations ................................................................................................... 570 

 

Annexes (separate document) 

Annex 1: Phytoplankton intercomparison 

Annex 2: Zooplankton intercomparison 

Annex 3: Macrophytobentos intercomparison 

Annex 4: List of phytoplankton species 

Annex 5: List of zooplankton species  

Annex 6: List of macrophytobenthos species 

Annex 7: Report on the Chemical Contaminant Measurements from Surveys 2017  
by EC Joint Research Centre 

 

 

 

  



Scientific Report – Joint Black Sea Surveys 2017 

 

12  

 

Abbreviations 

BS  Black Sea  

BSC  Black Sea Commission (Commission on the Protection of the Black Sea 

Against Pollution)  

BSIS  The Black Sea Information System  

BSIMAP  Black Sea Integrated Monitoring and Assessment Programme  

BS SAP  Black Sea Strategic Action Plan  

BS WQD  Black Sea Water Quality Database  

CIL Cold Intermediate Layer 

CW Coastal Waters 

DG  Directorate General  

EC  European Commission  

EEA  

EEZ  

European Environment Agency  

Exclusive Economic Zone  

EIA  Environmental Impact Assessment  

EMODNET  European Marine Observation and Data Network project  

EU  European Union  

GE Georgia 

GEF  Global Environment Facility  

ICPDR  International Commission for the Protection of the Danube River  

ICZM  Integrated Coastal Zone Management  

JBSIEMAP  Joint Black Sea Integrated Environmental Monitoring and Assessment 

Programme  

JOSS Joint Open Sea Survey 

MISIS  MSFD Guiding Improvements in the Black Sea Integrated Monitoring 

System project  

MSFD  EU Marine Strategy Framework Directive  

N-BSIMAP  National Black Sea Integrated Environmental Monitoring and 

Assessment Programme  

NPMS National Pilot Monitoring Study 

NWBS North-Western part of the Black Sea 

RF Russian Federation 

UA Ukraine 

UkrSCES  Ukrainian Scientific Centre for the Ecology of the Sea 

ZPF Zernov’s Phyllophora Field 

  



Scientific Report – Joint Black Sea Surveys 2017 

 

13  

Executive summary 

V. Komorin, A. Mikaelyan, A. Guchmanidze, A. Korshenko, M. Pogojeva, J. Slobodnik 

 

The Scientific Report “National Pilot Monitoring Studies and Joint Open Sea Surveys in 

Georgia, Russian Federation and Ukraine, 2017” has been prepared under the EMBLAS-II 

Project “EU-UNDP Project 'Improving Environmental Monitoring in the Black Sea' (EMBLAS-

II)” (http://emblasproject.org/). The National Pilot Monitoring Studies (NPMS) and Joint Open 

Sea Survey (JOSS) Programme were carried out within the framework of Project Activity (PA) 

2 and 4, respectively. EMBLAS-II is co-financed by the European Commission (EC) and United 

Nations Development Programme (UNDP). The project implementation started on 1 April 

2014 and ended on 31 May 2018, having the total duration of 50 months. Beneficiary countries 

were Georgia (GE), Russian Federation (RF) and Ukraine (UA), represented by the Ministry of 

Environment and Natural Resources Protection (GE), Ministry of Natural Resources and 

Environment (RF) and Ministry of Ecology and Natural Resources (UA). The Black Sea 

Commission Permanent Secretariat was among the project partners.  

The EMBLAS-II project addressed the overall need for support in protection and restoring the 

environmental quality and sustainability of the Black Sea. The specific objectives were as 

follows:  

• Improve availability and quality of Black Sea environmental data in line with the MSFD 

and Black Sea Strategic Action Plan (2009) needs; 

• Improve partner countries' ability to perform marine environmental monitoring along 

MSFD principles, taking into account the Black Sea Diagnostic Report II 

recommendations on capacity building. 

EMBLAS was designed to tackle deficiencies and limitations in availability of accurate reliable 

and comparable marine data, as well as to build capacities of the countries to perform 

integrated environmental monitoring and assessment of the Black Sea according to the EU 

Marine Strategy Framework Directive (MSFD), EU Water Framework Directive (WFD) for the 

coastal zones and the needs of the Black Sea Strategic Action Plan (BS SAP). According to the 

EU Marine Strategy Framework Directive (MSFD) EU Member States have to achieve Good 

Environmental Status (GES). Targets for GES for each of the 11 descriptors of environmental 

status should have been set by each EU Member State, and programmes of measures to 

achieve these targets are to be put in place. The descriptors of GES are further refined in the 

Commission Decision on Descriptors (EC, 2010). Principles of the MSFD and WFD form the 

basis of the Black Sea Integrated Monitoring and Assessment Programme (BSIMAP) approved 

by the Black Sea Commission (BSC). 

The MSFD mandates that existing regional seas agreements be used to implement these 

environmental objectives. Many of the MSFD descriptors are interrelated and overlapping 

(e.g. fish resources, food web structure, eutrophication, biodiversity, non-indigenous species 

and pollution) with the four strategic ecological quality objectives (ECOQs) set by the Black 

Sea Strategic Action Plan adopted in 2009 (BSSAP’2009). Although the ECOQs are broader and 

less specific there is a clear potential synergy between the MSFD and BS SAP.  
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The NPMS/JOSS 2017 Scientific Report consists of summaries of scientific results based on 

data collected during the oceanographic operations by Georgia, Russian Federation and 

Ukraine as well as a brief description of the inter-comparison exercises (see Annexes to this 

report).  

This report outlines: 

1) The National Pilot Monitoring Studies (NPMS) in: 

• Georgia (GE): NPMS GE – 4 stations of NPMS 12-months GE; 

• Russian Federation (RF): NPMS RF – 3 expeditions and a report on present 

status of 2 stations of NPMS 12-months RF; 

• Ukraine (UA): NPMS UA – 1 expedition involving 7 stations and 4 stations of 

NPMS 12-months UA (Zernov’s Phyllophora Field). 

2) The Joint Open Sea Surveys (JOSS):  

• Transects Constanta – Odessa – Batumi – Constanta: JOSS GE-UA in Ukraine 

(UA) and Georgian (GE) waters; 

• Transects in waters of Russian Federation (RF): JOSS RF. 

Reports for the NPMS 12-months studies in GE, RF and UA brought so much information that 

it has been decided to summarise them in a separate volume entitled ‘12-Months National 

Pilot Monitoring Studies in Georgia, Russian Federation and Ukraine, 2016-2017’. Parts of 

the results are shared in both volumes. 

The project is supporting the development of partner countries' marine environmental 

policies and strategies and will contribute to implementation of concrete field activities in the 

area of monitoring and assessment of Black Sea marine environment. Main efforts are being 

put into establishment of sustainable schemes for testing of separate parts of National Black 

Sea Integrated Monitoring and Assessment Programmes (N-BSIMAPs) and obtaining high 

quality new data via NPMSs in the transitional, coastal (WFD) and territorial (MSFD) waters 

and JOSS in the Exclusive Economic Zone (EEZ) open sea waters area of Black Sea countries. 

The main objective of the JOSS was to implement the JOSS Methodology elaborated within 

the framework of the EMBLAS-I project. It aims to assist all participants in understanding and 

piloting a common approach for assessment of the ecosystem state of the deep part of the 

sea based on the principles and methodologies of the MSFD.  

The sea interior represents the main body of sea water being ruled by key processes which 

ultimately define the functioning of the whole Black Sea ecosystem. Regular observations of 

the deep waters are crucial for understanding of long-term climate and anthropogenic 

impacts, which are currently not included into the national monitoring programmes. The main 

tasks of JOSS were therefore as follows: 

• To assess an intensity of the winter convection and formation of the Cold Intermediate 

Layer in the context of climate change; 

• To assess the current position of the hydrogen sulphide level; 
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• To assess the eutrophication potential of the deep basin; 

• To explore the biodiversity of different taxa (phytoplankton, zooplankton); 

• To establish presence and role of non-indigenous species; 

• To explore natural phenomena like blooms or mass developments of organisms; 

• To evaluate the current trophic level of the ecosystem; 

• To assess the current state and environmental status of the deep sea ecosystem; 

• To provide field material including new ecosystem parameters for the elaboration of 

indicators of GES of the sea interior ecosystem; 

• To test a new monitoring techniques and evaluate their suitability for national 

monitoring programmes. 

 

Scientific programme of JOSS GE-UA 

This report outlines the scientific programme conducted on-board of the Romanian research 

vessel “Mare Nigrum” during the Joint Open Sea Survey in Georgian (GE) and Ukrainian (UA) 

waters (JOSS GE-UA) in the period from 26 August till 07 September 2017. The report consists 

of summaries of scientific metadata/data collected during the oceanographic operations and 

a brief description of the inter-comparison exercises. 

On 26 August 2017 the cruise started with scientific teams of highly qualified specialists from 

Ukraine (Ukrainian Scientific Centre of Ecology of the Sea and Institute of Marine Biology of 

National Academy of Sciences of Ukraine) and Georgia (National Environmental Agency “Black 

Sea Monitoring Center”) on board, being reinforced by experts from five EU Member States 

assisting at implementation of novel monitoring techniques.  

The sampling programme involved 12 main and 4 additional sampling stations along the 

Ukrainian and Georgian polygons and transects Constanta - Odessa – Batumi - Constanta 

(bottom depths within 11 – 2100 m). 

Before starting of the cruise organizational issues, including the appointment of the 

responsible scientists for physical, chemical and biological data, contaminants, marine litter, 

and the overall strategy of the survey were discussed.  

CTD measurements were performed at each station during the cruise; the sampling depths 

for nutrients, N2O, TOC, chlorophyll a, phytoplankton and zooplankton were selected based 

on temperature, density and fluorescence profiles. Water samples for pollutants (metals, 

organic pollutants, etc.) were collected from the surface and bottom layers for shelf area, 

mainly from the surface layer in deep part of the sea (1 m below the surface), except stations 

Nos. 5, 8, 9 where three depth levels were sampled.  

Sediment cores were collected by multicorer for measuring of the following variables: 

1) Organic and inorganic pollution 

2) eDNA 

3) Metagenomics analyses 
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4) Microplastic 

5) Porewater (dissolved phase) 

    Dissolved nutrients 

    Other parameters: chloride, sulphate, sulphide, alkalinity, dissolved organic carbon 

4) Particulate phase 

    Particulate organic carbon/particulate nitrogen, 13C/15N in organic matter  

5) Microprofiling of geochemical gradients (done on board) 

Whenever possible, profiles of dissolved O2, pH, H2S and N2O were measured in the upper 2-

3 centimeters of the cores. 

6) Incubation experiments 

Incubations of sediment cores were carried out on board in order to determine the nutrient 

fluxes. Gravity corer was used to collect samples for studying inorganic phase. Trace metals 

were planned to be determined by X-ray fluorescence and radionuclides by gamma counting. 

Sampling was done on three transects across the Black Sea (Fig. 1). First transect (Leg 1) 

started from the outer north-western shelf and cross the continental slope to the center of 

the western cyclonic gyre. Then Leg 1 runs along the 43o latitude to the center of the eastern 

cyclonic gyre. After that Leg 1 turns to Batumi direction. The stations are located tightly in 

Georgian waters since the important for the Black Sea ecosystem hydrological structure (the 

quasi-stationary Batumi anticyclonic eddy) was investigated on this way.  

Table 1 - JOSS GE-UA: coordinates of the monitoring sites 

Site No.  Description 
Coordinates 

Depth [m] 
Latitude (northern) Longitude (eastern) 

 Constanta    

JOSS-GE-UA -1A’ Danube region 45º 09′ 29º 49′ 23 

JOSS-GE-UA -1A Danube region 45º 12′ 29º 49′ 22 

JOSS-GE-UA -1B Dniester region 46º 12′ 30º 49,9′ 23 

 Odessa    

JOSS-GE-UA -1 Damping region  46º 23′ 31º 01′ 25 

JOSS-GE-UA - 2 NWBS 45º 13′ 31º 14′ 53 

JOSS-GE-UA - 3 Open sea 44º 51′ 31º 20′ 62 

JOSS-GE-UA - 4 Open sea 44º 06′ 31º 34′ 1165 

JOSS-GE-UA - 5 Open sea 43º 24′ 31º 50′ 1919 

JOSS-GE-UA - 6 Open sea 43º 25′ 32º 52′ 2088 

JOSS-GE-UA - 7 Open sea 43º 22′ 34º 46′ 2150 

JOSS-GE-UA - 8 Open sea 43º 32′ 36º 04′ 2131 

JOSS-GE-UA -9 Open sea 42º 14′ 39º 53′ 1905 

JOSS-GE-UA - 10 Open sea 42º 06′ 40º 20′ 1795 

JOSS-GE-UA -11 Open sea 41º 56′ 40º 50′ 1543 

JOSS-GE-UA - 12 Open sea 41º 47′ 41º 13′ 1130 

 Batumi    

 Odessa    

JOSS-GE-UA -1 C Danube region 45º 20′ 29º 50′ 21 
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 Constanta    

 

 

Figure 1 - An overview map of sampling stations JOSS GE-UA 

 

Scientific programme of JOSS RF 

 

Cruise route and sampling sites 
 

Cruise route consisted of three transects (Fig. 2).  

- The 1st  transect (Gelendzhik) was a standard transect which was fulfilling during last 

50 years by research vessels of P.P.Shirshov's Institute of Oceanology Russian 

Academy of Sciences (SIO RAS). It consisted of 9 stations starting from 1400 m 

bottom depth to 2100 m. Total length - 82 miles. 

- The 2nd transect (Centre) consisted of 5 stations which were located along Russian-

Turkish boundary of economic zones from 37о lat. to 39о lat. Bottom depth ranged 

from  2000 to 2200 m. Total length - 120 miles.  

- The 3nd transect (Sochi) started at the sea centre on 39о lat. and ended near town 

Sochi. It consisted of 7 stations starting from 2000 m bottom depth to 1300 m. Total 

length -75 miles.  



Scientific Report – Joint Black Sea Surveys 2017 

 

18  

 

 
Figure 2. Route of JOSS RF in October 2017 

 

Scientific programme of NPMS-RF 

The cruise was conducted on November 15, 2017 by joint scientific team of specialists from 
State Oceanographic Institute and Sochi Center of Hydrometeorology and Ecology of Black 
and Azov Seas. For the purpose of this survey a research vessel “Katran” was rented (Fig. 4). 
The survey area covered the Sochi-Adler area and was performed by 8 stations.  
 
The sampling and observation programmes of NPMS were carried out in Sochi-Adler area at 8 
stations presented on Table 2, and Figure 3 below, which can be conditionally divided into two 
zones: the coastal zone of water use, polluted by river discharges (stations 1,2,4,5 and 7) and 
the semi-open sea area - 2 nautical miles from the coast on the traverse of the mouths of 
rivers on the border between the water use zone and the first step of the sanitary protection 
zone (stations 3,6 and 8). In the coastal zone at depths less than 15 meters, samples were 
taken from the surface horizon. at stations with depths more than 15 meters - from 2 or 3 
horizons (depending on depths).  
 
Sampling stations, processing of samples and reporting were done according to the methods 
and templates agreed among the EMBLAS project partners. Processing and analysis of all 
samples will be carried out in laboratories of the project partners in Russia. The parameters 
for analysis of MSFD descriptors and WFD quality elements were selected in a way allowing 
for their measurements and observations on all sites. 
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Figure 3. - Map of monitoring sites for NPMS RF. 
 
Table 2. – NPMS RU: coordinates of the monitoring sites 

Station Sampling location Latitude Longitude Depth m 

1 Sochi seaport water area 43° 34' 52" 39° 43' 01" 9.8 

2 Estuary of the river Sochi  43° 34' 47" 39° 42' 30" 6.7 

3 2 nm from the shore in front 
of the river Sochi estuary 

43° 33' 46" 39° 41' 19" 45.0 

4 Estuary of the brook Maliy  43° 33' 45" 39° 44' 3 
3" 

9.0 

5 Estuary of the river Hosta  43° 30' 15" 39° 51' 44" 7.0 

6 2 nm from the shore in front 
of the river Hosta estuary 

43° 27' 27" 39 °48' 59" 58.0 

7 Estuary of the river Mzymta  43°24' 49.2" 39°55' 17.6" 6.6 

8 2 nm from the shore in front 
of the river Mzymta estuary  

43° 23' 48" 39° 53' 05" 370.0 
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Figure 4. Vessel “Katran”. 

 
 

Scientific programme of NPMS 12-months GE  

Period of Coastal monitoring: monthly - from January to December 2017. 

Stations (Figure 5)  -  4: Sarpi (41.543261° /  41.557807°), Pier Batumi (41.656571° / 
41.633083°), Batumi Port (41.650911° / 41.644562°), Green Cape (41.691792° /  41.703510°). 

 

Figure 5 - An overview map of sampling stations NPMS 12-months Georgia 

Within the NPMS, during the period of January-December 2017 were carried out 

hydrobiological (once a month) and microbiological (twice per month) samplings in four 

permanent stations in the Black Sea coast of Georgia Sarpi, Pier Batumi, Batumi Port and 
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Green Cape. The stations Sarpi and Green cape were selected as reference water areas, being 

relatively less anthropogenically influenced. Batumi and Batumi port were selected as having 

more intense anthropogenic pressure from household and industry. 

Samples for microbiological research were taken from the upper water layer by the Sterile 

Borisilicate glass bottles. Samples of phytoplankton and zooplankton were collected with 

appropriate equipment (bathometer and small size Jedi net) 20-30 meter away from the coast, 

in the upper layer of the sea. Benthos samples were collected by Van Veen Grab from the 

depth of 5-6 m. Macrophyte and Epifauna samples were taken from the rock coast of Sarpi, 

Green cape and Castle (Tsikhisdziri) by a diver.  

 

Scientific programme of NPMS UA 

National Pilot Monitoring Studies (NPMS) were directed to development and implementation 

of NPMS for testing and harmonization of EMBLAS-I drafts of cost-effective National Black Sea 

Integrated Monitoring and Assessment Programmes (N-BSIMAPs) in accordance with 

reporting obligations under the WFD, MSFD and BSIMAP. 

This monitoring programme aims at preparation of the Initial Assessment (Article 8(1) of the 

MSFD) needed for determination of GES and it is based on the indicative list of elements set 

out in Annex III and Annex V, and referenced to the environmental targets (Art. 10). 

The following tasks were performed: 

• Bringing the sampling methods into compliance with the requirements of MSFD and 

WFD;  

• Monitoring physical, chemical and biological indicators of marine environment quality 

in accordance with the MSFD and WFD; 

• Assessments of the current state of pollution by nutrients, possible eutrophication and 

water hypoxia events within the North-western Black Sea shelf; 

• Assessments of possible eutrophication and water hypoxia influence to the Zernov’s 

Phyllophora Field (ZPF) ecosystem; 

• Assessment of toxic contamination of water and its adverse effects on the ecosystem 

components; 

• Assessment of water hydrological and hydrochemical parameters and their impact on 

the environmental status of protected areas; 

• Assessment of the status of marine communities (phytoplankton, zooplankton, 

macrozoobenthos, macrophytobenthos and microbial community composition; 

chlorophyll-a concentrations; abundance and species composition of marine mammal 

populations); 

• Assessment of marine water quality using hydrobiological indicators of trophicity and 

saprobity; 
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• Testing of novel monitoring methods, including determination of priority pollutants, 

identification of Black Sea Specific Pollutants, assessment of marine litter and 

microplastics quantity and composition; 

• Development of the Black Sea Water Quality Database to store all data collected within 

the EMBLAS-II project surveys. 

The observations were divided into three main slots according to the monitoring parameters. 

The first was an expedition into BWBS area for assessment of a spatial distribution of 

indicators. The second one was assessment of dynamic indicators of the sea ecosystem in a 

longer time period. The third slot aimed to classify and map habitats. 

The study area were Ukrainian territorial and EEZ waters in the North-western part of the 

Black Sea. The hypothesis was that the biggest ecological risks for this vulnerable part of the 

Black Sea are the pollution by toxic chemicals and eutrophication. One of the most negative 

consequences of eutrophication is the disturbance of oxygen regime with further hypoxia and 

anoxia.  

Water bodies defined in UA coastal zones for WFD and MSFD implementation in Ukraine were 

investigated (Fig. 6). 

 

 

Figure 6. Water bodies in the coastal zones of UA defined according to the WFD 
methodology 

Sampling locations were chosen to represent specific purposes of the project. Map of 
sampling sites is in Fig. 7. Coordinates of the sites are presented in Table 3. 
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Figure 7. Map of monitoring sites NPMS UA, 2017 

Table 3 - NPMS UA: coordinates of the monitoring sites, 2017 

  

No. of site 

  

Description 

Bodies 

 

Sites Coordinates 

Depth [m] Latitude Longitude 

(northern) (eastern) 

NPMS - 1w 
Test location Dnister 
region 

CW5, 

CW6 
46º 05′ 30º 30′ 10 

NPMS - 2 w Dnister region CW4 45º 57′ 30º 19′ 10 

NPMS - 3 w 
Danube region CW2, 

CW3 
45º 36′ 29º 47′ 10 

NPMS - 4 w Danube region CW1 45º 19′ 29º 47′ 15 

NPMS - 5 w Tendra spit CW11 46º 13′ 31º 36′ 10 

NPMS - 6 w Dnepr region CW8 46º 36′ 31º 05′ 10 

NPMS - 7 w Odessa bay CW7 46º 32′ 30º 47′ 10 

The survey was carried out from 15 till 21 August 2017; back to back with a cruise organized 
within the NPMS for the Zernov’s Phylophora Field. 

 

NPMS 12-months Ukraine: Zernov’s Phyllophora Field  

The programme for a one year observations of the ZPF has been prepared within the 
framework of the NPMS that are directed to development and implementation for testing and 
harmonisation of EMBLAS-I drafts of cost-effective National Black Sea Integrated Monitoring 
and Assessment Programmes (N-BSIMAPs) in accordance with reporting obligations under the 
WFD, MSFD and BSIMAP. 

The main objectives of the programme were as follows: 

1) To develop methodological framework for monitoring of the ZPF in accordance with 
the MFSD and WFD; 

2) To assess the seasonal dynamic of marine ecosystem on the ZPF as a part of the Initial 
Assessment; 

3) To prepare a set of recommendations how to achieve/maintain GES of the ZPF. 
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The following tasks were performed: 

• Bringing the sampling methods into compliance with the requirements of MSFD and 
WFD;  

• Monitoring of physical, chemical and biological indicators of marine environment 
quality in accordance with the MSFD and WFD; 

• Assessments of possible eutrophication and water hypoxia influence on the ZPF 
ecosystem; 

• Assessment of toxic contamination of water and its adverse effects on the ecosystem 
components; 

• Assessment of water hydrological and hydrochemical parameters and their impact on 
the environmental status of protected areas; 

• Assessment of the status of marine communities (phytoplankton, zooplankton, 
macrozoobenthos, macrophytobenthos and microbial community composition; 
chlorophyll-a concentrations; abundance and species composition of marine mammal 
populations); 

• Assessment of marine water quality using hydrobiological indicators of trophicity and 
saprobity. 

The ZPF is a unique habitat located in the north-western shelf of the Black Sea. There is a 

dense stand of red algae and a high diversity of associated fauna at the site. This area was 

declared as a botanical reserve of nation-wide importance, established to protect and restore 

a unique natural environment, on the 21 November 2008. The ZPF is the first offshore and the 

largest fully marine protected area in the Black Sea. The total area is 402,500 ha, covering 

12.5% of the north-western shelf of the Black Sea. The northwestern Black Sea was heavily 

impacted by anthropogenic loading in the period of 1970–1980, and the ZPF was considerably 

degraded and reduced in area. During the recent years the perimeter of the Phyllophora field 

has slightly extended, and restoration of the benthic habitat has begun. It is expected that by 

assigning this area a status of Marine Reserve (Marine Protected Area) will further promote 

processes of faunal and floristic biodiversity recovery. 

Sampling sites were chosen to represent specific purposes of the project (for a map Fig. 8). 

Coordinates of the sites are presented in Table 4. Numbering of the stations is corresponding 

with NPMS UA. 
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Figure 8. NPMS 12-months UA: map of monitoring sites in the ZPF 

 

Table 4. NPMS 12-months UA (ZPF): coordinates of the monitoring sites 

No. of site No. of 
site by 
NPMS 
UA 

Description 

Frequency Sites Coordinates 

Depth [m] Latitude Longitude 

(northern) (eastern) 

NPMS – 4ph 
4 

Western area of 
NWBS near ZPF 

Once in a year 
45 º 30,4′ 30 º 30,3′ 20 

NPMS – 9ph 9 ZPF Seasonally 45 º 40,0′ 31 º 15,0′ 40 

NPMS – 10ph 10 ZPF Once in a year 45 º 50,0′ 31º 00,6 30 

NPMS – 11ph 
11 

Northern area of 
NWBS near ZPF 

Once in a year 
46 º 00,0′ 31 º 15,0′ 30 

 

Dates of NPMS 12-months UA (ZPF): 

1st survey: April, 2017;  

2nd survey: June, 2017; 

3rd survey: August, 2017.  

All samples were obtained from the vessel “Auguste Picard”. Parameters included in the 
scientific programmes of NPMS and JOSS, analyzed on-board and/or in laboratories in UA are 
presented in Table 5.   
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Table 5 - Parameters of scientific programmes of NPMS and JOSS analyzed on-board and/or in laboratories in UA 

Physical PW  
PCBs 
individual PCBs total  PS OCPs  

 PCBs 
individual PAHs PB PCBs individual PCBs total 

Т ºС As 
mkg/
l 

PCB-8 ng/l Ar-1254 ng/l 
TPHs 
total 

mg/
kg 

α-HCH 
mkg/
kg 

 
PCB-8 

mkg/
kg 

Naphthalene 
mkg/
kg Trace Me 

PCB-8 mkg/kg Ar-1254 mkg/kg 

S ‰ Cd 
mkg/
l 

PCB-
18 

ng/l Ar-1260 ng/l 
Phen
ols 

mg/
kg 

−HCH 
mkg/
kg 

 PCB-
18 

mkg/
kg 

Acenaphthylene 
mkg/
kg 

As mg/kg PCB-18 mkg/kg Ar-1260 mkg/kg 

Secc
hi 

m 

Cо 
mkg/
l 

PCB-
31 

ng/l 
PAH’s  

TOC % 
γ-HCH 
(Lindane) 

mkg/
kg 

 PCB-
31 

mkg/
kg 

Fluorene 
mkg/
kg 

Cd mg/kg PCB-31 mkg/kg 
PAH’s  

Cu 
mkg/
l 

PCB-
28 

ng/l Naphthalene ng/l 
Trace Me 

Hexachlorobe
nzene 

mkg/
kg 

 PCB-
28 

mkg/
kg 

Acenaphthene 
mkg/
kg 

Cо mg/kg PCB-28 mkg/kg 
Naphthale
ne 

mkg/kg 

 
Hg 

mkg/
l 

PCB-
52 

ng/l Acenaphthylene ng/l Al g/kg Heptachlor 
mkg/
kg 

 PCB-
52 

mkg/
kg 

Phenanthrene 
mkg/
kg 

Cu mg/kg PCB-52 mkg/kg 
Acenaphth
ylene 

mkg/kg 

Chemical  
mkg/
l 

PCB-
49 

ng/l Fluorene ng/l As 
mg/
kg 

Aldrin 
mkg/
kg 

 PCB-
49 

mkg/
kg 

Anthracene 
mkg/
kg 

Hg mg/kg PCB-49 mkg/kg Fluorene mkg/kg 

O2 
%  

mg/l 
Zn 

mkg/
l 

PCB-
44 

ng/l Acenaphthene ng/l Cd 
mg/
kg 

Dieldrin 
mkg/
kg 

 PCB-
44 

mkg/
kg 

Fluoranthene 
mkg/
kg 

Pb mg/kg PCB-44 mkg/kg 
Acenaphth
ene 

mkg/kg 

BOD-5 mg/l Ni 
mkg/
l 

PCB-
66 

ng/l Phenanthrene ng/l Cо 
mg/
kg 

DDЕ 
mkg/
kg 

 PCB-
66 

mkg/
kg 

Pyrene 
mkg/
kg 

Zn mg/kg PCB-66 mkg/kg 
Phenanthr
ene 

mkg/kg 

рН  
units 
рН 

Cr 
mkg/
l 

PCB-
101 

ng/l Anthracene ng/l Cu 
mg/
kg 

DDD 
mkg/
kg 

 PCB-
101 

mkg/
kg 

Benzo(a)anthrac
ene 

mkg/
kg 

Ni mg/kg PCB-101 mkg/kg 
Anthracen
e 

mkg/kg 

N(NH4-) mkg/l Fe 
mkg/
l 

PCB-
110 

ng/l Fluoranthene ng/l Hg 
mg/
kg 

DDT 
mkg/
kg 

 PCB-
110 

mkg/
kg 

Chrysene 
mkg/
kg 

Cr mg/kg PCB-110 mkg/kg 
Fluoranthe
ne 

mkg/kg 

N(NO2-) mkg/l Mn 
mkg/
l 

PCB-
149 

ng/l Pyrene ng/l Pb 
mg/
kg PCBs total 

 PCB-
149 

mkg/
kg 

Benzo(b)fluorant
hene 

mkg/
kg 

Fe g/kg PCB-149 mkg/kg Pyrene mkg/kg 

N(NO3-) mkg/l 
OCPs  

PCB-
118 

ng/l 
Benzo(a)anthrac
ene 

ng/l Zn 
mg/
kg 

Ar-1254 
mkg/
kg 

 PCB-
118 

mkg/
kg 

Benzo(k)fluoranth
ene 

mkg/
kg 

Mn mg/kg PCB-118 mkg/kg 
Benzo(a)a
nthracene 

mkg/kg 

N org, mkg/l α-HCH ng/l 
PCB-
153 

ng/l Chrysene ng/l Ni 
mg/
kg 

Ar-1260 
mkg/
kg 

 PCB-
153 

mkg/
kg 

Benzo(a)pyrene 
mkg/
kg OCPs  

PCB-153 mkg/kg Chrysene mkg/kg 

N total mkg/l −HCH ng/l 
PCB-
138 

ng/l 
Benzo(b)fluorant
hene 

ng/l Cr 
mg/
kg 

  

 
PCB-
138 

mkg/
kg 

Dibenzo(a,h)anth
racene 

mkg/
kg 

α-HCH mkg/kg PCB-138 mkg/kg 
Benzo(b)fl
uoranthre
ne 

mkg/kg 
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Physical PW  
PCBs 
individual PCBs total  PS OCPs  

 PCBs 
individual PAHs PB PCBs individual PCBs total 

P(PO43-

) 
mkg/l 

γ-HCH 
(Lindane) 

ng/l 
PCB-
183 

ng/l 
Benzo(k)fluoranth
ene 

ng/l Fe g/kg 
  

 
PCB-
183 

mkg/
kg 

Indeno(1,2,3cd)p
yrene 

mkg/
kg 

−

 
mkg/kg PCB-183 mkg/kg 

Benzo(k)fl
uoranthre
ne 

mkg/kg 

Pоrg mkg/l 
Hexachlor
obenzene 

ng/l 
PCB-
174 

ng/l Benzo(a)pyrene ng/l Mn 
mg/
kg 

  

 
PCB-
174 

mkg/
kg 

Benzo(g,h,i)peryl
ene 

mkg/
kg 

γ-HCH 
(Linda
ne) 

mkg/kg PCB-174 mkg/kg 
Benzo(a)p
yrene 

mkg/kg 

P total mkg/l Heptachlor ng/l 
PCB-
177 

ng/l     

    

 
PCB-
177 

mkg/
kg 

  

Hexac
hlorob
enzen
e 

mkg/kg PCB-177 mkg/kg 
Dibenzo(a
,h)anthrac
ene 

mkg/kg 

Si(SiO3

) 
mkg/l Aldrin ng/l 

PCB-
180 

ng/l 
Dibenzo(a,h)anth
racene 

ng/l 
    

 
PCB-
180 

mkg/
kg 

  

Heptac
hlor 

mkg/kg PCB-180 mkg/kg 
Indeno(1,2
,3cd)pyren
e 

mkg/kg 

PW 
Dieldrin ng/l 

PCB-
170 

ng/l 
Indeno(1,2,3cd)p
yrene 

ng/l 
    

 PCB-
170 

mkg/
kg   

Aldrin mkg/kg PCB-170 mkg/kg 
Benzo(g,h
,i)perylene 

mkg/kg 

TPHs mg/l DDЕ ng/l 
PCB-
199 

ng/l 
Benzo(g,h,i)peryl
ene 

ng/l 
    

 PCB-
199 

mkg/
kg   

Dieldri
n 

mkg/kg PCB-199 mkg/kg 
  

TSS mg/ DDD ng/l 
PCB-
194 

ng/l 
     

  
 PCB-
194 

mkg/
kg   

DDЕ mkg/kg PCB-194 mkg/kg 
  

TOC mg/ DDT ng/l              DDD mkg/kg     

                 DDT mkg/kg     
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Scientific Report NPMS/JOSS 2017 is organized in eight chapters. The General Hydrographic 

conditions of the BS and Specific Hydrographic conditions during the surveys are discussed in 

Chapter I. Out of the 11 descriptors of the MSFD, indicator based assessments of 

environmental status are provided for 7 descriptors within dedicated chapters: Chapter II. 

Biodiversity (D1) and Habitat Integrity (D6) covering the biological components 

phytoplankton, zooplankton and macrozoobenthos; Chapter III. Non-indigenous species (D2); 

Chapter IV. Eutrophication (D5); Chapter V. Contaminants (D8); Chapter VI. Contaminants in 

biota (D9) and Chapter VII. Marine Litter. A special chapter is dedicated to the formulation of 

overall Progress, gaps and recommendations (Chapter VIII) stemming from the analysis of 

individual descriptors.  

It should be stressed that the NPMS and JOSS surveys in 2017 provided data from single cruises 

and the 12-months observations and related assessments of the environmental (MSFD) and 

ecological/chemical (WFD) status are only indicative. The information gathered in the 

Scientific Report was based on harmonised MSFD- and BSIMAP-compliant indicators and 

evaluated using commonly agreed regional status classification schemes. The Scientific Report 

is expected to contribute to the improvement of national monitoring programmes in Georgia 

and Ukraine towards full compliance with the MSFD and WFD as a part of their obligations 

within the association process with the EU. The outcomes will certainly support BSIMAP 

implementation in all three project partner countries, as well as assist the Black Sea 

Commission in the effort to develop the BS integrated monitoring system at the regional scale.  
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interactive-catalogue.php 

Figure I.5.2.1 - Transects in JOSS GE-UA 2017 

Figure I.5.2.2 - Transects in field of water surface temperature (VIIRS-NPP) 01.09.2018 

Figure I.5.2.3 –  Satellite image of surface temperature in central part of the Black Sea (Landsat- 
8) 28.08.2017  

Figure I.5.2.4 – The vertical distributions of temperature (a) and salinity (b) of the water 
according to transect No. 1 (29.05 - 30.05. 2017) 

Figure I.5.2.5 – Vertical distributions of water density (a) and oxygen dissolved in water (b) on 
the transect No. 1 in the Black Sea (transect No. 1). 

Figure I.5.2.6 – Vertical distributions of water temperature (a) and salinity (b) on the transect 
No. 2 in the Black Sea 

Figure I.5.2.7 - Vertical distribution of salinity in surface layer on transect No. 2 

Figure I.5.2.8 - Satellite spatial distribution of temperature in area of transect No. 3 

Figure I.5.2.9- Vertical distribution: a) the density of water and b) oxygen dissolved in water at 
central part of the Black sea (transects No. 2 and 3) 

Figure I.5.3.1 – Locations of site in NPMS 12: The Zernov’s phyllophora field in 2017 year 

http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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Figure I.5.3.2 — Vertical distribution of water temperature on the transect through ZPF in April 
(St. No. 4ph, 10 ph, 11 ph) 

Figure I.5.3.3 — Vertical distribution of water salinity on the transect through ZPF in April  

Figure I.5.3.4 – Vertical distribution of the water density of on the transect through ZPF in April 

Figure I.5.3.5 — Spatial distribution of salinity in the sea surface layer on the depths: 10 m, 20 
m and transparency in April 2017 year 

Figure I.5.3.6 - Vertical distribution of water temperature on the transect through ZPF in July 

Figure I.5.3.7 - Vertical distribution of water salinity on the transect through ZPF in July  

Figure I.5.3.8 – Vertical distribution of the water density of on the transect through ZPF in July 

Figure I.5.3.9 -  The locations of sites on the AERONET image for 19 September 2017 

Figure I.5.3.10 — Vertical distribution of water temperature on the transect through ZPF for 17 
- 19 August 2017 

Figure I.5.3.11 – Vertical distribution of water salinity on the transect through ZPF for 17 - 19 
August 2017 

Figure I.5.3.12 – Vertical distribution of water density on the latitudinal transect through ZPF 
for 17 - 19 August 2017 

Figure I.5.3.13 -Vertical distribution of temperature (a) and salinity (b) of sea water in the 
mixing zone of NWBS by averaged values for period 1990 - 2005 (solid line) and by expeditions 
data (July-August) in 2017 (dotted line) 

Figure I.5.3.14 -  Spatial distribution of chlorophyll-a by system of AERONET, 19 September 
2017 year 

Figure I.5.3.15 - Spatial distribution of temperature and salinity of sea water on the surface of 
water and depths 7 m and 20 m 

Figure I.5.3.16 - Distribution of salinity in surface layer of NWBS, 20 August 2017 
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php). 

Figure I.5.3.17 – Spatial distribution of the density on the 20 m depth in August 2017 

Figure I.5.3.18 – Vertical distribution of salinity in transect along the northern coast of NWBS, 
20 September 2017 year 

Figure I.5.4.1 - Vertical distribution of hydrogen sulphide (μM/l)  on the transect over the 
central part of the Black Sea in 2017 

 

 

  

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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I.1. Introduction 

The Black Sea is an inland Eurasian sea that is almost cut off from the rest of the world’s 

oceans. The sea is located between latitudes 40° 56’N and 46° 33’N, and longitudes 27° 27’E 

to 41° 42’E. Geographical and hydrological boundaries of Black Sea Basin are presented on Fig. 

I.1.1. It is over 2 200 m deep and receives the drainage from a 1.9 million km2 basin. The area 

of the Black Sea is about 423 000km3, the volume of water in the sea is about 538 000 km3.  

The seabed is divided into the shelf, the continental slope and the deep-sea depression (Fig. 

I.1.2). The shelf occupies about 25% of the sea bottom area. The shelf is divided into interior 

(that may coincide with the underwater slope of the coastal zone), intermediate and exterior 

ones. The continental slope constitutes almost 40% of the bottom and is bounded by the 

isobaths of 100 and 2000 m. The depression bottom (below the isobath of 2000 m) makes 

almost 35% of the bottom area and represents an accumulation plain slightly inclined 

southward. 

 

Figure I.1.1. Geographical and hydrological boundaries in the Black Sea Region (BSERP, 
2007, http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm). 

  

http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm
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Figure I.1.2. Black Sea bathymetry (Eremeev at al., 2009). 

 

The Вlack Sea is the largest meromictic basin on the planet. Its uniquely characteristic feature 

is the presence of relatively thin surface layer of aerobic water and a powerful hydrogen 

sulphide zone (H2S-zone) (Fig. I.1.3), which is located at depths of more 90-160 m and covers 

about 87% of the volume of the sea (Skopintsev, 1975). 

 

Figure I.1.3. Relief of the Black Sea Н2S-zone surface to the north from the transect Strait 
of Bosporus –Strait of Kerch (based on many years’ data for summer season). 

As a natural phenomenon, the anoxic layer has ever since caused an acute interest amongst 

oceanographers throughout the world. Among the various areas of study of the H2S-zone 

(spatial-temporal distribution of H2S in the water column; the balance of H2S in the Black Sea; 

the role of anaerobic zones in biogeochemical cycle of organic and inorganic substances) 
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unconditional priority is given to the problem of spatial-temporal changes of the position of 

anaerobic waters (SBSE: UA, 2002). 

This problem is not only of academic but also of practical interest in connection with the 

advent of the 80-ies in the press of a number of messages about changes of the depth of the 

upper boundary of the hydrogen sulphide zone and assumptions about the possibility of 

imminent penetration of anaerobic waters in the aerobic layer and in the atmosphere (Murray 

at al., 1989, Faschuk at al., 1987, Ryabinin at al., 1989). Moreover, these changes have been 

associated exclusively with human influence. 

A. A. Bezborodov and V. N. Eremeev (Bezborodov at al., 1993) conducted an analysis of the 

entire historical dataset on the distribution of hydrogen sulphide in Black Sea waters, which 

confirmed the absence of an unidirectional trend of the depth of the upper boundary of the 

anaerobic waters. It has been shown that the spatial and temporal variability of the position 

of this boundary is primarily determined by synoptic and seasonal variations of the 

hydrological structure of waters of the sea. Depth of occurrence of hydrogen sulphide in Black 

Sea waters corresponds to an average value of the conditional density of water σt =16.18. 

Close values of the conditional density given in Neretin at al. 2001, Vinogradov & Nalbandov, 

1990 and other researchers, which shows about dynamic equilibrium between the formation 

and loss of hydrogen sulphide. 

The appearance of the monograph (Bezborodov at al., 1993) to a large extent stopped 

speculating on the subject of environmental disaster due to the rise of the upper boundary of 

the H2S layer. However, the question of the rhythmicity of the oscillations and constant 

unidirectional change trend depth remains controversial. Over the last 20 years the hydrogen 

sulphide layer has experienced 20-25 meters rise that can be explained by the excessive influx 

of allochthonous organic matter. 

Aerobic and anaerobic ecosystems stably coexisted in the Black Sea around 7,500 years 

(Bezborodov at al., 1993). However, we should not forget about unidirectional and noncyclic 

influence on the ecosystem of the Black Sea and such factors as: water withdrawal and 

seasonal redistribution of river runoff; pollution of coastal waters; climate change. Therefore, 

continued monitoring of the topography of the border of the H2S zone remains one of the 

important areas of research of the Black Sea. 

Isolation from Open Ocean makes the Black Sea vulnerable to eutrophication (the 

phenomenon that results from an over-enrichment of the sea by plant nutrients). 

Eutrophication has caused essential changes in the Black Sea ecosystem in the past three 

decades. Main reason of eutrophication is river runoff. Every year, about 350 km3 of river 

water enters the Black Sea from an area covering almost a third of continental Europe and 

including significant areas of eighteen countries: Austria, Belarus, Bosnia and Herzegovina, 

Bulgaria, Croatia, Czech Republic, Georgia, Germany, Hungary, Moldova, Slovakia, Slovenia, 

Romania, Russia, Turkey, Ukraine, Yugoslavia. Europe’s second, third and fourth largest rivers 

(the Danube, Dnipro and Dnister) all flow to the Black Sea. 

The Oceanographic survey atlas (Eremeev at al., 2009) have been used as climate basis to 

follow analysis of the meteorological characteristics, hydrological structure and hydrodynamic 

of the Black Sea during the EMBLAS’ expeditions: NPMS and JOSS.   
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I.2. General meteorological and hydrological background 
of the Black Sea 

Climatic conditions of the Black Sea are determined by their geographical position and general 

atmospheric circulation. The northern part of the Black Sea is located in the southern part of 

the moderate climate zone, and the southern part of the Black Sea - in the northern part of 

the subtropical climatic belt. In January mean air temperature above the central part of the 

Black Sea is 8°C, in the north-western part it decreases to 0-3°C with the absolute minimum -

30°C (Eremeev at al., 2009). Mean air temperature in July is 22-24°C with its maximum 35°C. 

Average monthly wind speed is maximal in January-February (7-8 m/s) and minimal - in June-

July (4-6 m/s) (Fig. I.2.1).  

Figure I.2.1. Seasonal dynamic of atmospheric pressure and wind speed over the Black Sea 
(Eremeev at al., 2009). 

In the coastal zone of the northern part of the Black Sea water temperature varies from the 

values of water freezing (-0.97°C at the salinity 18%o and -0.54°C at the salinity 10%o) to 28-

29°C under maximum warming-through (Fig. I.2.2). Mean water temperature in the Black Sea 

is about 9°C. The thermal structure of the Black Sea is characterised by presence of cold 

intermediate layer (CIL), i. e. subsurface (40-80 m) layer of minimum temperature which is 

traditionally distinguished by the isotherm about 8°C. Below 75-100 m temperature 

monotonically increases with depth up to 9.1°C on the bottom. 

Salinity of the Black Sea surface layer (18%o) is almost half as much as that of the World Ocean 

surface water. Average salinity in the Black Sea increases monotonically from the surface 

(17.6%o in May and 18.1 %o in February - Fig. I.2.3) to the bottom (22.33%o). The abyssal part 

of the sea receives highly saline water of the Sea of Marmara with the Lower Bosporus current. 

The vertical haline structure is characterized by presence of two haloclines (the layers of 
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salinity sudden change): the seasonal one - in the 0-30 m layer and the constant one - in the 

50-200 m layer. 

The peculiarities of the thermohaline structure of the Black Sea water consist in a sudden 

change of density (conventional density reaches 16.15-16.25) called a main pycnocline. It 

results in a considerable restriction of the vertical water exchange. 

The water masses and the structure of the Black Sea water are formed as a result of interaction 

of the Sea of Marmara water mass brought by the Lower Bosporus current and fresh water 

from rivers and precipitations. Five types of the Black Sea water masses are distinguished 

(Eremeev at al., 2009). They differ in their thermohaline characteristics: the coastal Black Sea 

water mass, the upper Black Sea water mass, the cold intermediate layer, the intermediate 

Black Sea water mass and the abyssal Black Sea water mass.  

Figure I.2.2. Seasonal dynamic of water temperature of Black Sea at the depth 0 m 
(Eremeev at al., 2009). 

 

 

  



Scientific Report – Joint Black Sea Surveys 2017 

 

38 

 

Figure I.2.3. Seasonal dynamic of water salinity of Black Sea at the depth 0 m  
(Eremeev at al., 2009). 

 

I.3. The Black Sea circulation 

Current circulation in the Black Sea is characterised by a cyclonic system of currents flowing 

along the continental slope (Rim Current), western and eastern cyclonic gyres in the open sea, 

and near-shore anticyclonic eddies (NAEs) between the Rim Current and the shore circulation 

(Knipovich, 1933; Neumann, 1942; Bogatko et al., 1979; Ovchinnikov and Titov, 1990; Altman 

et al., 1990; Oguz et al., 1993; Titov, 1999; Korotaev et al., 2001, 2003 and others), (Fig. I.3.1).  

 

Figure I.3.1. Water circulation in the Black Sea (Eremeev at al., 2009). 
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In the Black Sea the cyclonic water stream breaks up into two cyclonic circulations in the 

western and eastern parts of the sea in June - December. In the same period under the 

decreased intensity of the general circulation of the sea, the anticyclonic eddies are developed 

localizing in the zone of the continental slope.  

Hydrodynamic of the north-western part of the Black Sea is rather difficult and depends on 

number of factors: wind strength and direction, river runoff, anticyclonic eddies moving 

lengthways along continental slope southwestwardly, Rim Current’s intensity so on (Komorin 

et al., 2008; Popov & Polonsky, 2014; Popov & Ruban, 2015). Seasonal fields of integral sea 

currents for the most probable wind situations over NWBS presented on Fig. I.3.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I.3.2. Seasonal fields of integral sea currents (m/s) for the most probable wind 
situations over NWBS: (a) north-western wind 7,5 m/s, (b) north-eastern wind 7,5 m/s - for 

winter; (c) south-east wind 5,5 m/s for spring, (d) north wind 5 m/s - for summer, (e) 
western wind 7 m/s  (Komorin et al, 2008). 

 

The current structure in the Kerch Strait where the water flows can be directed from the Black 

Sea to the Sea of Azov and vice versa depending on the wind direction is the most complex 

(Tuchkovenko, Komorin, Ilushin, 2005). Under the prolonged winds the compensation 

currents directed against the wind occur in the strait. 

 

d) 

a) b) 

c) 

e) 
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I.4. Meteorological and hydrological description of the 
main physical parameters during the NPMS GE, NPMS 
UA, JOSS GE-UA, JOSS RF and NPMS RF 

I.4.1. Data and methods 

The main characteristics and the identification of the Black Sea waters are performed using 

physical parameters analysis (temperature, salinity, density and currents) and analysis of 

meteorological parameters influencing the sea water. Analysis has been done for three 

regions of the Black Sea differing by hydrophysical features: North-western part of the Black 

Sea investigated in NPMS UA (NWBS), Central part of Black Sea investigated in JOSS GE-UA 

and JOSS RF (CBS), Eastern part of the Black Sea investigated in NPMS GE and NPMS RF (EBS). 

The graphical distributions of the air and sea physical parameters were obtained using Surfer 

Golden Software and programme “Hydrolog” (Marine Hydrophysical Institute, Ukraine).  

Princeton Ocean Model, usually called POM, has been used for calculation of the three–

dimensional velocity distribution on NWBS. The model was developed and applied to 

oceanographic problems at Princeton University by George Mellor and Alan Blumberg in 1977 

(Mellor, 1982; Blumberg&Mellor, 1987; Mellor, 1991). The model is under GNU license. It can 

be downloaded from http://www.aos.princeton.edu/WWWPUBLIC/ htdocs.pom.  The POM 

has been adopted to north-west part of the Black Sea at UkrSCES (Komorin at. all, 2009).  

Meteorological data were provided by the Hydrometeorological Centre of the Black Sea and 

Azov Sea, Odessa. 

The following Internet resources were used for the analysis of hydrological features of the 

Black Sea: 

1) MyOcean daily mean fields of the sea surface currents.  

The basin-scale model is used for continuous analysis and forecast of the Black Sea 
circulation and stratification. The model output includes dynamical sea level, three-
dimensional fields of current velocity, temperature and salinity. The basin-scale model 
assimilates satellite altimetry data provided by SL TAC, sea surface temperature 
provided by OSI TAC, and TS profiles provided by INSITU TAC. Model couples with bio-
optical model to specify better parameterization of absorption of the short-wave 
radiation. The data of atmosphere forcing come from SKIRON MFSTEP Atmospheric 
Modeling and Weather Forecasting Group, University of Athens, Greece 
(www.myocean.eu). 

2) Data from channels of observation of the sea surface temperature (SST) by infrared 
radiometer AVHRR (NOAA), the color of the ocean, the long wave radiation of the 
water surface (WLR) and visual data systems AERONET by scanners to satellites 
SeaWiFS, Aqua and Terra MODIS: 

http://podaac.jpl.nasa.gov; 
http://oceancolor.gsfc.nasa.gov; 
http://www.aviso.oceanobs.com; 
http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet. 

http://www.aos.princeton.edu/WWWPUBLIC/%20htdocs.pom/
http://www.myocean.eu/
http://podaac.jpl.nasa.gov/
http://oceancolor.gsfc.nasa.gov/
http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet
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I.5. Results and discussion 

I.5.1. Hydrometeorological and hydrodynamical features of the 
Black Sea 

April. Atmosphere dynamic in a few days before expeditionary work was determined by the 

influence of the local cyclone located over the eastern area of the north-western part of the 

Black Sea.  From 8.04 to 10.04 northern wind reached storm marks. During April 11, the 

direction of the wind changed to the southern direction. Wind speed was about 3 m/s in 

afternoon and it was strengthening of wind up to 10 m/s after 18 h. During expedition there 

were weak wind from 2 m/s to 4 m/s with changes of directions from North-West to West. 

а)  b)  

 c)  d) 

 

Figure I.5.1.1 -Pressure system over Black Sea region in a) 12.04.2017, b) 11.07.2017, 
c) 28.08.2017, d) 31.08.2017 (charts obtained from metoffice.gov.uk). 

 

July. From 6 to 9 July of 2017 the stormy weather above the Black Sea basin was caused by 

cold front passing throve the high pressure area associated with the cyclone centered over 

north-eastern part of Europe with minimum pressure 995 HPA. Downpour weather activity 
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with a strengthening southern wind from 12 m/s up to 15 m/s was observed in the North-

western part of the Black Sea in the period from 6 to 9 July. 

The waves of the Black Sea were up to 1.0-1.5 m. There was calm weather caused by slowly 

gradient field of relatively high pressure during the period of work from 10 to 12 July. The 

waves at the NWBS were from 0.25 m to 0.5 m. There were not any strong southern winds. 

August. Thunder-activities with strong downpours were observed from 14 to 17 September 

with strengthening of wind activity mainly Northern and North-Eastern directions in from 2 to 

20 m/s. 18-20 September there was northern wind 5-10 m/s.  

During August, 28-29 the system of cold fronts formed the weather over the Black Sea basins. 

There were increasing wind with north-western direction up to 12-15 m/s. Waves were up to 

1.5-2.0 m.  August, 30-31 the slow weather activity caused by the weak gradient of the 

pressure field was observed  

September. During September, 1-3 the weather was defined by the field of high pressure with 

moderate wind. September, 4-5 the cold front passing in Asian depression field strengthened 

wind of north-western directions up to 12-15 m/s and the waves – up to 1.2-1.5 m. 

The surface current fields (Fig. I.5.1.2), calculated for the meteorological fields described 

below, corresponded to the general circulation of an open part of the Black Sea for the 

described seasons. 

a) 
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b) 

c) 
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d) 

Figure I.5.1.2 - Fields of the sea surface currents (2.5m) of the Black Sea during NPMS 
and JOSS GE: a) 30 August 2017, b) 31 August 2017, c) 01 September 2017, d) 01 

September 2017 (MyOcean Black Sea Physics Analysis and Forecast 
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php 

I.5.2. Hydrophysical features of the continental slope and central 
part of the Black Sea (JOSS GE-UA 2017) 

Observations on stations at 3 transects were fulfilled during JOSS GE-UA 2017, August - 

September 2017 year. Schematic description of transects are presented on Fig. I.5.2.1. 

 

Figure I.5.2.1 - Transects in JOSS GE-UA 2017 

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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Distribution of surface temperature by satellite image with the transects are presented on Fig. 

I.5.2.2 and I.5.2.3 to identify surface hydrological structures crossed by these transects. 

 

Figure I.5.2.2 - Transects in field of water surface temperature (VIIRS-NPP) 01.09.2018 

 

Figure I.5.2.3 –  Satellite image of surface temperature in central part of the Black Sea 

(Landsat- 8) 28.08.2017 

Marine hydrodynamic characteristics have a significant impact on temporal and spatial 

distributions of hydrochemical and hydrobiological parameters. Therefore, let’s begin to 

consider the hydrodynamic features using satellite data. 
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The most complicated thermal and dynamic conditions were observed on the continental 

slope and deep sea area near of north-western shelf of the Black Sea (transect No. 1 and on 

the western part of the transect No. 2). Composited satellite images (Fig. I.5.2.3) enable to 

highlight in this area three interrelated hydrological structures with mushroom shape: East 

one with the central line of the structure according to NNE; West one with the axis from the 

structure in WSW direction; and a third smaller structure with the axis to Western direction 

from southern part of the Kalamitsky Gulf (Fig. I.5.2.2). 

 

Continental slope near north-western part of the Black Sea 

Transect No. 1 had the meridian direction from shelf to the deep part of the Black Sea, crossing 

the continental slope. Minimum depth was determined at station No. 1 (25 m), maximum – 

station No. 5 (1919 m). The vertical distributions of temperature and salinity of the water 

according to transect No. 1 are presented on Fig. I.5.2.4. 

  

a) b) 

Figure I.5.2.4 – The vertical distributions of temperature (a) and salinity (b) of the water 
according to transect No. 1 (29.05 - 30.05. 2017) 

Layered structures in the vertical distributions of temperature typical for the summer were 

observed. The depth of the upper homogenous layer with water temperature of 22-24°C was 

15-22 m. Under homogenous layer there was seasonal thermocline layer 5-10 m. Below it was 

the layer of monotone decreasing temperature. Cold intermediate layer (CIL) was observed 

on the southern stations in deep water.  The upper border of CIL was located on the depths in 

38 m (St. No. 4). and 48 m (St. No. 5). Water temperature constantly increased by depths in 

layer that was below CIL. 

Station No. 4 was located in the cyclonic part, and station No. 5 - in anti-cyclonic one of West 

structure. That affected to the upper depths of CIL and the wavy shape of the isotherm 

thermocline.   

The winter 2016-2017 was colder than the four previous winters according to the value of the 

integral sum of atmospheric temperatures below + 5°C (UkrSCES data, Orlova at al., 2008). In 

May of 2016 minimal water temperature of CIL was 8.27°C. Process forming water of CIL 
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during winter of 2017 caused to decreasing of water temperature on 1°C (minimum value - 

7.42° on St. No. 4). 

The distribution of salinity on transect No. 1 was characterized by horizontal heterogeneity. 

On first three stations the surface layer in 20 m was occupied by shelf water with salinity below 

17.5‰ and a minimum value of 16.2 ‰ (St. No. 1). The depth of their distribution was limited 

to the upper boundary of the seasonal pycnocline. Maximum of vertical salinity gradient 0.9‰ 

was marked on the St. No. 1.  Below pycnocline water layer were water mass of open sea. 

Seasonal thermocline layer was located at a depth of 15-30 m and explained by as thermic as 

salinity reasons (Fig. I.5.2.5a). The layer of oxygen maximum with extreme values on two 

southern stations-340 and 366 µ m/l located at the bottom part of shift of density and directly 

under it in a layer of 20-50 m (Fig. I.5.2.5b). 

 
 

a) b) 
Figure I.5.2.5 – Vertical distributions of water density (a) and oxygen dissolved in water (b) 

on the transect No. 1 in the Black Sea (transect No. 1). 

A specific feature of vertical distribution of oxygen is existing of oxygen minimum layer below 

the seasonal pycnocline. Here the value of dissolved oxygen was up to 120 µ m/l, or 41% of 

saturation. It pointed to a very late start of development of hypoxia processes the 

intermediate layer during 2017 (Popov & Ruban, 2015). Sevastopol eddy was absent in area 

of its usual location. It was replaced by hydrological structures with mushroom shape. 

 

Central part of the Black Sea 

Observations in the deep waters was performed during the period from 30 August to 3 

September. Domed shape water mass distribution with peak at depths of 35-40 m was for all 

the isohalines of vertical profiles on transect No. 2. This configuration demonstrated the 

existence of a cyclonic circulation and rising of water in the central part. 

Thermal state of the surface water layer was characterized by significant spatial variations of 

temperature. The lowest water temperature marked on the station No. 6, located in the 

Eastern mushroom shape structure (Fig. I.5.2.3). Cold water for this season and area of sea 

with temperatures 19.3°C taken by Sothern currents structure while surface layer 

temperature was 23 - 24°C on neighboring stations (Fig. I.5.2.2). According satellite data the 
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mushroom shape water structure lived during ten days until September 5, then transformed 

into cyclonic vortex. 

Hydrodynamic processes influenced to the location of the thermocline layer. Depth of its 

upper border ranged from 14 to 19 m with power from 2 to 6 m. The minimum value 2 m was 

recorded in the core of climatic dome (St. No. 7). 

CIL was below the thermocline layer. The boundary of its distribution was identified by 

isotherm 8°С.  The extreme lowest temperature of water in the CIL of the deep sea 7.38°C. 

The minimum distance between the top and bottom borders was 3 m on St. No. 7. 

  
a) b) 

Figure I.5.2.6 – Vertical distributions of water temperature (a) and salinity (b) on the 
transect No. 2 in the Black Sea 

It should be noted that power of CIL was weaker in a few days (from 28 to 13 m). Multilayered 

structure of water salinity was defined: the suffer homogenized layer (SHL), salinity shift layer, 

inversion layer, the lower homogenized layer, halocline layer and a layer with monotone 

increasing of salinity. SCL with salinity 18.3-18.6‰ distributed to the depths of the upper 

border of the thermocline.  

 
Figure I.5.2.7 - Vertical distribution of salinity in surface layer on transect No. 2 
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The maximum value of salinity gradient in halocline was 0.1‰ per meter.  Observations of 

temperature and salinity on St. No. 4; 5; 8 were made to a depth of 1000 m. The values of 

temperature and salinity on maximum depth were 8.96°C and 22.28‰ respectively. 

 

Figure I.5.2.8 - Satellite spatial distribution of temperature in area of transect No. 3  

The distribution of hydrological parameters of surface water of sea in 200 m on the transect 

No. 3 was caused by complex hydrodynamic situation emerged in the South-Eastern part of 

the Black Sea during the expedition works. Buffering of Rim Current’s structure and turning its 

main current to the North was observed in this area. 

Isotherms in the surface layer in 30 m had a wavy shape. The upper bound of the thermocline 

layer varied from 9 m to 17 m. Maximum vertical gradient of 5°C marked on St. No. 12. 

In the area of intensification of the Batumi eddy (St. No. 10) was established the most 

extensive core of CIL. Temperature in the core was minimal for all values of temperature 

during all expedition.  The isotherm 7.20°C occupied layer 60 - 74 m. Minimum value 7.196°C 

observed at a depth of 69 m.  

The height of CIL in the area of the Batumi eddy was 70 m. It should be noted that considerable 

elevation above seasonal thermocline was expressed at the top of the dynamic structure, in 

particular, the middle part of it was between 10 and 20 m. It speaks about the importance of 

energy in this process, presumably that compensated dynamically the deep anticyclonic 

vorticity. 

Vertical distribution of dissolved oxygen in water is represented in Fig. I.5.2.9b. Maximum 

values of its contents were found in the western part of transect No. 2 (St. No. 5) and extensive 

one in the Eastern part (340-360 µm/l - St. No. 7, 8). Traces of oxygen were found on the 

horizons of 90 - 110 m. The lower boundary of oxygen in area of the Batumi eddy has been 

significantly deeper and amounted to 160 - 170 m (St. No. 10). 
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a) b) 

Figure I.5.2.9- Vertical distribution: a) the density of water and b) oxygen dissolved in 
water at central part of the Black sea (transects No. 2 and 3) 

I.5.3. Hydrophysical features of the north-western part of the 
Black Sea (NWBS) 

In 2017, the NPMS expeditionary work in 

NWBS were carried out by UkrSCES in four 

phases.  Three of them were carried out 

according to the Programme of 

observations of the NPMS 12-months ZPF; 

the 4th was according to the Programme of 

NPMS 2017. 

The first phase took place in the period 

from 11 to 14 April. At this stage, 

observations on four complex ecological 

stations and two additional ones were 

performed. The observations on four 

stations of the second stage were fulfilled 

from 9 to 11 July. A third and fourth ones 

were fulfilled back to back during 16 - 20 

September (NPMS 12-months ZPF – 4 

stations, NPMS 2017 – 7 stations). 

Lacations of sites are presented on Fig. 

I.5.3.1. Research expeditions were 

conducted on the vessel “Auguste Picard”. 

 

Figure I.5.3.1 – Locations of sites in NPMS 12-months Zernov’s Phyllophora Field in 2017 
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Hydrophysical features of NWBS in April 2017 

According to the zoning of NWBS prepared by UkrSCES (Orlova at al., 2008), ZPF is located in 

the area of the mixing of estuaries water masses with shelf water masses as well as water 

masses of open sea.  

Meteorological observations from the vessel in April are presented in Table I.5.3.1. The waves 

were considered by the excitement scale of Significance Wave Height (SWH).  

Table I.5.3.1 – Meteorological observations from the vessel in April 2017 

Data St. No. № Time Wind Cloudiness 

 

Wave 

Direction, deg. Speed, m/s 

11.04 11 ph 8.00 150 2,7 1-2 1 

11.04 10 ph 18.00 160 8,5 1-2 3 

12.04 9 ph 8.00 170 3,5 2-3 2 

12.04 9-А ph 17.00 320 2,0 2-3 1 

13.04 4 ph 8.00 260 2,0 3-4 1 

13.04 4-А ph 17.00 260 4,0 3-4 2 

The first phase of the work coincided with the beginning of hydrological spring and the 

beginning of processes intensification related with the worming of the surface water layer. 

According to the satellite observations of the temperature in the surface layer the 

temperature of the water of the sea was increased on three degrees during the first decade 

of April. 

 

Figure I.5.3.2 — Vertical distribution of water temperature on the transect through ZPF in 
April (St. No. 4 ph, 10 ph, 11 ph) 

 

The surface relatively warm homogeneous layer spread to a depth about 10 m. This layer was 

formed as a result of mixing caused by earlier storms. The temperature decreased 

monotonically by the depth. The water with the winter temperatures from 4.9ºC to 5.4ºC was 

survived at shallower stations in bottom water conservative layer with thickness from 2 to 5 

m. 
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Figure I.5.3.3 — Vertical distribution of water salinity  
on the transect through ZPF in April 2017 

 

The value of the sea salinity during the expedition ranged from 16.2% to 18.6%. The mixing 

process of shelf waters with the waters of the open sea influenced primarily to the distribution 

of salinity as vertically, as horizontally. Researches of UkrSCES have shown that border region 

of their interaction can be identified by isohaline 17.5% (Popov & Ruban, 2015). 

The vertical distribution of salinity component in this period of the year makes a major impact 

to the distribution of the water density because the vertical gradients of temperature is still 

insignificant. 

 

Figure I.5.3.4 – Vertical distribution of the water density  
of on the transect through ZPF in April 2017 

 

An overview of the boundaries of the spread of shelf water can be folded around by the Fig. 

I.5.3.5. The distribution of salinity on the depths 0, 10 and 20 m are represented. 
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Shelf waters is highlighted in yellow. Analysis shows that the contribution of shelf waters in 

the overall balance of the water was decreased by depth. On the horizon of 20 m, they occupy 

only a small part of the eastern border (St. No. 11ph). 

       

а       b 

     

c      d 

                                   а) surface layer;  
                                   b) depth 10 m; 
                                   c) depth 20 m; 
                                   d) transparency in April, 2017. 

Figure I.5.3.5 — Spatial distribution of salinity in the sea surface layer on the depths: 10 m, 
20 m and transparency in April 2017 

 

Distribution transparency replicated the distribution of salinity in the surface layer into their 

basic outline. It should be noted especially that on 12 April 2017 the maximum transparency 

of sea water in the history of observations by vessels of UkrSCES in NWBS was measured at 

the St. No. 9Aph. It was 17 meters. Transparency of water decreased to 7 m when near the 

shore. 
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Hydrophysical features of NWBS in July 2017 

Meteorological observations from the vessel in July are presented in Table I.5.3.2. 

Table I.5.3.2 – Meteorological observations from the vessel in July 2017 

Data St. No. Time Wind Cloudiness Wave 

Direction, deg. Speed, m/s 

10.07 11 ph 10.00 160 2,0 0 1 

10.07 10 ph 17.00 120 5,5 0 2 

11.07 9 ph 7.00 180 2,0 0 1 

11.07 4 ph 18.00 210 2,0 4 1 

During the summer, the waters of the NWBS were characterized by intensive worming of the 

surface layer and formation of thermocline. 

 

Figure I.5.3.6 - Vertical distribution of water temperature  
on the transect through ZPF in July 2017 

Surface homogenized layer with temperatures of 22 - 23°C spread to the depths of 10 - 12 m. 

In average upper boundary of thermocline was located at depths of 13 - 15 m with 

temperatures 21 - 22°C. The lower boundary of the layer with temperatures from 9 to 11°C 

was located at depths of 18 - 20 m. Power of thermocline ranged from 5 - 6 m except for the 

St. No. 6 located deeper where the lower limit of the thermocline was 25 m and the thickness 

of the layer increased up to 10 m. Maximum of vertical temperature gradient was observed 

on St. No. 10ph and amounted to 3.4°C in 1 m.  

Increasing of temperature vertical gradient on this station is linked to the rising of colder 

waters in the bottom layer. It can be assumed that it is caused by intermittent topographic 

whirlwinds on roughness of bottom surface. Actual profile of bottom surface is marked with 

a dashed line on Fig. I.5.3.6.  

On St. No. 4ph and 10ph, the bottom homogeneous layer with a capacity from 2 to 5 m was 

detected. A similar distribution of temperature by depth is characteristic for the summer 

hydrological season of NWBS. 
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Analysis of the distribution of sea salinity showed that the shallow water with salinity from 

14.8% to 17.3% dominated in the western part of transect from the surface to the bottom 

(Fig. I.5.3.7). Further East, their distribution was limited by the depth of a thermocline layer. 

The maximum salinity 18.09% was in the bottom layer on the St. No. 9 ph. 

 
Figure I.5.3.7 - Vertical distribution of water salinity  

on the transect through ZPF in July 2017 

In the surface layer in 10 m the salinity decreased in the direction from West to EaSt. No. The 

minimum salinity 14.80% was detected on the depth 5 m St. No. 10.  Depth of salinity spike 

was at the depth of 15 - 20 m on the stations 10ph and 11ph. Its location was the same as 

location of thermocline. The highest vertical gradients of salinity (0.41‰ per meter) was on 

St. No. 11 in a layer 14 - 18 m.  The vertical spread of sea salinity, as well as temperature, can 

be traced in bottom homogeneous layer. 

 
Figure I.5.3.8 – Vertical distribution of the water density  

on the transect through ZPF in July 2017 

The transparency of sea water on all stations was 4 m except St. No. 10, where transparency 

was 6 m. 
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Hydrophysical features of NWBS in August 2017 

Data obtained during the NPMS UA, NPMS 12 months ZPF and partly during JOSS GE-UA 2017 

in August 2017 were used for the analysis of spatial distribution of hydrological parameters. 

Locations are presented on Fig. I.5.3.9. Meteorological observations from the vessel in August, 

2017 are presented in Table. I.5.3.3. 

 

Figure I.5.3.9 - The locations of sites on the AERONET image for 19 September 2017 

The range of temperature fluctuations of sea water in ZPF in August 2017 was between 8.6  

and 25.4°C. Surface homogenized layer with average temperature of 25°C was shared to the 

depths in 12 m. Surface layer temperature was higher than temperature in July by two 

degrees. There was the bottom homogenized layer with thickness of 8 and 15 m respectively 

on St. No. No. 9ph, 11ph located in the deeper part of the area. 

A thermocline layer was just below surface homogenized layer. The upper border of it was 

limited by isotherm 24°C. The maximum vertical temperature gradient was at the St. No. 4ph 

and amounted to 3.4°C per meter. The lower boundary of thermocline shared to 23 m at St. 

No. 4ph. 

Table I.5.3.3 – Meteorological observations from the vessel in August 2017 
Data St. No. Time Wind Cloudiness Wave 

Direction, deg. Speed, m/s 

16.08 1w 6.00 310 5 1 1 

16.08 2w 12.30 320 9 1 2 

16.08 3w 18.00 30 2.2 2 1 

16.08 4w 18.00 0 3.0 2 1 

17.08 4ph 9.00 10 2.0 3 1 



Scientific Report – Joint Black Sea Surveys 2017 

 

57 

Data St. No. Time Wind Cloudiness Wave 

Direction, deg. Speed, m/s 

17.08 9 ph 18.20 5 2.0 3 1 

18.08 10 ph 06.00 10 7.0 2 2 

18.08 11 ph 12.45 10 5.0 1 2 

19.08 5w 11.00 0 5.0 1 2 

20.08 6w 6.30 30 7.0 1 2 

20.08 6-Aw 11.00 0 7.0 2 2 

20.08 7w 12.00 10 5.0 2 2 

 
Figure I.5.3.10 — Vertical distribution of water temperature  

on the transect through ZPF from 17 till 19 August 2017 

 

Figure I.5.3.11 – Vertical distribution of water salinity  
on the transect through ZPF from 17 till 19 August 2017 

The salinity of sea water was changed from 15.8% to 18.1%. Salinity of surface layer of water 

was 17.5% that is usual for the summer season. The upper limit of halocline layer was deeper 
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than the upper limit of the thermocline. It was in the depth of 15 m. Bottom homogeneous 

layer was on the deepest stations of the area No. 9ph and 11ph. The maximum vertical 

gradient of salinity 0.36 per meter was observed in the bottom layer on the St. No. 10ph. 

Obviously, the sea water at depths below 22-23 m belonged to the surface water masses of 

the open sea. 

Hydrological structure of ZPF area in 2017 compared with long-term data obtained by UkrSCES 

during 1990 – 2005 can be characterized by the graphs presented in Fig. I.5.3.13. 

 

Figure I.5.3.12 – Vertical distribution of water density  
on the latitudinal transect through ZPF from 17 till 19 August 2017 

  

          

Figure I.5.3.13 -Vertical distribution of temperature (a) and salinity (b) of sea water in the 
mixing zone of NWBS by averaged values for period 1990 - 2005 (solid line) and by 

expeditions data (July-August 2017; dotted line). 
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Distribution of temperature in surface layer was characterized by increasing of temperature 

by 3°C in comparison with the long-term data. We can assume that increasing the temperature 

of the water surface layer in the summer period is associated with sustained positive trend of 

air temperature specified for the past decade (see Fig. I.5.3.14). 

The salinity of sea water in the surface layer was lower than perennial. Obviously, in 2017, 

shelf eater dominated in the mixing area of NWBS during expeditions time. 

 

Figure I.5.3.14 -  Spatial distribution of chlorophyll-a by system of AERONET,  
19 September 2017 

The area of algae bloom and main circulation processes of mixing waters of the surface layer 

could be appreciated by satellite image presented on Fig. I.5.3.14. Dynamic streams can be 

clearly seen also in the field of RRS_555 presented in Fig. I.5.3.14. Distribution of algal blooms 

clearly traced their way to south direction until continental slope, where they were attracted 

to the dynamic system of open sea. In the picture we can see that the water of the Danube 

River spread in a southerly direction along the coast of Romania. This is due to the previous 

constant winds with direction NNE. They formed currents with southern direction. 

Distribution of temperature on the depth of 7 m shows that as the surface water was heated 

evenly, except for Danube region north-eastern area, where it was uplift of the cold water as 

a result of the upwelling. Fresh and warm layer with a gradual lowering of temperature and 

increasing salinity in the direction of the coast was traced on the 20 m under thermocline 

layer. The field of density was formed by characteristic for cyclonic circulation with 

distribution of thermohaline structure (Fig. I.5.3.15). 
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a                                                        b 

    
с       d 

    

e                                        f 

а) surface water temperature;     b) surface water salinity; 
c) water temperature on the depth 7 m;   d) water salinity on the depth 7 m; 
e) water temperature on the depth 20 m;  f) water salinity on the depth 20 m. 

Figure I.5.3.15 - Spatial distribution of temperature and salinity of sea water on the surface 
of the water and in depths of 7 and 20 m 
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Shelf water masses was in the surface layer in the observed area. Salinity distribution in the 

central part was homogenized. Salinity ranged between 16.0 and 16.5‰ (Fig. I.5.3.15).  The 

transformed waters of the Danube river were observed on. St. No. 4w with salinity 11.5‰ and 

waters of the Dnipro and South Bug were on St. No. 6w with salinity 13.2‰.  

This process is shown on satellite image presented on Fig. I.5.3.16. The satellite image gives a 

picture of mechanism of water formation by mixing of shelf water masses and open sea water 

masses. Mixed process was caused by system of vortexes with different scales. Horizontal 

gradients of temperature field on 20 m depth were caused by lifted bottom level of 

thermocline water with increasing of depths. Density field was formed under cyclonic dynamic 

circulation (Fig. I.5.3.17). 

 
Figure I.5.3.16 - Distribution of salinity in surface layer of NWBS, 20 August 2017 

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php). 

 
Figure I.5.3.17 – Spatial distribution of the density in the 20 m depth in August 2017 

 

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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All stations of the NPMS 2017 sampled during August 2017 were in the one-mile zone of 

coastal waters. Temperature and salinity on St. No. 1w, 2w, 3w and St. No. 5 did not change 

through all water depths. Thermohaline structure on these stations was homogenized 

because of intensive warming and homogenizing. 

Upwelling. Upwelling in the north area of the sea was detected on St. No. 6w and 7w. 

Additional observations were performed on St. No. 6Aw for investigation of the upwelling 

process. Results are presented on Fig. I.5.3.18. 

 

Figure I.5.3.18 – Vertical distribution of salinity in transect along the northern coast of 
NWBS, 20 September 2017 

Southern compensated current produced by the influence of northern winds transported 

saltier and cooler water masses to the coastal zone. They were wedged into a stream of water 

with salinity of water masses of Dnipro-S. Bug with salinity of 13.2‰, which was a 

consequence of the changes in the hydrological structure of the area. Water masses with high 

salinity can be traced up to the surface. Bottom layer salinity value of 17.84‰ on the St. No. 

6Aw was unusual for this region. The water temperature was minimum 12.74°C. 

Upwelling was about 10 km along the coast assuming the distance between stations. 

Unfortunately, it was not possible to determine the date of the beginning of upwelling by 

satellite due to cloud cover. 

Once more we have confirmed that the role of upwelling in coastal hydrological structure 

formation is very important. Powerful upwelling can completely change the hydrological 

structure of shelf area and effect the distribution of hydrochemical and hydrobiological 

parameters. 

Upwellings in NWBS occur throughout the entire year. Place and time depends primarily on 

the direction, speed and duration of winds, as well as the configuration of the coastline and 

seabed topography (Ivanov, 2008). 
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I.5.4. Meteorological conditions and hydrology: JOSS - RF 

Weather conditions 

A week before the start of the work in the period from 18 to 22 October 2017 in the eastern 

part of the sea there was a strong wind impact. The wind speed reached 20 m/s. By the 

beginning of the work on October 24 the wind had died down and during the work in the 

eastern part of the sea the wind speed varied mainly from 3 to 7 m/s at a wave of 2-3 balls. 

October 25, in the afternoon, the wind speed increased to 10 m/s, which at a commotion of 

3-4 balls did not allow conducting a work. During the period of work, continuous cloudiness 

prevailed with rare clarifications. The falling radiation on the surface varied about 10 to E m-2 

day-1, which is significantly lower than that with an open sky at this time of a year (20 E m-2 

day-1). 

 

Hydrology 

At each station, the temperature, salinity, conductivity, turbidity and fluorescence of sea 

water, as well as the concentration of dissolved oxygen, were measured using the Sea-Bird 

911 plus complex (SEA BIRD ELECTRONIC INC product). The Sea-Bird 911 plus complex is a 

modular design and consists of a CTD probe (submerged device) - a central SBE9 module with 

a built-in Digiquartz pressure sensor and external sensors connected to it. Temperature 

sensors SBE3, SBE4 conductivity and SBE43 oxygen are connected to the water pumping 

system by the SBE5 pump. A separately connected combined sensor "WET Labs ECO-

FLNTURTD" measures fluorescence and turbidity. A sampler is also connected to the central 

module - a SBE32 bathtub basket, which takes water samples with twelve plastic bathometers 

with a capacity of 5 liters each. The soundings were carried out to a depth of 500 m or less in 

accordance with the plan of expedition work. After reaching the required depth, the probe 

passed to the upward movement with the closing of the bathometers at the given depths. 

Check-up the reliability of the bathometers was performed at the methodical station. 

Strong wind forcing took place not only a week before the work began, but also at the end of 

September. In the period for 10 days in the eastern part of the sea there was a prolonged 

strong north wind. This wind affected significantly the overall hydrological structure of the 

basin. By the end of October, the whole central sea area was occupied by a cyclonic area. 

Inside of this area the regions (cores) with the most intense water rise were present (Fig. 

I.5.4.2). Two of the three transects crossed such cores, which allowed us to study their effect 

on the ecosystem of the sea. 
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Figure I.5.4.2. Dynamic topography of the basin (altimetry)  
and scheme of stations (yellow dots). 

High cyclonic activity throughout the central basin of the sea in the previous period led to the 

elevation of the main near-surface hydrological layers to the surface. On the first transect, this 

was clearly seen on the vertical distribution of temperature (Fig. I.5.4.3). The temperature in 

the upper mixed layer (UML) varied from 16 to 17°C. The thickness of the UML varied from 15 

to 20 m. The seasonal thermocline layer (TL) ended at a depth of 20-30 meters. The beginning 

of the cold intermediate layer (CIL) varied from 27 to 50 m. It was clearly seen that in the core 

of cyclonic eddy at stations 4 and 5 the entire water structure was maximally constricted to 

the surface. 

This, in particular, led to the very high position of the upper boundary of the CIL which was 

raised as high as 27 m. The similar high position of the CIL was noted on the second transect 

at station 12, which was located in the next core of cyclonic eddy. At the 3rd transect from the 

center of the sea to the coast near town Sochi, the upper boundary of the CIL gradually 

deepened from 35 m in the center of the sea to 50 m in the near shelf waters. The average 

depth of the upper border of the CIL was 37 m, while for this time of year its average statistical 

depth is 47 m (Ivanov, Belokopytov, 2011). Since the density in the upper layer of the Black 

Sea is determined by temperature, its vertical distribution practically repeated the distribution 

of this parameter. 
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Figure I.5.4. 3. Vertical distribution of temperature (left panel) and fluorescence (right 
panel) on the 1st transect from Gelendzhik to the center of the sea. 

The rise of the CIL to the sea surface resulted in high irradiance at the boundary of this layer. 

Since there is a significant supply of biogenic elements in the CIL (Mikaelyan et al., 2013), an 

increase in the level of irradiance has led to the creation of favorable conditions for the growth 

of phytoplankton. As a consequence, the development of algae was observed in the layer 

under the TL and down to the lover border of the CIL. This is clearly seen in the vertical 

distribution of the fluorescence of chlorophyll a (Fig. I.5.4.3). The main signal comes from this 

layer (CIL), if not to consider the near coast stations, where the complex configuration of 

currents and mesoscale vortices at high extent determines the vertical distribution of 

phytoplankton. 

It is noteworthy that at the 1st transect the maximum fluorescence was observed at stations 

4, 5 and 6, located in the cores of cyclonic eddy. At the same time, on the 2nd transect the 

station 12 was also located in the core of the cyclonic eddy, but the increased fluorescence 

values were not observed. The maximum fluorescence values were observed at the beginning 

of this transect on s. 9-11 which was also located in the zone of cyclonic activity. The main part 

of the 3rd transect was located outside of the zone of cyclonic area. The fluorescence values 

here were significantly lower than that on the other two transects. 

 

I.5.5. Meteorological conditions and physical-chemical 
parameters NPMS-RF 

In each station the activities have started from hydrometeorological parameters and water 

sampling. The sampling sites are on the Fig. I.5.5.1. 
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Figure I.5.5.1 Map of monitoring sites for NPMS RF. 

Water samples were taken by Niskin Bathometer at all stations. In the coastal zone at depths 

less than 15 meters, samples were taken from the surface horizon. at stations with depths of 

more than 15 meters - from 2 or 3 horizons depending on depths. 

All first day analyses (temperature, salinity, pH etc.) were done immediately onboard, others 

were preserved and transported to relevant laboratories.  

During the survey on 15th of November 2017 the water temperature of the surface layer was 

relatively high for this season of the year and varied in the range of 15.3-16.0°C, the average 

value in the surface layer was 15.7°C. and decreased to 11.8°C at a depth of 58 m. The 

salinity varied in a narrow range from 17.98‰ to 19.76‰. In the Sochi harbor it was 18.23‰ 

both on the surface and at the bottom.  

The most desalinated area was in front the Sochi River estuary (17.98‰ and 18.11‰). and 

high values were expectedly observed at stations VI and VIII remoted from the coast line at 

depths of 25-50 m.  

The chlorinity in the water samples varied from 9.96‰ to 10.94‰. 10.29‰ in average; 

alkalinity – 2.178-3.149 mg-eq/dm3 (2.820 mg-eq/dm3 in average); the concentration of 

hydrogen ions pH 8.09-8.47 (8.32 pH in average); electrical conductivity 173.5-345.3/287.6 

mS/cm. No clear trend was detected in distribution of these parameters in the studied area. 

The concentration of suspended solids changed insignificantly from the values below the 

detection limit in water at horizons of 25 m and 50 m at St.VIII up to 3.0 mg/dm3, on average 

1.25 mg/dm3. It is obvious that the high concentration of suspended solids was on nearshore 

stations II, IV, V and VII (1.48 mg/dm3 in average), and at stations III, VI and VIII which are 

remoted from the coast line was one third less (0.96 mg/dm3). The oxygen regime of the sea 

water in this region is within the normal range. Only in one case at st.VI at 25 m depth the 

oxygen concentration decreased to 6.0 mgO2/dm3, while in other samples it reached 

8.0 mgO2/dm3 at 50 m depth (St.VIII); 7.38 mgO2/dm3 in average.  
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There were no differences in the content of dissolved oxygen on the surface or near bottom 

layers – 7.40 and 7.36 mgO2/dm3, respectively. The average water saturation with oxygen was 

63.1%. the range from 51% to 68%. The amount of easily oxidized dissolved organic matter, 

determined by BOD5, varied from 0.6 and 0.8 mgO2/dm3 in the Sochi harbor to 3.1 mgO2/dm3 

at 57 m depth two miles from the coast in front of the Khosta river estuary. Almost all 

hydrological and hydrochemical characteristics indicate that there was no significant vertical 

water stratification in the coastal zone in the studied period. 

I.5.6. The dynamics of the upper border of the hydrogen sulphide 
zone in the deep part of the Black Sea  

JOSS GE-UA dissolved oxygen and hydrogen sulfide 

To assess the position of the anaerobic zone, the hydrogen sulphide content was investigated 

in seawater on six stations at the transect made along 43o25ʹ N latitude (JOSS GE-UA-2017: - 

St. No. 5, 6, 7, 8) and on four stations in the territorial waters of Georgia (JOSS GE-UA-2017: - 

St. No. 9, 10, 11, 12).  

The transect crossed the axis area of the Black Sea divergence zone (Belevich at al., 2011), 

where a maximum of uplift border between the aerobic and anaerobic waters are expected.  

Samples were taken from the water layer of σt =15.5 – 16.2. As it is known, the use of a scale 

of conventional density in place of the traditional depth scale allows to separate the effect of 

various dynamic processes upon the depth and configuration of isopycnic surfaces.  

In Fig. I.5.6.1 it is shown that the upper boundary of hydrogen sulphide layer did not fall below 

σt =15,3. This is significantly higher than the average value σt =16.18, which was obtained by 

Bezborodov at al. (1993) via processing the array observations over the period of 1924 - 1990. 

Maximum lifting boundary of the H2S-zone in units of σt (σt =15.3; 50,4 m) was recorded at 

station No. 7, located in the central part of the Eastern cyclonic gyre.  

 
Figure I.5.6.1 - Vertical distribution of hydrogen sulphide (μM/l) on the transect over the 

central part of the Black Sea in 2017 
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JOSS RF dissolved oxygen and hydrogen sulfide 

The concentration of dissolved oxygen and the degree of its saturation are ones of the most 

informative hydrochemical indicators of the state of the water bodies. By these values, one 

can judge the state of the aquatic ecosystem, the degree of water productivity, the balance of 

biochemical processes of synthesis and oxidation of organic matter. 

 
Figure I.5.6.2. Distribution of oxygen (µM) on the transect  

from Sochi to the center of the sea, 27-28.10.2017. 

The range of dissolved oxygen concentration (O2) in the studied water column varied from an 

analytical zero in the contact zone of aerobic and anaerobic waters to a maximum value of 

292.6 μM, recorded at a depth of 20 meters (station 13). The subsurface maximum of O2 was 

observed at depths of 20-30 meters, but it was not pronounced. It should be noted that the 

relative oxygen content at these depths did not exceed 100%, which indicated the absence of 

active photosynthetic activity during this period of time. 

In the upper 40-meter layer O2 varied from 147 to 293 μM with an average value of 265 μM, 

at oxygen saturation from 45% to 99.5%. The average value of the percentage of oxygen in 

the active layer was 91%. The vertical distribution of O2 along the transect from Sochi is fairly 

uniform (Fig. I.5.6.2), while the Gelendzhik - sea center transect showed a sharp influence of 

water dynamics in the region of stations 3 and 5, expressed in the uplift of isolines in the region 

of the cyclonic vortex (Fig. I.5.5.3). 

The sharp decline in O2 began approximately from a depth of 40-50 m in the seaward part of 

the transect, where its concentration decreased from ~ 240 μM to ~ 40 μM at depths of about 

70 m. In the near coastal part of the transect, the oxycline was located at depths of 60-90 m. 

The concentration of oxygen equal to analytical zero was observed in the open sea at a depth 

of ~ 120 m and deepened near the shore to ~ 130-140 m (Fig. I.5.6.2, I.5.6.3). The maximum 

vertical gradient of O2 in the oxycline layer was observed at the most remote of shore 

station 9. 
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Figure I.5.6.3 Distribution of oxygen (µM) on the transect 

from Gelendzhik to the center of the sea, 24-26.10.2017. 

The upper boundary of the hydrogen sulphide zone was fixed in the isopycnic layer 16.00 - 

16.15 sigma-t. The appearance of hydrogen sulfide in measured concentrations (~ 0.3 μM) 

was noted in the open sea part of the transect at depths of about 95-125 m, and of ~ 135 m 

near the coast (Fig. I.5.6.4). The minimum depth (83 m) of the location of the upper boundary 

of hydrogen sulfide was noted at station 5 on the 1st transect from Gelendzhik in the region of 

water upwelling under the influence of a cyclonic vortex (Fig. I.5.6.4). 

 

Figure  I.5.6.4 Distribution of hydrogen sulphide concentration 

on the Gelendzhik-Center transect, 24-26.10.2017. 

 

The upper boundary of the hydrogen sulphide zone on the Sochi-Center transect are 

characterized by a very uniform position without prominent fluctuations, which was due to 

the lack of active dynamic perturbations in this region. 
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Figure I.5.6.5 Distribution of hydrogen sulphide concentration  

on the transect of Sochi - Center of the sea, 27-28.10.2017. 

The increase in thickness of the aerobic layer and the deepening of the upper boundary of the 

anaerobic layer observed near the coast was resulted from the downwelling of the water in 

the coastal convergence zone under the influence of the Rim Current. 

I.6. Conclusions 

Sesonal dynamic of hydrometeorological features of the Black Sea were close to climatic 

norm. The surface current fields corresponded to the general circulation of the Black Sea. 

Hydrological structure of NWBS was formed by influence of seasonal atmospheric oscillations 

mainly; mixing processes offshore waters with the waters of the open sea; wind; as well as the 

peculiarities of bathometry and the features of coastline. In April 2017 was observed 

historically maximum value of transparency (17 m) considering values ever recorded in NWBS. 

In summer the thermohaline structure of NWBS waters was changed significantly under the 

influence of upwellings according to as satellite as well as expedition data. 

Once more it was confirmed that the role of upwelling in coastal hydrological structure 

formation is very important. Powerful upwelling can completely change the hydrological 

structure of shelf area and effect the distribution of hydrochemical and hydrobiological 

parameters. 

In summer the average temperature (25°C) in 15 m water surface layer of the ZPF area was 

higher by 3°C than the average temperature measured in the previous years. 

Using salinity distribution, it was concluded that the offshore waters was dominated in a 

greater extent than usual in the area of ZPF. 

Hydrological structure was formed under the influence of hydrodynamic processes: cascade 

as flows with mushroom shapes in the western part; the influence of the powerful Crimean 
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upwelling on decreasing the temperature by 5°C in the upper layer of the central part of the 

sea. 

The most complicated thermal and dynamic conditions were observed on the continental 

slope and deep sea area near the north-western shelf of the Black Sea. The winter of 2016-

2017 was colder than the four previous winters according to the value of the integral sum of 

atmospheric temperatures below + 5°C. In May 2016 minimum water temperature of CIL was 

8.27°C. Process forming water of CIL during winter of 2017 effected to decreasing water 

temperature by 1°C (minimum value - 7.4°C).  

A specific feature of vertical distribution of oxygen is the existence of oxygen minimum layer 

below the seasonal pycnocline. Here the value of dissolved oxygen was up to 120 µm/l, or 41% 

of saturation. It pointed to a very late start of development of hypoxia processes the 

intermediate layer during 2017 (Popov & Ruban, 2015). 

Sevastopol eddy was absent in area of its usual location. It was replaced by hydrological 

structures with mushroom shape. 

In central part of the sea the CIL was below the thermocline layer. The boundary of its 

distribution was identified by isotherm 8°С.  The extreme lowest temperature of water in the 

CIL of the deep sea was 7.38°C. The minimum distance between the top and bottom borders 

was 3 m on St. No. 7. 

In the area of intensification of the Batumi eddy was established the most extensive core of 

CIL. Temperature in the core was minimal for all values of temperature during the entire 

expedition.  The isotherm 7.20°C occupied layer 60 - 70 m. Minimum value of 7.196°C was 

observed at the depth of 69 m.  

The height of CIL in the area of the Batumi eddy was 70 m. It should be noted that considerable 

elevation above seasonal thermocline was expressed at the top of the dynamic structure, in 

particular, the middle part of it was between 10 and 20 m. It speaks about the importance of 

energy in this process, presumably that compensated dynamically the deep anticyclonic 

vorticity. 

Hydrophysical features of the eastern part of the Black Sea in October 2017 were 

characterized by the strong north wind affected significantly the overall hydrological structure 

of the basin. By the end of October, the whole central sea area was occupied by a cyclonic 

area. Inside of this area the regions (cores) with the most intense water rise were present. The 

temperature in the upper mixed layer (UML) varied from 16 to 17°C. The thickness of the UML 

varied from 15 to 20 m. The seasonal thermocline layer (TL) ended at a depth of 20-30 meters. 

The beginning of the cold intermediate layer (CIL) varied from 27 to 50 m. It was clearly seen 

that in the core of cyclonic eddy the entire water structure was maximally constricted to the 

surface. This, in particular, led to the very high position of the upper boundary of the CIL which 

was raised as high as 27 m. 

The rise of the CIL to the sea surface resulted in high irradiance at the boundary of this layer. 

Since there is a significant supply of biogenic elements in the CIL (Mikaelyan et al., 2013), an 

increase in the level of irradiance has led to the creation of favorable conditions for the growth 

of phytoplankton. 
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The power of CIL ranged from 3 m in the central part of the Black Sea up to 70 m in the South-

Eastern part of the sea. 

The upper boundary of hydrogen sulphide layer was determined from σt =15,4 to σt =16,0 in 

the central part of the sea. This is significantly less than the value σt =16.18, which was 

obtained by Bezborodov at al. (1993) via processing the array observations over the period of 

1924 - 1990. Maximum lifting boundary of the H2S-zone in units of σt (σt =15.4; 52 m) was 

recorded at station No. 7, located in the central part of the Eastern cyclonic gyre. The observed 

synchronized decreasing for location of CIL depths, isoline 16,2 as well as O2 disappearance, 

H2S onset are located at St. No. 7.  It clearly shows significant hydrological structure influence 

to the processes. 

Mathematical method has been used to estimate the depth border between the oxygen and 

hydrogen sulphide zones depending on the vertical flows of water masses, concentration of 

oxygen in CIL and hydrogen sulfide in the lower water masses. Evaluated border depth 

between oxygen and hydrogen sulphide zones corresponds with the observed values of limits 

of dissolved oxygen and hydrogen sulfide. The mathematical evaluated border depth only for 

St. No. 7 located beyond the observed layer between O2 disappearance and H2S onset. This 

testifies to the existing high uncertainty of assessment due to variability of vertical gradient of 

oxygen in the layer. Upper depth of hydrogen sulfide layer on St. No. 7 was considerably above 

average performance and is estimated at 71 m (σt = 15.7 kg/m3). 

I.7. Recommendations 

Practical execution of the surveys programme has shown that possibility of additional stations 

should be foreseen in the programme of work to identify the influence of hydrological 

processes on the distribution of hydrochemical and hydrobiological parameters. 

The special expedition researches in deep part of sea with appropriate grid of stations, which 

take into account the spatial and temporal variability of processes in the sea, as well as using 

mathematical models, responsive to appropriate physical, chemical and biogeochemical 

production–consumption in the ocean are needed to investigate the issues. A model 

describing the components of the biogeochemical structure of the water column: dissolved 

oxygen, particulate and dissolved organic matter, nitrate, ammonium, di-nitrogen gas, 

elemental sulfur, sulfide, dissolved manganese (II), suspended manganese (IV) oxide, 

suspended manganese (II) carbonate, suspended manganese (II) sulfide, dissolved iron (II), 

suspended iron (III) oxide and suspended iron (II) sulfide, should be used.  

I.8. References 

www.myocean.eu 

http://podaac.jpl.nasa.gov; 

http://oceancolor.gsfc.nasa.gov; 

http://www.aviso.oceanobs.com; 

http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet 

http://www.myocean.eu/
http://podaac.jpl.nasa.gov/
http://oceancolor.gsfc.nasa.gov/
http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet


Scientific Report – Joint Black Sea Surveys 2017 

 

73 

Altman, E. N., A.A. Bezborodov and Y.I. Bogatova, 1990. Practical Ecology of Marine Regions. Black Sea, Naukova 
Dumka, Kiev, 252 pp.  

Belevich at al., 2011.  Belevich R. R., Andrianova O. R., Popov Yu. I., Skipa M. I.  The climatic water circulation in 
the Black Sea according to the distribution of dynamic height along the axis of the Black Sea // Ukrainian 
hydrometeorological journal,, 2011. - №8. – P. 234 – 241. (in Russian) 

Bezborodov at al. , 1993.   Bezborodov A.A, Eremeev V.N. The Black Sea. The Zone of Interaction of Aerobic and 
Anaerobic Waters. – Sevastopol: MHI; 1993. – 298 pp. (in Russian) 

Blumberg A.F., Mellor G.L. A description of a three-dimensional coastal       ocean model// Three Dimensional 
Shelf Models, Coastal Estuarine Sci. –AGU, Washington D.C., AGU,1987.- P.1-16.  

Bogatko O.N., Boguslavsky S.G., Beliakov Yu.M., Ivanov R.E., 1979. Surface currents in the Black Sea. Kompleksn. 
Issled. Chern. Morya: 25 - 33.  

BSERP, 2007, http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm 

Eremeev & Konovalov, 2006.  Eremeev V. N., Konovalov S. K. On the budget and the distribution of oxygen and 
sulphide in the Black Sea water // Mar. Ecol. J.– 2006.– N5.– P. 5—30. (in Russian) 

Eremeev at al., 2009. Oceanographic survey Atlas of the Black Sea and Azov Seas. -K: DU «Derjhydrographia», 
2009. -356 c. 

Faschuk at al. , 1987.  Faschuk, D. Ya. and Aizatulin, T. A.  A possible Transformation of the Anaerobic Zone of the 
Black Sea. Oceanology, 1987. - 26(2). – P. 171–178.   

Ginzburg, A. I., A. G. Kostianoy, N. P. Nezlin, D. M. Soloviev, and S. V. Stanichny, 2002. Anticyclonic eddies in the 
northwestern Black Sea, J. Mar. Syst., 32, 91–106.  

Ivanov, 2008. Upwelling in the Black Sea/V.A. Ivanov, E. Mihajlova. Sevastopol: SPC "ECOSYSTEMS-Hydrophysics» 
2008-92 p. 

Ivanov L.I., Besiktepe S., Ozsoy, E., 1997. The Black Sea cold intermediate layer. In: Ozsoy, E., Mikaelyan, A. (Eds.), 
Sensitivity to Change: Black Sea, Baltic Sea and North Sea. NATO ASI Series, vol. 27. Kluwer Academic Publishing, 
Dordrecht, The Netherlands: 253–264.  

Knipovich N.M., 1933. Ghidrologiceskie issledovania v Cernom more. Tr.Azov. – Cernom. Naucn. Prom. Eksped., 
Moskva, 10, 272 pp.  

Komorìn at al., 2008. Assessment of hydrodynamic characteristics variability of the North-Western shelf of the 
Black Sea./V. Komorìn, Yu. Popov,V.  Ukrainskyi// Bulletin of the Odessa State ecological University. 2008. - № 5. 
– P. 188-201. 

Korotaev, G.K., Saenko, O.A., Koblinsky, C.J., 2001. Satellite altimetry observations of the Black Sea level. Journal 
of Geophysical Research, 106, 917–933.  

Korotaev, G.K., T. Oguz, A. Nikiforov, C. J. Koblinsky, 2003. Seasonal, interannual and mesoscale variability of the 
Black Sea upper layer circulation derived from altimeter data. J. Geophys. Res., 108, C4: 3122.  

Mellor G.L. User's guide for a three dimensional, primitive equation, numerical ocean model. Report. - Program 
in Atmos. and Ocean.  Sci., Princeton Univ. - Princeton, 1991. - №3. - 35 p. 

Mellor G. L. Development of turbulence closure model  for geophysical fluid problems / G. L. Mellor, T. Yamada 
// Rev. Geophys. – 1982. – № 20. – P. 851–875. 

Murray at al. , 1989.  Murray, J. W., Jannasch, H. W., Hojo, S. at al. Unexpected changes in the oxic/anoxic 
interface in the Black Sea. Nature, 1989. - 338(6214). – P. 411–413.  

Murray J.W., Z. Top and E. Ozsoy, 1991. Hydrographic properties and ventilation of the Black Sea. Deep-Sea 
Research, 38: S663-S689.  

Neretin at al. 2001.   Neretin L.N., Volkov I.I., Bottcher M.E., Grinenko V.A. A sulfur budget for the Black Sea anoxic 
zone // Deep-Sea Research I. – 2001. – 48. - P. 2569 – 2593. 

Neumann, G., 1942. Die absolute topografie des physikalischen Meeresniveaus und die Oberflachen-stromungen 
des Schwarzen Meeres, Ann. Hydrogr.Mar. Meteorol., 70: 265–282.  

http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm


Scientific Report – Joint Black Sea Surveys 2017 

 

74 

Oguz T (2008) General oceanographic properties: physico-chemical and climatic features. In: Oguz T, editor. State 
of the Environment of the Black Sea (2001–2006/7). Istanbul: BSS. pp. 39–60. 

Oguz, T., Latun, V. S., Latif, M. A., Vladimirov, V. V., Sur, H. İ., Markov, A. A., Özsoy, E., Kotovshchikov, B. B., 
Eremeev, V. V., şi Ü. Ünlüata, 1993. Circulation in the Surface and Intermediate Layers of the Black Sea, Deep-
Sea Res., 40: 1597 - 1612.  

Oguz,T., P. Malanotte-Rizzoli, D. Aubrey, 1995. Wind and Thermohaline circulation of the Black Sea driven by 
yearly mean climatologiean climatological forcing. J. Geophysical Research, 100: 6845-6863 

Orlova at al., 2008. Hydrological and hydro-chemical indicators of the State of the North-Western shelf of the 
Black Sea:  reference guide/I.  Orlov, N. Pavlenko, Y.  Popov and al.//-K.: CST, 2008.-616 c. 

Ovchinnikov I.M., Titov V.B., 1990. Anticyclonic vorticity of the currents in the coastal zone of the Black Sea. Dokl. 
Akad. Nauk SSSR, 314: 1236 - 1239.  

Ovchinnikov, I. M., Popov, Yu. I., 1987. Formation of a cold intermediate layer in the Black Sea.  Oceanology. 27, 
739–746. 

Ozsoy E., Unluata U., 1997. Oceanography of the Black Sea: a review of some recent results. Earth-Sci. Rev., 42: 
231–272.  

Polonsky&Popov. Conditions of formation waters of cold intermediate layer of the Black Sea//Book series 
«Modern problems of marine science”, vol. 8. -Sevastopol. -MHI NASU. -2011.-52 p. 

Popov & Ruban, 2015. Field salinity for the north-western part of the Black Sea (1955-2005): reference guide/ – 
Odessa: ODEKU, 2015. -114 p. (in Ukrain)  

Popov& Polonsky, 2014. About some structural-dynamic features of anticiklonic  eddyes of the north-western 
slope of the Black Sea//Ukrainian Journal of hіdrometeorology. -2014, ISS. 14, s. 236-249. 

Poulain, P.M., Barbanti R., Motyzhev S., Zatsepin A., 2005. Statistical description of the Black Sea near-surface 
circulation using drifters in 1999-2003. Deep Sea Research, 52, 12: 2250-2274.  

Ryabinin at al. , 1989.  Ryabinin A.I., Kravets V.N. Current State of the Black Sea Hydrogen Sulphide Zone (1960 – 
1986). - Moscow Gidrometeoizdat, 1989. -  230 pp. (in Russian) 

Sapozhnikov & Agatova , 2005. Sapozhnikov V., Agatova A. The main reasons of the changes of the Black Sea 
ecosystem and its modern condition // Proceedings book. Workshop Clean Black Sea Working Group. 2nd– 5th 
June, 2005 Varna, Bulgaria – P. 91-93. 

Skopintsev, 1975. Skopintsev, B. A. Formirovanie sovremennogo khimicheskogo sostava vod Chernogo morya 
(Formation of the Present Chemical Structure of the Black Sea). - Leningrad:  Gidrometeoizdat, 1975. 336 pp. (in 
Russian). 

SBSE: UA, 2002. State of the Black Sea Environment: National report of Ukraine. 1996-2000. —С764 Odesa: 
Astroprint, 2002. — 80 p. 

Stunzhas at al., 2013.  Stunzhas P. A.,.E Mosharov V., Radchenko V. N. On the introduction of domestic 
photoluminescent oxygen sensors to work in conditions of hypoxia // Ecological safety of coastal and shelf zones 
and complex use of shelf resources – Sevastopol, 2013. — М. 27. — С. 32-37. 

Titov V.B., 1999. Structure of the geostrophic currents in the northeastern Black Sea. Oceanology, 39: 38 - 41.  

Titov VB (2004) Formation of the upper convective layer and the cold intermediate layer in the Black Sea in 
relation to the winter severity. Oceanology 44: 327–330. 

Vinogradov & Nalbandov, 1990.   Vinogradov M.E., Nalbandov Yu.P. Dependence of physical, chemical and 
biological parameters in pelagic ecosystem of the Black Sea upon the water density // Oceanology, 1990. –  30. 
№ 5. – P. 769 – 777. (in Russian) 

Zatsepin  at al. 2003. Zatsepin, A.G., Ginzburg, A.I., Kostianoy, A.G., Kremenetskiy, V.V., Krivosheya, V.G., 
Stanichny, S.V., Poulain, P.-M., 2003. Observations of Black Sea mesoscale eddies and associated horizontal 
mixing. Journal of Geophysical Research. 108, C8: 217–253.   

  



Scientific Report – Joint Black Sea Surveys 2017 

 

75 

 

 

 

 

 

 

 

 

 

 

 

II. DESCRIPTOR 1: 
Biodiversity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

76 

II.1. Phytoplankton NPMS/JOSS GE-UA 

A. Zotov, A. Mikaelyan, M. Grandova, G. Terenko, T. Gvarishvili, S. Nikolaishvili, L. Paytova, A. 
Fedorov, O. Yasakova, S. Moncheva 

 

List of Figures  
Figure II.1.1. Phytoplankton taxonomic composition. 

Figure II.1.2. Average abundance (cells/L, left) and biomass (mg/m3, right) in 2016 and 2017. 

Figure II.1.3. Distribution average for water column abundance (103 cells/L, left) and biomass (mg/m3, right) of 
phytoplankton in cruises NPMS UA 2017: Phyllophora April (a, b), Phyllophora July (c, d) and August (e, f) (X-axis 
- longitude; Y-axis - latitude; circle - stations). 

Figure II.1.4. Distribution of total phytoplankton abundance (103 cells/L, left) and biomass (mg/m3, right) for 3 
transect JOSS-UA-GE 2017 (X-axis – latitude (a, b) and longitude (c-f); Y-axis - depth). 

Figure II.1.5. Contributions of taxonomic classes in average phytoplankton abundance (a, b) and biomass (c, d) in 
2016-2017. 

Figure II.1.6. Authotrophs/heterotrophs (A/H) ratio based on biomass in 2016-2017. 

Figure II.1.7. Average abundance (103 cells/L, left) and biomass (mg/m3, right) potentially toxic phytoplankton 
species in 2017. 

Figure II.1.8. Distribution of abundance (103 cells/L, left) and biomass (mg/m3, right) potentially toxic 
phytoplankton species by water categories in 2016 and 2017. 

Figure II.1.9. Distribution of environmental state color coded categories based on phytoplankton biomass for 
JOSS-UA-GE 2017 (X-axis - longitude; Y-axis - latitude; circles - stations). 

Figure II.1.10. The mean values of mineral nitrogen (Nmin), mineral phosphorus (Pmin) and total phosphorus 
(Ptotal) in the euphotic zone for JOSS-UA-GE 2017 cruise stations. 

Figure II.1.11. Distribution of environmental state color coded categories based on phytoplankton biomass in 
NPMS UA Phyllophora in April (left) and July (right) 2017 (X-axis - longitude; Y-axis - latitude; circles - stations). 

Figure II.1.12. Distribution of environmental state color coded categories based on phytoplankton biomass in 
NPMS UA August 2017 (X-axis - longitude; Y-axis - latitude; circles - stations). 

 

List of Tables 
Table II.1.1. Metrics and classification systems for the coastal pelagic habitat (WFD) colour coding correspond to 
WFD categories (after Moncheva & Boicenco, 2010, Com Dec). 

Table II.1.2. Metrics and GEnS values for the shelf and open sea pelagic habitats (summer). 

Table II.1.3. Accordance of phytoplankton sampling stations and water categories shelf (Shelf), open waters (OW) 
and coastal waters (CW) in the studies 2016-2017. 

Table II.1.4. The average volume of the cell [μm3] for mass classes of algae in 2016-2017. 

Table II.1.5. Dominant and common species in the phytoplankton community 2017 (occurrence). 

Table II.1.6. Dominant and common species in the phytoplankton community 2017 (abundance, 103cells/l). 

Table II.1.7. Dominant and common species in the phytoplankton community 2017 (biomass, mg/m3). 

Table II.1.8. Ecological status assessment based on biomass (mg/m3) on sampling stations of water categories 

Shelf-UA, OW-GE, OW-UA and CW-UA.  



Scientific Report – Joint Black Sea Surveys 2017 

 

77 

II.1.1. Introduction 

The Water Framework Directive (Directive 2000/60/EC) and the Marine Strategy Framework 

Directive (Directive 2008/56/EC) of the European Union consider the phytoplankton a 

necessary component of the assessment of the ecological status of water bodies. The reason 

for this is the important role that phytoplankton communities play in marine ecosystems. 

Phytoplankton is the main producer of primary production and the basis of the trophic chains 

of the ocean. Phytoplankton community is the first one to respond to the changes in nutrient 

saturation of the water bodies. Various indicators of marine phytoplankton can provide 

valuable information on ecological processes which are important for the viability and quality 

of life of coastal countries. Structural indicators of phytoplankton, immediately revealing the 

changes of nutrient concentration in the water column, have the advantage in the analysis of 

such environmentally significant process as eutrophication. 

The complexity and the lack of study of phytoplankton reaction of the external environment, 

the need for cheap, not labor-intensive methods and using of historical data to assess the 

natural (reference) environmental conditions, methodological problems of sampling and 

processing of phytoplankton samples, difficulties of taxonomic identification, are the reasons 

that complicate the development and implementation of indicators based on structural 

indicators of phytoplankton. Overcoming these problems requires significant efforts at the 

level of national and international research programs. The search and implementation of new 

phytoplankton indicators that reflect the various components of evaluating the quality of the 

water environment keep on at present (Moncheva, Boicenco, 2010) (RO IAR, 2013) (BG IAR, 

2013). 

EMBLAS project not only provides an opportunity to explore the natural processes that occur 

in various parts of the Black Sea, but also to develop mechanisms for inter-laboratory 

cooperation for the representatives of various Black Sea countries, to harmonize the methods 

of sampling and processing of the raw data, to develop and clarify rating scales which are used 

in the assessment of ecological status of Black Sea on the basis of various indices of 

phytoplankton. After the 2017 cruises, there is also the possibility after a long break and on 

the basis of modern methods to compare the interannual changes that have occurred in most 

of the Black Sea water area. 

 

II.1.2. Materials and methods 

In the analysis of the phytoplankton communities research 2017, the processing results of 173 

quantitative phytoplankton samples were used. Of these, 54 samples were obtained during 

JOSS-GE-UA 2017, 43 - in MHBS 2017, 18 - in NPMS UA Phyllophora April 2017, 25 - in NPMS 

UA Phyllophora July 2017, 17 - in NPMS UA Phyllophora August 2017 and 16 - in NPMS UA 

August 2017. For comparison with 2016, the results of processing 274 quantitative 

phytoplankton samples were used (58 - JOSS GE-UA 2016, 123 – MHBS 2016, 46 - NPMS GE 

2016 and 47 - NPMS UA 2016). 
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Quantitative phytoplankton samples were collected by vertical series consisting from several 

sampling depths. The depths were chosen with an idea to collect material from main 

hydrophysical layers. At each station these layers were defined according to CTD-sounding 

which was fulfilled before the phytoplankton sampling. Special attention has been paid to 

fluorescence profile obtained simultaneously with the CTD-sounding. The samples in NPMS 

were collected from upper mixed layer, upper thermocline layer, lower thermocline layer, 

near bottom layer and chlorophyll-a maximum (if this maximum did not coincide with other 

sampling layers). During JOSS the samples were collected from the upper mixed layer, upper 

thermocline layer, and deep chlorophyll-a maximum layer. At several stations also samples 

from cold intermidiate layer, lower thermocline and near bottom layer were collected when 

the results of fluorescence sounding allowed to suppose the presence of phytoplankton at 

such depths. For collecting were used 5 L Niskis bottles, attached to CTD rosette system. The 

phytoplankton sample was collected at the depth of the fluorescent maximum. For NPMS 1-2 

L of water at each discrete depth were sampled, for JOSS – 3 L of water. 

During NPMS UA samples of the phytoplankton were fixed with 4% buffered formaldehyde up 

to the final concentration of 2% in a sample and carried to the laboratory. Then phytoplankton 

cells were allowed to settle for 2 weeks. After that the samples were slowly decanted to 30–

40 ml. JOSS samples were concentrated on board by the funnel of inverted filtration to the 

volume of 50-100 ml and then also fixed with 4% buffered formaldehyde up to the final 

concentration of 2% in a sample. These concentrated samples from both surveys were kept at 

temperature of 5-7oC during a month before further processing. Before counting, the 

concentrated samples were concentrated one more time, down to 10-20 cm3 by slow 

decantation.  

Identification of species and counting of cells were carried out under a light microscope LOMO 

(Russia) with magnifications of 600 in the drop with the volume of 0.05 ml. The wet biomass 

was calculated by the method of geometric similarity equating shapes of cells to 

corresponding geometrical shapes and assuming that the cell density is equal to 1.  

Species identification was mainly using Schiller (1937), Kisselew (1950), Proshkina-Lavrenko 

(1955), Carmelo (1997), Steidinger and Tangen (1997), Cronberg and Annadotter (2006) and 

the taxonomic nomenclature according to the on-line data-base of World Register of Marine 

Species (WoRMS) and the Black Sea check-list http://phyto.bss.ibss.org.ua. 

The phytoplankton functional authotrophs/heterotrophs list was composed from the 

taxonomic list of the EMBLAS Cruise based on the IO-BAS database (trophic preferences 

specified for 140 species); NIMRD database (trophic preferences specified for 867 species), 

the Checklist of Baltic Sea Phytoplankton Species (Guy Hällfors, 2004) and in reference to 

the international databases available online (http://nordicmicroalgae.org/, 

http://www.eos.ubc.ca/, http://eol.org/). 

The potentially toxic species were extracted from the phytoplankton taxonomic list of the 

EMBLAS Cruise based on list of toxic species of the Black Sea from MISIS project report. The 

boundaries of the classes in the assessment of ecological status for abundance, biomass and 

chlorophyll a were used in accordance with Moncheva & Boicenco, (2010) (Table II.1.1., Table 

II.1.2.) 

http://phyto.bss.ibss.org.ua/
http://nordicmicroalgae.org/
http://nordicmicroalgae.org/
http://www.eos.ubc.ca/
http://eol.org/)
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Table II.1.1. Metrics and classification systems for the coastal pelagic habitat (WFD) colour 

coding correspond to WFD categories (after Moncheva & Boicenco, 2010, Com Dec). 

N[cells/L] 

CWT High Good Moderate Poor Bad 

1 400-500 501-800 801-1500 1501-3000 >3000 

2 400-500 501-800 801-1500 1501-3000 >3000 

EQR 1-0.80 0.80-0.63 0.63-0.43 0.43-0.23 0.23-0.0 

 

B[mg/m3] 

CWT High Good Moderate Poor Bad 

1 400-700 701- 950 951- 2500 2501– 5000 >5000 

2 400-700 701- 950 951- 2000 2001– 4000 >4000 

EQR 1-0.80 0.80-0.63 0.63-0.43 0.43-0.23 0.23-0.0 
 

Table II.1.2. Metrics and GEnS values for the shelf and open sea pelagic habitats (summer). 
METRIC SHELF OPEN SEA 

BG-Biomass [mg/m3] 460 - 600 100 - 150 

RO-Biomass [mg/m3] 500-800 150-250 

Index Menhinick > 0.09 > 0.09 

Index Sheldon >0.49 >0.49 

II.1.3. Results and discussion 

In this chapter are analyzed data from cruises JOSS-GE-UA 2017, NPMS UA Phyllophora April 

2017, NPMS UA Phyllophora July 2017, NPMS UA Phyllophora August 2017, NPMS UA August 

2017 and MHBS 2017. Comparison with the results of 2016 is based on the data from cruises 

JOSS-GE-UA 2016, NPMS UA 2016, NPMS GE 2016 and MHBS-2016. Distribution of stations by 

category Shelf (Shelf-UA and Shelf-GE), open waters (OW-UA, OW-GE) and coastal waters 

(CW-UA) is given in the Table II.1.3. 

Table II.1.3. Phytoplankton sampling stations and water categories shelf (Shelf), open waters 
(OW) and coastal waters (CW) in the studies 2016-2017. 

 Cruise 
  UA     GE  

CW Shelf OW OW Shelf CW 

JOSS GE-UA 2016     St. No. 1-4, 13-25 St. No. 5-12     

NPMS UA 2016             

NPMS GE 2016             

MHBS 2016             

JOSS GE-UA 2017   St. No. 1-3 St. No. 4-8, 6a St. No. 9-12     

NPMS UA Phyllophora April 2017             

NPMS UA Phyllophora July 2017             

NPMS UA Phyllophora August 2017             

NPMS UA August 2017             

MHBS 2017             
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 Species composition and biodiversity  

As a result of phytoplankton research in Ukrainian and Georgian waters in 2017, 267 species 

from 16 classes of unicellular algae were identified. A species list with distribution for different 

water categories is given in Appendix 1. The total number of species identified in 2017 was 

lower than that of 2016 (356 species) (Fig. II.1.1). Ratio of the species number belonging to 

different taxonomic classes was also different in 2016 and 2017. Largest contribution to the 

species diversity in 2017 was formed by Bacillariophyceae (103 species). Species diversity of 

Dinophyceae in 2017 was lower (89 species).  

In 2016, on the contrary, the maximum contribution to species diversity was formed by 

Dinophyceae (160 species), and the number of Bacillariophyceae species was significantly 

lower (108). Among the differences between 2016 and 2017 can be noted a decrease in the 

contribution of Cyanophyceae from 6% (22 species) in 2016 to 4% (11 species) in 2017. In 

addition to Bacillariophyceae and Dinophyceae and Cyanophyceae, a significant contribution 

to the species diversity was made by Chlorophyceae (17) and Prymnesiophyceae (12). In 2017, 

a complex of species belonging to these 5 classes formed 87% of the species diversity, which 

was lower than the similar value of 2017 (92%) (Fig. II.1.1). 

 

Figure II.1.1. Phytoplankton taxonomic composition. 
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The number of species identified in 2017 for the open waters of Georgia (OW-GE) was minimal 

(47 species) and steadily increased for open waters (OW-UA, 72 species), shelf waters (Shelf-

UA, 147 species) and coastal waters (CW-UA, 193 species) of Ukraine (Fig. II.1.1). A feature of 

distribution of the species number between taxonomic classes is the progressive increase in 

the contribution of Bacillariophyceae to the species diversity for the categories OW-GE (11 

species, 23%), OW-UA (24 species, 33%), Shelf-UA (55 species, 37%) and CW-UA (103 species, 

41%). The contribution of Dinophyceae to species diversity, on the contrary, decreases from 

53% (OW-UA) to 29% (CW-UA). At the stations of the Ukrainian shelf (Shelf-UA) have been 

identified 3 species, and in the coastal waters of Ukraine (CW-UA) - 11 species of 

Cyanophyceae. For categories OW-GE and OW-UA Cyanophyceae have not been identified 

(Fig. II.1.1). 

 

 Phytoplankton community structure (abundance, biomass by 
taxonomic groups) 

The maximum average abundance (3017536,46 cells/l) and biomass (14798,12 mg/m3) in 

2017 were detected in the coastal waters of Ukraine (СW-UA) (Fig. II.1.2 e, f). On the Ukrainian 

shelf the abundance and biomass values decreased to 168007.75 cells/l and 338.11 mg/m3. In 

the open waters of Ukraine in 2017 a further decrease in the phytoplankton abundance (to 

42135.96 cells/l) was revealed. However, the biomass of phytoplankton for the OW water 

category (1080.53 mg/m3) was significantly higher than the similar value for the Shelf-UA 

category (338.11 mg/m3) (Fig. II.1.2 e, f). The increase of the phytoplankton biomass in the 

open waters of the Black Sea was due to the high values of this indicator obtained in 2017 for 

the OW-GE water category (2490.89 mg/m3), which significantly exceeded the value of 

biomass for the OW-UA (375.35 mg/m3) (Fig. II.1.2 e, f). The value of phytoplankton 

abundance for OW-GE category in 2017 was minimal (25088.86 cells/l). 
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a b 

  

c d 

  

e f 

  

Figure II.1.2. Average abundance (cells/L, left) and biomass (mg/m3, right) 
 in 2016 and 2017. 

In 2016 biomass values for the OW-GE category also exceeded those for the OW-UA category 

(Fig. II.1.2 e, f). The main difference between 2016 and 2017 was determined by the nature of 

the mutual variability of abundance and biomass. For all water categories, the phytoplankton 

abundance in 2017 was lower than in 2016. The biomass values in 2017, on the contrary, were 
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higher than in 2016 for all water categories, except Shelf-UA, where in 2017 a slight decrease 

in biomass was revealed (Fig. II.1.2 e, f). The reason is an increase in the volume of algal cells, 

which was revealed for all the mass groups of phytoplankton. Thus, in 2017 the average cells 

volume of Bacillariophyceae increased by 4.0 times, and Dinophyceae - by 2.3 times (Table 

II.1.4.) This may indicate a lower intensity of production in 2017. 

Table II.1.4. The average volume of the cell [μm3] for mass classes of algae in 2016-2017. 

Year Bacillariophyceae Dinophyceae Prymnesiophyceae Cyanophyceae Chlorophyceae 

2016 15895 23789 782 515 117 

2017 63341 52662 989 910 440 

Difference 4.0 2.2 1.3 1.8 3,8 

The results of studies for three NPMS UA Phyllophora cruises, that were conducted in the area 

of the Zernov’s Phyllophora Field in April, July and August 2017 revealed an increase in the 

abundance and biomass of phytoplankton from spring to end of summer (Fig. II.1.3). The 

average biomass of phytoplankton in NPMS UA Phyllophora 2017 cruises increased from 

108.09 mg/m3 in April to 258.03 mg/m3 in July and 581.45 mg/m3 in May.  

a b 

  

c d 
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e f 

  

Figure II.1.3. Distribution average for water column abundance (103 cells/L, left) and 
biomass (mg/m3, right) of phytoplankton in cruises NPMS UA 2017: Phyllophora April (a, b), 
Phyllophora July (c, d) and August (e, f) (X-axis - longitude; Y-axis - latitude; circle - stations).  

 

The maximum biomass values over Zernov’s Phyllophora Field were detected in the upper 

mixed layer, reaching 3804.87 mg/m3 in August 2017 (Fig. II.1.3 f). 

Cruise NPMS UA conducted in August 2017 in the coastal waters of Ukraine revealed a massive 

development of algae of phytoplankton. In the zone of influence of the Dnieper River, it 

reached concentration of «algal bloom» (27672479 cells/l). The "bloom" was caused in the 

upper mixed layer by the mass development of Cyanophyceae (2183287 cells/l) and to a lesser 

extent - Prymnesiophyceae (445304 cells/l). Abnormally high phytoplankton biomass 

(291817.38 mg / m3) in the area of Tendra spit was formed by representatives of 

Bacillariophyceae (Fig. II.1.3 f). 

For JOSS GE-UA 2017 as well as for 2016 cruise the analysis of the vertical distribution showed 

the maximum values of abundance and biomass in the upper 20 m (Fig. II.1.4). 

 

A b 
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C d 

  

E f 

  

Figure II.1.4. Distribution of total phytoplankton abundance (103 cells/L, left) and biomass 
(mg/m3, right) for 3 transect JOSS-UA-GE 2017  

(X-axis – latitude (a, b) and longitude (c-f); Y-axis - depth). 

 

The spatial distribution of phytoplankton abundance and biomass in the upper mixed layer 

was non-uniform. The maximum biomass (5627.25 mg/m3) was detected at station 9 (OW-GE) 

(Fig. II.1.4). In 2017, unlike in 2016, there was no tendency to reduce the average biomass 

from the Ukrainian shelf to open waters. For JOSS-GE stations a significant increase in this 

indicator was revealed. Thus, the average biomass of phytoplankton for the category OW-GE 

(467 mg/m3) (stations 8-12 of the JOSS-2017 cruise) exceeds the value for OW-UA (2425 

mg/m3) more than 5 times. For the average abundance, there was a trend towards reduction 

from the Ukrainian shelf to the shelf waters of Georgia. 

The taxonomic structure of phytoplankton of coastal, shelf and open waters in 2017 had 

significant differences. Bacillariophyceae formed the maximum contribution to the 

abundance values for water categories OW-GE (69%) and CW-UA (48%). The Cyanophyceae 

was subdominant for abundance for the CW-UA category in 2017 (31%). Prymnesiophyceae 

in 2017 formed the maximum contribution to the abundance values for categories Shelf-UA 

(78%) and OW-UA (67%) (Fig. II.1.5 b). 
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A b 

  

C d 

 
 

Figure II.1.5. Contributions of taxonomic classes in average phytoplankton abundance (a, b) 
and biomass (c, d) in 2016-2017. 

The distribution of the contributions of taxonomic groups to the phytoplankton abundance in 

2017 and 2016 also differed (Fig. II.1.5 a, b). For the CW-UA category, the contribution of 

Cyanophyceae in 2016 (49%) was higher, and the contribution of Bacillariophyceae (25%) was 

lower than in 2017. The distribution of phytoplankton abundance for the Shelf-UA category in 

2016 was characterized by the dominance of Bacillariophyceae (86%), while the contribution 

of Prymnesiophyceae, which dominated in 2017, was only 5%. For the category OW-UA the 

contribution Prymnesiophyceae in abundance in 2016 (43%) was also significantly lower than 

in 2017. Taxonomic structure of phytoplankton of the OW-GE category in 2016, unlike in 2017, 

was characterized by a low contribution of Bacillariophyceae (18%) and a relatively uniform 

distribution of contributions in abundance of Dinophyceae (33%), Prymnesiophyceae (25%) 

and Cyanophyceae (22%) Thus, the main differences in abundance distribution between 2016 

and 2017 were determined by an increase in the contributions of Bacillariophyceae for OW-

GE categories and (in a less degree) for the CW-UA category. For the Shelf-UA and OW-UA 
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categories, the contribution of Bacillariophyceae in abundance, on the contrary, decreased as 

a result of increase the Prymnesiophyceae contribution (Fig. II.1.5). 

The distribution of contributions taxonomic groups to the biomass of phytoplankton in 2017 

was characterized by the dominance of Bacillariophyceae. The contribution of this group to 

biomass for the OW-GE category was maximal (98%). For categories CW-UA (91%), OW-UA 

(63%) and Shelf-UA (60%) it declined (Fig. II.1.5 d). 

The main differences in the distribution of biomass in 2016 and 2017 were determined by an 

increase in the contributions of Bacillariophyceae for OW-GE category and (to a lesser extent) 

for the CW-UA category in 2017. For the Shelf-UA and OW-UA categories, the contribution of 

Bacillariophyceae to biomass on the contrary decreased in 2017 as a result of an increase in 

the contribution of Dinophyceae (Fig. II.1.5 c, d). 

 

 Functional phytoplankton groups as potential indicators (A/H ratio) 

The lowest autotrophs/heterotrophs (A/H) ratio in 2017 was found in Ukrainian shelf waters, 

and the highest - in the open waters of Georgia. The A/H values for these categories differ by 

more than 20 times. In 2016, on the contrary, OW-GE was characterized by the lowest A/H 

ratio. These interannual differences are consistent with a decrease in the contribution of 

Dinophyceae to OW-GE biomass (Fig. II.1.6). 

 

Figure II.1.6. Authotrophs/heterotrophs (A/H) ratio based on biomass in 2016-2017. 

 

The A/H ratio in 2017 was higher than the values for 2016 for all aquatic categories, including 

Shelf-UA and OW-UA, for which the contribution of Dinophyceae to biomass increased. Thus, 

despite the increase in the contribution of Dinophyceae to the structure of phytoplankton, the 

relative content of heterotrophs in this group decreased (Fig. II.1.5). 



Scientific Report – Joint Black Sea Surveys 2017 

 

88 

 Dominant species 

The occurrence of a species in the composition of phytoplankton communities is one of the 

important criteria for its dominance. Species with the highest occurrence in communities of 

different categories are listed in Table II.1.5. The species with the highest occurrence in the 

phytoplankton of the CW-UA category in 2017 were Heterocapsa triquetra (Ehrenberg) Stein, 

1883 and Leucocryptos marina (Braarud) Butcher, 1967.  

Table II.1.5. Dominant and common species in the phytoplankton community 2017 
(occurrence). 

Species CW - UA OW - GE OW - UA Shelf - UA 

Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler, 1967 27 6 24 46 

Gymnodinium wulffii J.Schiller, 1933 17 13 25 41 

Pseudosolenia calcar-avis (Schultze) B.G.Sundström, 1986 20 13 26 37 

Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928 32 4 20 28 

Hillea fusiformis (J.Schiller) J.Schiller, 1925 8 6 19 43 

Prorocentrum cordatum (Ostenfeld) J.D.Dodge, 1975 22 8 13 30 

Tripos furca (Ehrenberg) F.Gómez, 2013 16 8 18 30 

Thalassionema nitzschioides (Grunow) Mereschkowsky, 1902 14 4 10 35 

Prorocentrum micans Ehrenberg, 1834 14 4 19 25 

Heterocapsa triquetra (Ehrenberg) Stein, 1883 36   25 

Gyrodinium cornutum (Pouchet) Kofoid & Swezy, 1921 8 5 11 24 

Scrippsiella trochoidea (Stein) Loeblich III, 1976 7 10 15 16 

Gymnodinium sp. 8 2 17 17 

Lingulodinium polyedrum (F.Stein) J.D.Dodge, 1989 17  14 10 

Monoraphidium contortum (Thuret) Komárková-Legnerová, 1969 27   14 

Gyrodinium lachryma (Meunier) Kofoid & Swezy, 1921 23  7 10 

Gyrodinium pingue (Schütt) Kofoid & Swezy, 1921 1 7 17 15 

Kirchneriella lunaris (Kirchner) Möbius, 1894 5 4 4 26 

Protoperidinium steinii (Jørgensen, 1899) Balech, 1974 3 1 10 25 

Nitzschia tenuirostris Mer. 13  17 8 

Glenodinium paululum Lindernann 2 10 2 21 

Leucocryptos marina (Braarud) Butcher, 1967 34    

Ollicola vangoorii (W.Conrad) Vørs, 1992 3 1 1 29 

Gyrodinium fusiforme Kofoid & Swezy, 1921 13  5 15 

Plagioselmis prolonga Butcher ex G.Novarino, I.A.N.Lucas & S.Morrall, 1994  8 4 21 

Protoperidinium pellucidum Bergh, 1881 26  1 6 

 

In samples of phytoplankton in the waters of the OW-GE and OW-UA categories frequently 

attended Pseudosolenia calcar-avis (Schultze) B.G.Sundström, 1986 and Gymnodinium wulffii 

J.Schiller, 1933. In the communities of the phytoplankton of the shelf waters of Ukraine the 

most frequently encountered were Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler, 

1967, which is the most common species in the studies of 2017 and Hillea fusiformis 

(J.Schiller) J.Schiller, 1925. 

Differences in assessing the dominance of species using abundance and biomass are due to 

their morphometric differences. Since in most cases a high abundance is formed by small 

species and high biomass - by large species, both these criteria were analyzed. The highest 

abundance in the phytoplankton communities of the CW-UA category was formed by the 
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representative of Cyanophyceae Limnothrix planctonica (Woloszynska) Meffert, 1988 and the 

Bacillariophyceae Skeletonema costatum (Greville) Cleve, 1873. The abundance of these 

species reached concentrations of "algal bloom" Table II.1.6. 

Table II.1.6. Dominant and common species in the phytoplankton community 2017 
(abundance, 103 cells/l). 
Species CW – UA OW - GE OW - UA Shelf - UA 

Limnothrix planctonica (Woloszynska) Meffert, 1988 8869.6    

Skeletonema costatum (Greville) Cleve, 1873 2790.7   4.3 

Planktolyngbya limnetica (Lemmermann) Komárková-Legnerová & Cronberg, 
1992 

1993.4    

Merismopedia tenuissima Lemmermann, 1898 1694.8    

Dactyliosolen fragilissimus (Bergon) Hasle, 1996 1170.1  0.3  

Leucocryptos marina (Braarud) Butcher, 1967 851.8    

Oocystis lacustris Chodat, 1897 847.4    

Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928 1739.4 0.9 5.7 32.6 

Mychonastes jurisii (Hindák) Krienitz, C.Bock, Dadheech & Proschold, 2011 642.9    

Chaetoceros subtilis Cleve, 1896 627.0    

Grammatophora marina (Lyngbye) Kützing, 1844 603.6    

Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler, 1967 1668.3 2.7 43.7 222.9 

Chaetoceros simplex Ostenfeld, 1902 485.5   0.2 

Durinskia dybowskii (Woloszynska) S.Carty, 2014 438.5    

Chaetoceros socialis H.S.Lauder, 1864 606.2   8.2 

Chlorogonium elongatum (P.A.Dangeard) Francé, 1897 411.6    

Binuclearia lauterbornii (Schmidle) Proschkina-Lavrenko, 1966 389.5    

Chaetoceros muelleri Lemmermann, 1898 378.7    

Dinobryon sociale (Ehrenberg) Ehrenberg, 1834 374.0    

Amphipleura sp. 364.3    

Aphanizomenon flosaquae Ralfs ex Bornet & Flahault, 1886 399.4   0.9 

Attheya septentrionalis (Østrup) R.M.Crawford, 1994 259.2    

Nitzschia tenuirostris Mer. 729.9  3.4 3.8 

Nitzschia sigma (Kützing) W.Smith, 1853 240.9    

Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin, 1964 224.8    

Pseudosolenia calcar-avis (Schultze) B.G.Sundström, 1986 4.0 19.0 3.8 2.3 

In the waters of the OW-GE category, the largest abundance were formed by Pseudosolenia 

calcar-avis and Emiliania huxleyi, in the waters of OW-UA and Shelf-UA - Emiliania huxleyi and 

Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928. However, in the shelf and open waters, 

the number of these species was much lower than in the coastal waters (Table II.1.6). 

By the biomass criterion for all water categories in the research of 2017, the large-celled 

Bacillariophyceae Pseudosolenia calcar-avis was dominant. The only exception was the 

category OW-UA, where this species was one of the subdominants, and the main dominants 

were representatives of Dinophyceae Protoperidinium pellucidum Bergh, 1881 and Ceratium 

tripos (O.F.Müller) Nitzsch 1817 (Table II.1.7). Subdominant by criterion of biomass for water 

category CW-UA was Dactyliosolen fragilissimus (Bergon) Hasle, 1996. 
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Table II.1.7. Dominant and common species in the phytoplankton community 2017 (biomass, 
mg/m3). 

Species CW – UA OW – GE OW - UA Shelf - UA 

Dactyliosolen fragilissimus (Bergon) Hasle, 1996 7070.54  7.47  

Durinskia dybowskii (Woloszynska) S.Carty, 2014 5177.96    

Pseudosolenia calcar-avis (Schultze) B.G.Sundström, 1986 16626.01 3004.88 223.08 357.49 

Tovellia coronata (Woloszynska) Moestrup, Lindberg & Daugbjerg, 
2005 

1301.71    

Nitzschia sigma (Kützing) W.Smith, 1853 499.45    

Gymnodinium agiliforme Schiller, 1928 490.82    

Durinskia agilis (Kofoid & Swezy) Chomérat & Hoppenrath, 2012 462.18    

Skeletonema costatum (Greville) Cleve, 1873 501.64   0.35 

Oblea rotunda (Lebour) Balech ex Sournia, 1973 505.75 7.63   

Cerataulina pelagica (Cleve) Hendey, 1937 630.34 4.94 1.07 6.02 

Coscinodiscus oculus-iridis (Ehrenberg) Ehrenberg, 1840 245.15    

Chaetoceros simplex Ostenfeld, 1902 252.98   0.04 

Ceratium tripos (O.F.Müller) Nitzsch, 1817 74.40 91.37 311.23 239.20 

Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot, 1980 176.74    

Grammatophora marina (Lyngbye) Kützing, 1844 159.30    

Prorocentrum oblongum (Schiller) Ab~    124.42 

Spatulodinium pseudonoctiluca (Pouchet) J.Cachon & M.Cachon, 
1968 

120.98    

Attheya decora T.West, 1860 115.74    

Amphipleura sp. 107.59    

Limnothrix planctonica (Woloszynska) Meffert, 1988 104.52    

Synedra sp. 121.71  0.24 2.55 

Oocystis lacustris Chodat, 1897 95.79    

Thalassiosira parva Proschkina-Lavrenko, 1955 210.40   0.76 

Protoperidinium pallidum (Ostenfeld, 1899) Balech, 1973 88.96    

Chaetoceros muelleri Lemmermann, 1898 80.26    

Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928 181.58 0.39 5.80 14.61 

For OW-GE and Shelf-UA categories, the second largest biomass (after Pseudosolenia calcar-

avis) was formed by large-cell representative of Dinophyceae - Ceratium tripos (Table II.1.3).  

 

 Potentially toxic species (PTS) 

In 2017 there were identified 11 potentially toxic species. As in 2016 the highest average 

abundance and biomass was registered for Pseudo-nitzschia delicatissima. In coastal waters, 

the abundance of this species reached concentrations of "algal bloom"(1739.42∙103 cells/L, 

181.58 mg/m3). The relatively high average biomass was found for Prorocentrum cordatum 

(Ostenfeld) J.D.Dodge, 1975 (59.71 mg/m3). Most potentially toxic species demonstrated 

higher abundance and biomass in the coastal waters. Exceptions were Pseudo-nitzschia 

seriata H.Peragallo, 1899 and Gonyaulax spinifera (Claparède & Lachmann) Diesing, 1866, 

more abundant in open and shelf waters (Fig. II.1.7). 
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Figure II.1.7. Average abundance (103 cells/L, left) and biomass (mg/m3, right) of 
potentially toxic phytoplankton species in 2017. 

 

The greatest abundance and biomass of potentially toxic species in 2017 was found in the 

Ukrainian coastal waters. The values of these indicators for 2017 were lower than in 2016 for 

all water categories (Fig. II.1.8). 

 

 

  

Figure II.1.8. Distribution of abundance (103 cells/L, left) and biomass (mg/m3, right) of 
potentially toxic phytoplankton species by water categories in 2016 and 2017. 
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 Phytoplankton indicator based ecological status assessment 

To assess the ecological status of habitats, classified as open water (OW-UA, OW-GE), shelf 

waters (Shelf-UA,) and coastal waters (CW-UA) only quantitative values of biomass were used. 

Results of assessment for the stations are given in Table II.1.8. 

Table II.1.8. Ecological status assessment based on biomass (mg/m3) on sampling stations of 
water categories Shelf-UA, OW-GE, OW-UA and CW-UA. 

WT Cruise St. No. B ESC 

Shelf-UA JOSS GE-UA 17 1 822.7  

Shelf-UA JOSS GE-UA 17 2 350.6  

Shelf-UA JOSS GE-UA 17 3 230.0  

OW-UA JOSS GE-UA 17 4 121.8  

OW-UA JOSS GE-UA 17 5 298.7  

OW-UA JOSS GE-UA 17 6 250.9  

OW-UA JOSS GE-UA 17 7 1 179.8  

OW-UA JOSS GE-UA 17 8 482.3  

OW-GE JOSS GE-UA 17 9 1 913.3  

OW-GE JOSS GE-UA 17 10 3 173.2  

OW-GE JOSS GE-UA 17 11 2 189.3  

OW-GE JOSS GE-UA 17 12 2 069.9  

 JOSS GE-UA 17  1 035.1  

Shelf-UA NPMS UA Phyllophora April 2017 4ph 177.4  

Shelf-UA NPMS UA Phyllophora April 2017 4Aph 230.8  

Shelf-UA NPMS UA Phyllophora April 2017 9ph 37.9  

Shelf-UA NPMS UA Phyllophora April 2017 10ph 49.3  

Shelf-UA NPMS UA Phyllophora April 2017 11ph 45.0  

 NPMS UA Phyllophora April 2017  97.2  

Shelf-UA NPMS UA Phyllophora July 2017 4ph 230.5  

Shelf-UA NPMS UA Phyllophora July 2017 9ph 260.0  

Shelf-UA NPMS UA Phyllophora July 2017 10ph 300.3  

Shelf-UA NPMS UA Phyllophora July 2017 11ph 241.3  

 NPMS UA Phyllophora July 2017  258.1  

Shelf-UA NPMS UA Phyllophora August 2017 4ph 784.9  

Shelf-UA NPMS UA Phyllophora August 2017 9ph 307.7  

Shelf-UA NPMS UA Phyllophora August 2017 10ph 140.2  

Shelf-UA NPMS UA Phyllophora August 2017 11ph 1 093.0  

 NPMS UA Phyllophora August 2017  621.4  

CW-UA NPMS UA August 2017 1w 442.6  

CW-UA NPMS UA August 2017 2w 653.5  

CW-UA NPMS UA August 2017 3w 57.7  

CW-UA NPMS UA August 2017 4w 1 450.8  

CW-UA NPMS UA August 2017 5w 148 282.1  

CW-UA NPMS UA August 2017 6w 10 226.1  

CW-UA NPMS UA August 2017 7w 4 152.4  

CW-UA NPMS UA August 2017  21 325.0  

The assessment of the ecological status of the class for the stations cruise JOSS GE-UA 2017 

showed that the most of stations of the Ukrainian shelf are classified as "high". In the open 

waters of Ukraine there was a tendency to reduce the ecological status class. At most stations, 

it is classified as "moderate". At the open water stations of Georgia, the ecological class status 
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was reduced even more. For 3 out of 4 JOSS GE stations, it is classified as "poor" (Fig. II.1.9). 

The deterioration of the ecological status of the Black Sea open waters on the basis of 

indicators of phytoplankton indicates the processes of eutrophication. To test this 

assumption, the concentrations of nutrients in the euphotic zone of the JOSS GE-UA 2017 

stations were analyzed. 

 

Figure II.1.9. Distribution of ecological status colour coded categories based on 
phytoplankton biomass for JOSS-UA-GE 2017  

(X-axis - longitude; Y-axis - latitude; circles - stations). 

The analysis of the of nutrients concentrations showed relatively low content of mineral and 

total phosphorus in the Ukrainian shelf and their progressive increase for categories OW-UA 

and OW-GE (Fig. II.1.10). Organic phosphorus, unlike organic nitrogen, quickly turns to a 

mineral form and compensates for the consumption of this nutrient by autotrophic algae of 

phytoplankton. This creates the conditions for the production of high biomass, despite the 

decrease in the concentrations of mineral nitrogen.  

Figure II.1.10. The mean values of mineral nitrogen (Nmin), mineral phosphorus (Pmin) and 
total phosphorus (Ptotal) in the euphotic zone for JOSS-UA-GE 2017 cruise stations. 
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The ecological status of the shelf waters of Ukraine during the cruises NPMS UA Phyllophora 

in April and July 2017 corresponded to the category "high" (Fig. II.1.11). 

 

 

 

Figure II.1.11. Distribution of ecological status colour coded categories based on 
phytoplankton biomass in NPMS UA Phyllophora in April (left) and July (right) 2017 (X-axis - 

longitude; Y-axis - latitude; circles - stations). 

 

The distribution of ESC categories for NPMS UA August 2017 stations indicates a high level of 

eutrophication in the coastal waters of Ukraine. The influence of the Dnieper River defined 

the category "bad" in the north-eastern part of the study area. The stations located in the area 

of influence of the Danube Delta corresponded to the category "moderate" (Fig. II.1.12).  

 

Figure II.1.12. Distribution of ecological status colour coded categories  
based on phytoplankton biomass in NPMS UA August 2017  

(X-axis - longitude; Y-axis - latitude; circles - stations). 
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In general, the results, characterizing mainly the summer period of 2017, indicate a lower 

estimate of the ecological status class compared to the results obtained in the spring of 2016 

for the open waters of Ukraine and Georgia. Estimation of the category ESC for the shelf 

waters of Ukraine in 2017 on the basis of phytoplankton indicators, in contrast, was better 

than in 2016. This confirms the need for further development of seasonal scales of ecological 

status class for different water categories of the study area on the basis of integral 

phytoplankton indices. 

II.1.4. Conclusions 

• As a result of phytoplankton studies of Ukrainian and Georgian waters in 2017, 267 

species from 16 classes of unicellular algae were identified. 

• The largest contribution to the species diversity in 2017 was formed by 

Bacillariophyceae (103 species). The species diversity of Dinophyceae in 2017 was lower 

(89 species). 

• In 2017 the progressive increase in the contribution of Bacillariophyceae to the species 

diversity for the categories OW-GE (23%), OW-UA (33%), Shelf-UA (37%) and CW-UA 

(41%) was observed. 

• The maximum average abundance (3017536 cells/l) and biomass (14798 mg/m3) in 

2017 were detected in the coastal waters of Ukraine (СW-UA). 

• The average biomass obtained in 2017 for OW-GE category (2490 mg/m3) significantly 

exceeded value for OW-UA (375 mg/m3) and the Shelf-UA (338 mg/m3). 

• The biomass of phytoplankton in the area of the Zernov’s Phyllophora Field increased 

from 108 mg/m3 in April to 258 mg/m3 in July and 581 mg/m3 in May 2017. 

• In August 2017 in the zone of Dnieper influence revealed "algal bloom" caused by the 

Cyanophyceae (2183287 cells/l) and Prymnesiophyceae (445304 cells/l) in the upper 

mixed layer.  

• In 2017 Bacillariophyceae formed the maximum contribution to the abundance for 

water categories OW-GE (69%) and CW-UA (48%), Prymnesiophyceae - for Shelf-UA 

(78%) and OW-UA (67%). 

• In 2017 the contribution Bacillariophyceae to biomass for the OW-GE category was the 

maximum (98%). For categories CW-UA (91%), OW-UA (63%) and Shelf-UA (60%) it 

declines. 

• The lowest autotrophs/heterotrophs (A/H) ratio in 2017 was found in Ukrainian shelf 

waters, and the highest - in the open waters of Georgia. 

• The species with the highest occurrence in the phytoplankton communities in 2017 were 

Heterocapsa triquetra (CW-UA), Pseudosolenia calcar-avis (OW-GE and OW-UA) and 

Emiliania huxleyi (Shelf - UA). 

• The species with the highest abundance in the phytoplankton communities in 2017 were 

Limnothrix planctonica (CW-UA), Pseudosolenia calcar-avis (OW-GE) and Emiliania 

huxleyi (Shelf - UA and OW-UA). 
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• The species with the highest biomass in the phytoplankton communities in 2017 were 

Pseudosolenia calcar-avis (CW-UA, Shelf-UA and OW-GE) and Protoperidinium 

pellucidum (OW-UA). 

• In 2017 as in 2016, the highest (from 11 potentially toxic species) values abundance and 

biomass was detected for Pseudo-nitzschia delicatissima (1739∙103 cells/L, 181 mg/m3). 

• ESC estimates for the stations JOSS GE-UA 17 "decrease" from the predominantly "high" 

for Ukrainian shelf to "moderate" for the open waters of Georgia. 

• "Decrease" of ESC for the stations JOSS GE-UA 17 is accompanied by an increase in the 

concentrations of mineral and organic phosphorus in the euphotic layer. 

• The ecological status of the shelf waters of Ukraine during the cruises NPMS UA ZPF in 

April and July 2017 corresponded to the category "high". 

• The influence of the Dnieper River defined the category "bad" in the north-eastern part 

of the cruise «NPMS UA August 2017» study area. 

 

Comparison with 2016 

• The total number of species identified in 2017 (267) was lower than that of 2016 (356 

species). 

• In 2016, unlike in 2017, the maximum contribution to the species diversity was formed 

by Dinophyceae (160 species), and the number of Bacillariophyceae species was 

significantly lower (108). 

• In 2016, unlike in 2017, there was tendency to reduce the average biomass from the 

Ukrainian shelf to open waters. Average abundance in 2017 reduced from the Ukrainian 

shelf to open waters. 

• For all water categories except Shelf-UA, the phytoplankton biomass in 2017 was higher, 

and abundance - lower, than in 2016.  

• The reason for increase of biomass with a decrease of abundance in 2017 was an 

increase in the volume of algal cells, which was revealed for all the mass groups of 

phytoplankton in 2016-2017. 

• The main differences in abundance distribution between 2016 and 2017 were 

determined by an increase in the contributions of Bacillariophyceae for OW-GE and (in 

a less degree) for the CW-UA category. For the Shelf-UA and OW-UA categories, the 

contribution of Bacillariophyceae in abundance, on the contrary, decreases as a result 

of increase the Prymnesiophyceae contribution. 

• In 2017, unlike in 2016, contributions of Bacillariophyceae to the biomass increased for 

OW-GE and CW-UA and decreased for Shelf-UA and OW-UA categories. 

• The A/H ratio in 2017 was higher than the values for 2016 for all categories. 

• The values abundance and biomass of potentially toxic species in 2017 were lower than 

in 2016 for all water categories. 
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• The results, characterizing mainly the summer period of 2017, indicate a «lower» 

estimate of the ecological status class compared to the results obtained in the spring of 

2016 for the open waters of Ukraine and Georgia. 

• Estimation of the category ESC for the shelf waters of Ukraine in 2017 on the basis of 

phytoplankton indicators was «better» than in 2016. 
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II.2. Phytoplankton JOSS RF 

A.S.Mikaelyan, L.A.Pautova, A.A.Fedorov 

 

The survey was performed using R/V "BOREY" from 24 till 28 October 2017.  

Samples of phytoplankton were collected on the three transects in the eastern part of the sea 

(see map of the cruise on Fig. II.2.1) at 12 stations. Samples were collected by vertical series 

consisting from six sampling depths. The depths were chosen with a goal to collect material 

from main hydrophysical layers: the upper mixed layer (UML), seasonal thermocline (TL) and 

the layer below - cold intermediate layer (CIL). At each station these layers were defined 

according to CTD-sounding, which was performed prior to the phytoplankton sampling. A 

special attention has been paid to chlorophyll-a maximum. Its depth was defined according to 

fluorescence profile obtained simultaneously with the CTD-sounding. One of the 

phytoplankton samples was collected at the depth of the fluorescent peak. At two stations 

additional 2-3 depths were included into vertical profile in order to study details of distribution 

in the TL.  

 
 

Figure II.2.1. Route of JOSS-RF in October 2017. 

Different methods were used for counting of micro-phytoplankton (> 6 µm) and nano- (2-6 

µm), pico-phytoplankton (< 2 µm). Samples of the micro-phytoplankton (volume of 1 liter) 

were fixed with 4% buffered formaldehyde up to the final concentration of 2% in a sample.  

Then phytoplankton cells were allowed to settle for two weeks. After that the samples were 

slowly decanted to 30 – 40 ml. These concentrates were kept at the temperature of 5-7oC 

during a month before further processing. Before count the concentrates were concentrated 

again to 10 - 20 cm3 by a slow decantation. Identification of species and counting of cells were 
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carried out under a light microscope Ergoval (Karl Zeiss, Jena) with magnifications of 160 and 

400. Counting chambers Naujotte (0.05 ml) and Naumann (1.0 ml) were used. Taxonomic 

identification was carried out mainly according to Identifying Marine Phytoplankton Manual 

(Tomas, 1997). Species names were checked in line with the World Register of Marine Species 

(http://www.marinespecies.org). The wet biomass was calculated by the method of geometric 

similarity equating cells to shape of corresponding Figures (cylinder, sphere, ellipsoid of 

rotation: Edler 1979, Vadrucci et al. 2007) assuming that the cellular density is equal to 1. This 

count was performed at each of 12 stations. 

Small phytoplankton (less than 6 µm) was enumerated using epifluorescent microscopy. 

Aliquots (14 ml) of the collected samples were fixed with glutaraldehyde (up to 1% of final 

concentration). After 20 min, the aliquots were filtered through 0.2 µm Nuclepore black filters. 

Following filtering algae cells were stained with primulin in the filtering funnel (Caron 1983). 

After filtering, slides with the filters were frozen at -22oC and transported to laboratory in 

Gelendzhik where they were kept at the same temperature. During 2-3 weeks the slides were 

examined microscopically (FLUOVAL, Carl Zeiss, Yena) using blue excitation. Eukaryotes had 

gradation of red colour, unicellular cyanobacteria (under 2 µm) fluoresced yellow-orange. 

Cells were counted at magnification × 1000 in 30 fields of vision. The investigated filter area 

corresponded to 0.021 ml. This count was performed at two stations where the additional 

sampling depth was taken in the TL. 

Phytoplankton was represented by species of the autumn complex. In more than 50% of all 

samples the following taxons presented: nanoflagellates with a cell diameter of 2 to 6 μm, 

dinoflagellates Prorocentrum micans, Prorocentrum cordatum, Tripos furca, diatoms 

Pseudosolenia calcar-avis and Hemiaulus hauckii. However, at the same time, some species 

common to other seasons occurred: the early-summer species coccolithophore Emiliania 

huxleyi and the spring dinoflagellate Scrippsiella trochoidea. 

The most numerous were small flagellates 2-6 μm. Their average number in the samples was 

150000 cells/liter. Almost the same value was estimated for the coccolithophore Emiliania 

huxleyi. Among the medium and large algae, the highest cell numbers (cells/liter) was 

observed for diatoms Pseudosolenia calcar-avis (905), Hemiaulus hauckii (456), Pseudo-

nitzschia delicatissima (296), Thalassionema nitzschioides (178), Proboscia alata (166). 

Two species predominated by biomass. The average biomass of Pseudosolenia calcar-avis and 

Emiliania huxleyi was 25 and 23 mg/m3, respectively. The subdominants were: nanoflagellates 

4-6 μm (11.4), Protoperidinium depressum (7.9), Hemiaulus hauckii (4.2), Proboscia alata (4.6), 

Ceratium fusus (3.2). On average, Emiliania huxleyi comprised the highest share in the biomass 

(27%). Next were: Pseudosolenia calcar-avis (15%), nanoflagellates 4-6 μm (13.1%) and 2-4 

μm (6.9%), Prorocentrum micans (5.4%), Ceratium fusus (3.3% ), Hemiaulus hauckii (3.0%), 

Tripos furca (2.7%). 

The total biomass in the water column varied from 1.1 to 5.5 g/m2, with an average value of 

3.1 g/m2. Along with depth phytoplankton was distributed as follows. The average number of 

algae in UML, TL, CHL and CIL was 1.5, 4.4, 5.6 and 0.3 mg/m3, respectively. The average total 

biomass of phytoplankton in UML, TL, CHL and CIL was 118, 74, 20, 4 mg/m3, respectively. 
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Figure II.2.2. Structure of phytoplankton in the northern 1st and southern 3rd transects. The 
proportion of taxonomic groups (%) of the total biomass of phytoplankton (g/m2). 

 

The level of quantitative development and taxonomic composition of phytoplankton differed 

on the 1st and 3rd transects. The total biomass in the water column on the 1st transect from 

Gelendzhik was higher (3.8 g/m2) than on the 3rd transect from Sochi (2.7 g/m2). Diatoms (1.9 

g/m2) prevailed on the 1st transect by biomass, coccolithophores (1.2 g/m2) on the 3rd transect. 

These differences determined the structure of phytoplankton. On the 1st transect 50% of the 

total biomass was made by diatoms (Figure II.2.2). The share of coccolithophores, 

dinoflagellates and nanoflagellates accounted for approximately 15-18%. On the 3rd transect 

coccolithophores comprised 40% to the total biomass of phytoplankton, diatoms - 28% and 

dinoflagellates - 23%. 

The vertical distribution of different taxonomic groups of algae was different. Diatoms were 

mainly found in the UML and in the uppermost part of the TL (Figure II.2.4). This was clearly 

seen when comparing their distribution with the temperature profile (Fig. II.2.3). On the 1st 

transect dinoflagellates had a similar distribution along the depth. However, on the 3rd 

transect this group was mainly contained in the TL. 

 
Figure II.2.3. Vertical distribution of temperature (left panel) and fluorescence (right 

panel) on the 1st transect from Gelendzhik to the center of the sea. 
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On the 1st transect the few coccolithophores were distributed in the water column relatively 

evenly. On the 3rd transect the coccolithophores were mainly concentrated in the upper part 

of the TL. It is noteworthy that on the 1st transect the maximum concentrations of both 

diatoms and dinoflagellates were observed in the UML in 30-40 miles off shore in the region 

of the core of cyclonic eddy. At the same time, the spot of increased chlorophyll-a 

concentration in the TL layer, well seen on fluorescence profiles of chlorophyll-a (Fig. II.2.3) 

was not reflected in the vertical distribution of the phytoplankton biomass. 

At 2 stations, detailed sampling was performed to analyze the vertical profile of the number 

of different algae groups. In addition to standard phytoplankton count, the 

nanophytoplankton and picophytoplankton were accounted for by fluorescence microscopy. 

This significantly increased the quality of enumeration of these groups of algae. The vertical 

distribution of these algae has shown that nano- and picoplankton formed clusters in the TL. 

These patches corresponded to location of the deep fluorescence maximum of chlorophyll-a 

(Fig. II.2.5). At the same time, diatoms developed in the UML and formed the main portion of 

biomass and chlorophyll-a in this layer. 

 

Figure II.2.4 Vertical distribution of the phytoplankton biomass (mg/m3) of dinoflagellate 

(a, d), diatoms (b, e) and coccolithophores (c, f) on the 1st transect (left panel) and on the 

3rd transect (right panel). 
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The structure of phytoplankton at the 1st transect corresponded to the prevailing perceptions 

about the autumn species composition. Predomination of diatoms and, in particular, 

Pseudosolenia calcar-avis is characteristic for the autumn season (Georgieva, 1993; Berseneva 

et al., 2004). Autumn bloom develops due to erosion of the upper part of the TL. The process 

occurs all over the sea (Mikaelyan et al., 2017). However, in the centers of water upwelling, 

this process is intensified and starts earlier than in the rest of the sea. The erosion of water 

from the thermocline from above is compensated by the rise of water from below, thereby 

ensuring the penetration of biogenic elements through the TL into the UML. At the same time, 

due to the increased flow of biogenic elements into the upper layer, diatoms develop in the 

UML (Fig. II.2.5). This was clearly seen in the distribution of biomass of diatoms on the 1st 

transect, where the maximum number of these algae was recorded in the center of the 

cyclonic ascent at St. No. 5 in 30 miles offshore (Fig. II.2.4b and Fig. II.2.3). At the same station, 

a shallow position of high concentrations of nitrates was observed (Fig. II.2.6).  

The concentration of nitrate of 1 μM was recorded at a depth of 35 m. The same situation was 

observed at the last station of the transect 9. As a result, the increased amount of diatoms 

was observed in the UML at this station (Fig. II.2.5b). Less pronounced, but the similar increase 

in biomass of dinoflagellates indicated the reply of these algae to the upward flow of biogenic 

elements (Fig. II.2.5a). 

 

Figure II.2.5. Vertical distribution of temperature (red) and fluorescence of chlorophyll-a 
(green line) - (left panel); biomass of diatoms (green line) and pico- and nanoflagellates 

(orange line) - (right panel) at station 9 in the center of the sea. 
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Figure II.2.6. Distribution of nitrates on the Gelendzhik-Center transect,  
24-26.10.2017. 

The structure of phytoplankton in the 3rd transect differed from that usually expected for the 

autumn period. Virtually the entire transect was located outside the cyclonic ascent zone, 

except for the most seaward station (Fig. II.2.7). As a consequence, the concentration of 

nitrate of 1 μM was at a depth of 40 m and lower. Biomass of phytoplankton was lower than 

on the 1st transect. Phytoplankton was dominated by coccolithophores, which are more 

typical for the early summer season (Mikaelyan et al., 2005; Burenkov et al., 2011). The cases 

of mass development of coccolithophores in autumn are known (Sukhanova, 1995), however 

they are rare and the cell concentration is significantly lower than that in the spring season. 

The abundance of 100-300 thousand cells per liter observed in our survey corresponded to 

this scheme. 

 
Figure II.2.7 Dynamic topography of the basin (altimetry) and scheme of stations 

(yellow dots). 
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During the survey on the entire investigated water area a deep maximum of chlorophyll-a was 

observed. It occupied an extended layer from the beginning of the TL to the middle of the CIL. 

Nevertheless, the most of biomass of the phytoplankton taxonomic groups at was located 

above this layer (Fig. II.2.4). Only at two stations, where the nano- and picoplankton algae 

were correctly encountered, the relatively high biomass of phytoplankton was observed in the 

deep-water layer of the chlorophyll-a maximum.  

This vertical distribution of small phytoplankton is characteristic for the summer-autumn 

season, when clusters of unicellular cyanobacteria are observed in deep layers (Rat'kova, 

1989). The development of small algae, apparently, can explain the deep maximum of 

chlorophyll, exceeding the surface concentrations (Fig. II.2.3, II.2.8). In this layer small algae 

are more competitive than large ones due to adaptation to low light conditions, which at these 

depths varied from 1 to 15% of the subsurface values.  

 

 
 

Figure II.2.8. Distribution of hydrogen sulphide concentration on the Gelendzhik-
Center transect, 24-26.10.2017. 
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II.3. Phytoplankton NPMS UA: Phyllophora Field (April, 
July, August 2017) 

Terenko G.V., Grandova M.А. 

II.3.1. Introduction 

One of the unique natural marine areas is the Zernov’s Phyllophora Field (ZPF), located in the 

northwestern part of the Black Sea, which received its name as a result of a large accumulation 

of red algae of the genus Phyllophora Grev [1]. With the aim of preserving and renewing its 

bioresources, in November 2008 ZPF was given the status of a botanical reserve of national 

importance [2]. 

The area of the phyllophora field is 4025 km2, the nearest point from the shoreline of the 

reserve is located about 40 km from the Tsaregradsky strait of the Dniester estuary. 

The task of studying this area of the sea was posed to researchers since the 50s of the last 

century. Thus, in her work on the study of the Black Sea phytoplankton, Morozova-

Vodyanitskaya saw in a study of phytoplankton in the region of the phyllophora field one of 

the unsolved problems of prime importance [3]. 

Unfortunately, to date, despite six expeditions to the area of the  phyllophora field (1999-

2000, 2004, 2005, 2006, 2007, 2012) organised by the researchers of the two institutions 

dealing with the Black Sea problems, hydrobiological issues remain open in many respects. In 

particular, there are no separate works detailing the current state of phytoplankton 

communities, with a list of the biodiversity microalgae included. There are only single short 

works dedicated to the microphytobenthos of the phyllophora field [4], and phytoplankton 

[5]. 

The purpose of this work was to determine the qualitative and quantitative composition of 

plankton microalgae of the phyllophora field of Zernov, as the main producers of organic 

matter in the warm season of this region of the sea. 

II.3.2. Materials and methods 

The study material consists of 70 samples selected at 4 stations located in the area of the 

phyllophora field studied by EMBLAS-II (11.04.-13.04.2017, 10.07.-11.07.2017, 15.08.-

21.08.2017). The location of the stations is shown in Fig. II.3.1. The letter “A” was added to 

the numbers of additional stations selected in April. 
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Figure II.3.1. Map of sampling sites in the area of the ZPF in April, July and August 2017. 

The boundary of the field of Zernov is denoted by a pentagon. 

Samples of phytoplankton were collected using Molchanov`s bathometer from the surface 

water layer and 3-liter Niskin`s bathometer from the horizons from 5 to 40 m. Simultaneously, 

the determination of the hydrological and hydrochemical parameters of the marine 

environment has been carried out. 

Unpreserved samples of 1,5-2 litres volume were concentrated by reverse filtration through 

the nucleopore filters (pore diameter 1.5 µm) up to 45-50 ml; these samples may be 

concentrated repeatedly up to 20-18 ml on necessity, followed by fixation with 40% 

neutralized formalin. Phytoplankton identification was under light microscope “Mikmed-2” 

(magnification x600). Algae were counted in the Nageotte chamber (volume 0.05 ml). 

For the first time, the floristic material obtained was generalized in the form of a list of species 

of microalgae of the phyllophora field (Table 1, Annex 1 to this chapter). Taxonomic revision 

of species was carried out using the International Electronic Catalog AlgaeBase [6]. 

II.3.3. Results and discussion 

In April phytoplankton of the phyllophora field, 58 species and infraspecific taxa of algae 

belonging to 7 phylum were noted: Bacillariophyta (35%), Dinophyta (33%), Chlorophyta (3%), 

Cyanophyta (2%), Chrysophyta (17%), Cryptophyta (7%) and Flagellata (3%). In the spring 

period, the largest number of species was characterized by diatoms (20 species) and 
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dinophytes (19 species), greens (2 species), blue-greens (1), goldens (10), cryptophytes (4) and 

ultramicroscopic flagellates (2) a small number of species. 

In comparison with the spring period, the number of species in summer phytoplankton 

increased 1.6 times, the number of dinophytes increased 2 times, and the number of green 

increased 3.5 times, while the number of golden ones decreased by almost half. 

Thus, in July, 92 species and infraspecific taxa of microalgae were recorded in phytoplankton 

of the phyllophora field, belonging to 9 systematic units: Bacillariophyta (34%), Dinophyta 

(41%), Chlorophyta (8%), Cyanophyta (2%), Chrysophyta (7%), Cryptophyta (3%), 

Dictyochophyceae (1%), Prasinophyceae (1%) and Flagellata (3%). In July, the largest number 

of species were diatoms (31 species) and dinophytes (38 species), greens (7 species), blue-

greens (2), goldens (6), cryptophytes (3), dictyochophytes (1), prasinophytes (1) and 

ultramicroscopic flagellates (3) consisted of a small number of species. 

In August, 64 species and infraspecific taxa of microalgae were recorded in phytoplankton of 

the phyllophora field, belonging to 9 systematic units: Bacillariophyta (25%), Dinophyta (47%), 

Chlorophyta (8%), Cyanophyta (2%), Chrysophyta (8% ), Cryptophyta (3%), Dictyochophyceae 

(2%), Euglenophyta (2%) and Flagellata (3%). In July, the largest number of species were 

diatoms (16 species) and dinophytes (31 species), greens (5 species), blue-greens (1), goldens 

(5), cryptophytes (2), dictyochophytes (1), euglenophytes (1) and ultramicroscopic flagellates 

(2) consisted of a small number of species.    

The planktonic algocoenosis in the region of the phyllophora field in April with regard to 

ecological groups was characterized as marine planktonic (Mp) – in 71% of cases, marine 

benthic (Mb) in 16%, marine benthic-planktonic (M-t) – 2%, freshwater brackish-planktonic 

(PS-p) – 3%, freshwater-planktonic (Pp) – 3%, freshwater-benthic (Pb) – 2%. The increase in 

the proportion of marine benthic forms is associated with instability of the wind component 

of the hydrological regime in the spring period and the entry of benthic diatoms into the upper 

horizontal layers. 

In July, the ecological groups were distributed as follows: marine planktonic (Mp) – 74%, 

marine benthic (Mb) – 13%, marine benthic-planktonic (M-t) – 1%, brackish-marine plankton 

(Sp) – 2 %, freshwater brackish-water planktonic (PS-p) – 3%, freshwater-planktonic (Pp) – 7%. 

In August, the ecological groups were distributed as follows: marine planktonic (Mp) – 78%, 

marine benthic (Mb) – 9%, marine benthic-planktonic (M-t) –2%, brackish-marine planktonic 

(Sp) – 2 %, freshwater brackish-water planktonic (PS-p) – 3%, freshwater-planktonic (Pp) – 6%. 

An analysis of the quantitative indicators of phytoplankton of the stations under study in April 

2017 showed that the maximum abundance in the surface horizon was noted at two stations: 

St. No. 11 – 70.73·103 cells l-1 and St. No. 4A – 66.16·103 cells l-1, where the maximum biomass 

was registered – 412.67 mg m-3, which is connected with the direct influence of the waters of 

the Dniester estuary. The minimum quantitative indicators were recorded at the St. No. 9 – 

26.82·103 cells l-1; 32.14 mg m-3. The increase in the number of stations is due to the presence 

in the plankton of large forms of marine dinoflagellates, predominantly of the genus 

Protoperidinium and heterotrophic forms of the dinoflagellates genus Gyrodinium, as well as 

the mixotrophic dinophyte Heterocapsa triquetra. The number of stations increased due to 
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the presence in the plankton of large forms of marine dinoflagellates, predominantly of the 

genus Protoperidinium and heterotrophic forms of the dinoflagellates genus Gyrodinium, as 

well as the mixotrophic dinophyte Heterocapsa triquetra (Fig. II.3.2A, B). 

  

   А                                                                  B 

Figure II.3.2. The distribution of abundance (A) and biomass (B) of the phyllophora field in 

the surface horizon in April 2017. 

An analysis of the quantitative indicators of phytoplankton in the investigated stations in July 

2017 showed that the maximum abundance in the surface horizon was noted at two stations: 

St. No. 11 – 1265.34·103 cells l-1 and St. No. 4 – 1131.49·103 cells l-1. The maximum biomass 

was at St. No. 11 – 506.34 mg m-3 and at the St. No. 10 – 359.20 mg m-3, which was due to the 

direct influence of the waters of the Dniester estuary. During this period, “blooming” of water 

was observed at three stations, caused by the massive development of the coccolithophore 

Emiliania huxleyi, whose number was from 870.81·103 cells l-1 (St. No. 9) to 1221.42·103 cells 

l-1 (St. No. 11). The maximum biomass was formed by the development of the summer 

complex of microalgae: large cell diatoms Pseudosolenia calcar-avis and Cerataulina pelagica, 

heterotrophic forms of the dinoflagellates genus Gyrodinium, the genus Prorocentrum and 

large-cell unarmored genus Ceratium (Fig. II.3.3A, B). 

   

А                                                                        B 

Figure II.3.3. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field in the surface horizon in July 2017. 

An analysis of the quantitative indicators of phytoplankton of the stations studied in August 

2017 showed that the maximum abundance in the surface horizon was noted at St. No. 9 – 
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213.67·103 cells l-1. An insignificant accumulation of coccolithophore Emiliania huxleyi was 

observed here, its abundance was 179.37·103 cells l-1, at sea water temperature of 25.80ºС 

and salinity of 15.97‰. At the St. No. 11 the summer complex of heat-loving dinoflagellates 

genus Gyrodinium, Protoperidinium, Gymnodinium, Tripos with of maximum biomass – 

1117.34 mg m-3 formed was here and large cell diatoms Pseudosolenia calcar-avis, whose 

biomass was 912.88 mg m-3 (Fig. II.3.4A, B). 

  

А                                                                   B 

Figure II.3.4. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field in the surface horizon in August 2017. 

The maximum number at the 10 m horizon in April was noted at St. No. 11–  102.63·103 cells 

l-1, due to the development of the new for the Black Sea of the marine of ultra-microscopic 

flagellate Ollicola vangoorii (75,39·103 cells l-1). The development of this species of microalgae 

occurred at a sea water temperature of 7.12°C and salinity of 17.06‰. In the algocoenosis the 

second, in number, St. No. 4 (41.94·103 cells l-1) observed the formation of the early spring 

population of coccolithophore Emiliania huxleyi (14.11·103 cells l-1), at a sea water 

temperature of 7.48ºС and a salinity of 16.61‰. The maximum biomasses was noted at St. 

No. 4 – 259.27 mg m-3 and at the St. No. 4A –183.58 mg m-3, which is associated, first of all, 

with the development of large marine heterotrophic forms of the dinoflagellates genus 

Gyrodinium and the genus Protoperidinium, as well as the mixotrophic dinophyte Heterocapsa 

triquetra (Fig. II.3.5A, B). 

  

А                                                                    B 

Figure II.3.5. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field at the horizon of 10 m in April 2017. 

0

50

100

150

200

250

St4 St9 St10 St11

A
b

u
n

d
a

n
ce

,
х
1

0
3

 c
e
ll

s 
l-

1
 

Stations

0

500

1000

1500

St4 St9 St10 St11

B
io

m
a

ss
, 

m
g

 m
-3

Stations

0

20

40

60

80

100

120

St4 St4A St9 St10 St11

A
b

u
n

d
a

n
ce

, 
х
1

0
3

 c
e
ll

s 
l-

1

Stations

0

50

100

150

200

250

300

St4 St4A St9 St10 St11

B
io

m
a

ss
, 

m
g

 m
-3

Stations



Scientific Report – Joint Black Sea Surveys 2017 

 

110 

The maximum number at the 10 m horizon in July was noted at St. No. 11 – 1782,14·103 cells 

l-1 during to the “blooming” of coccolithophore Emiliania huxleyi, the number of which here 

was the maximum for the entire study period and make up to 1738.10·103 cells l-1. The 

development of this species of microalgae occurred at a temperature of sea water of 21.70°C 

and a salinity of 15.45‰. The maximum biomass in July was noted at St. No. 9 – 904.06 mg m-

3 in the period of vegetation the large cell diatoms Pseudosolenia calcar-avis. At the remaining 

stations, the biomass was formed by the heterotrophic dinoflagellates genus Gyrodinium and 

the large cells armored of the genus Ceratium (Fig. II.3.6A, B). 

  

А                                                                                            B 

Figure II.3.6. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field at the horizon 10 m in July 2017. 

In August, the upper layer of the thermocline was located at a depth of 14 to 18 m. The 

maximum abundance of phytoplankton over the thermocline layer in August was noted at St. 

No. 4 – 1070.41·103 cells l-1 on account of the high number of species (31). The high 

biodiversity at this station is associated with the formation of the plankton algocoenosis by 

representatives of the genera of the exclusively high bottom places of the northwestern part 

of the sea – Dinophysis, Gyrodinium, Protoperidinium, Ceratium. The maximum biomass for 

the entire study period was noted at St. No. 11 – 3804.87 mg·m-3 account of the development 

of a large cell diatom Pseudosolenia calcar-avis, whose biomass was 3539.47 mg·m-3 

(Fig. II.3.7A, B).  

  

А                                                               B 

Figure II.3.7. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field in the upper layer of the thermocline in August 2017. 
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The maximum abundance in the near-bottom horizon in April was noted at St. No. 4 – 

15.68·103 cells l-1, as well as at the St. No. 4A – 8.61·103 cells l-1. The maximum biomass was 

recorded at the same stations: St. No. 4 – 123.74·103 mg·m-3 and St. No. 4A –96.19 mg·m-3, 

due to the presence in the plankton of large forms of the dinoflagellates genus 

Protoperidinium and a significant number of benthic diatoms of the genus Cocconeis, 

Tabularia, Navicula, and mixotrophic dinophyte Heterocapsa triquetra. It should be noted that 

at the St. No.9 deepwater station (40 m), biomass indicators (95.5 mg·m3) were found in the 

same rank as in St. No. 4A (22 m) – 96.19 mg·m-3. This horizon was preferable for 

representatives of marine heterotrophic dinoflagellates of the genus Gyrodinium and 

myxotrophic ones of the genus Protoperidinium, which existed without sufficient illumination, 

at a low water temperature of 5.83°C and a high salinity of 18.58‰ (Fig. II.3.8A, B). 

 
 

А                                                                    B 

Figure II.3.8. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field at the near-bottom horizon in April 2017. 

The maximum abundance in the near-bottom horizon in July was noted at St. No. 11 – 

26,37·103 cells l-1, the maximum biomass of 51,80 mg·m-3 was noted here, account of to the 

development of a large cell diatom Pseudosolenia calcar-avis (Fig. II.3.9A, B). 

  

А                                                                  B 

Figure II.3.9. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field at the near-bottom horizon in July 2017. 

The maximum abundance in the near-bottom horizon in August was noted at St. No. 4 – 
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plankton algocenosis is associated with the formation of an complex of planktonic and benthic 

forms of marine genesis. The maximum biomass was recorded at the same station – 672.71 

mg·m-3, due to the development of a large cell diatom Pseudosolenia calcar-avis, whose 

biomass was 493.54 mg·m-3. Domination by biomass of this diatom was observed at all 

stations of the near-bottom horizon in August 2017 (Fig. II.3.10A, B). 

  

А                                                               B 

Figure II.3.10. The distribution of abundance (A) and biomass (B) of the phytoplankton of 

the phyllophora field at the near-bottom horizon in August 2017. 

 

II.3.4. Conclusions 

In the spring-summer period of 2017 were noted in the planktonic algocoenosis of the Zernov 

Phyllophora Field from 58 to 92 species and infraspecific taxa of microalgae belonging from 7 

to 9 systematic units: Bacillariophyta (35% -34%), Dinophyta (47%–33%), Chlorophyta (8%–

3%), Cyanophyta (2%), Chrysophyta (17%–7%), Cryptophyta (7% –3%), Euglenophyceae (2%), 

Dictyochophyceae (1%), Prasinophyceae (1%) and Flagellata (3%). 

In summer, the number of phytoplankton species increased 1.6-times; the number of 

dinoflagellates increased 2-times, greens 3.5-times, while the number of golden ones 

decreased almost by half. The maximum species diversity was noted in July - 92 species and 

varieties of microalgae. In the same period, the maximum quantitative indicators were 

recorded at two stations (St. No. 4 and St. No. 11) as a subject to the influence of the waters 

of the Dniester Estuary and the Danube. 

The planktonic algocoenosis in the region of the phyllophora field with respect to ecological 

groups was characterized as marine planktonic (Mp) – 71%–78%, marine benthic (Mb) – 9%–
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freshwater brackish planktonic (PS-p) – 3%, freshwater-planktonic (Pp) – 3%–7%, freshwater-

benthic (Pb) – 2%. The increase in the proportion of marine benthic forms is associated with 

an unstable wind component during the research period and the entry of benthic ditomies 

into the upper layers. 

Above the thermocline in July 2017, during the “blooming” of the coccolithophoride Emiliania 

huxleyi, the maximum abundance of the species was 1782.14·103 cells l-1, at a sea water 
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temperature of 21.70°C and a salinity of 15.45‰. The maximum biomass of phytoplankton 

for the entire study period was noted at St. No. 11 – 3804.87 mg·m-3, during the “blooming” 

of the large cell diatom Pseudosolenia calcar-avis, whose biomass was 3539.47 mg·m-3. 

Thus, in the recent period, the phytoplankton of the ZPF is characterized by a significant 

species diversity of phytoplankton organisms, mainly marine genesis, with dominance of 

planktonic forms. It was noted that the phyllophorous field in summer, out of all regions of 

the northwestern part of the Black Sea, is characterized by the largest species diversity of 

dinoflagellates, which, in turn, are indicators of low trophicity of waters. Finding new and rare 

species of microalgae makes this area of the sea interesting in a taxonomic sense. 
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ANNEX 1 

Table 1. Species composition of plankton microalgae of the phyllophora field in the spring 
and summer of 2017 (according to the original data) 

Species Months Ecological 
groups А J А 

BACILLARIOPHYTA     

Amphora crassa  Gregory, 1857  +  M-b 

A. hyalina  Kützing, 1844  +  M-b 

Amphora sp.  +  M-b 

Cerataulina pelagica  (Cleve) Hendey, 1937  + + M-p 

Ceratoneis closterium Ehrenberg, 1839  + + + М-t 

Chaetoceros insignis  Proschkina-Lavrenko, 1955  +  M-p 

C. laciniosus Schütt, 1895 + +  M-p 

C. similis  P.T. Cleve, 1896  +  M-p 

C. simplex  Ostenfeld, 1901  +  M-p 

C. socialis  Lauder, 1864  + + M-p 

Cocconeis costata Greg. +  + M-b 

C. pediculus Ehrenberg, 1838  + + M-b 

C. scutellum (Grunow in Van Heurck) P.T. Cleve, 1896 +  + M-b 

Coscinodiscus jonesianus (Greville) Ostenfeld, 1915 +   M-p 

Cyclotella caspia Grunow 1878 + + + M-p 

C. meneghiniana Kützing 1844  +  S-p 

Cyclotella sp.  +  M-p 

Cymbopleura sp. +   M-b 

Diatoma tenuis C.A. Agardh, 1812 +   P-b 

Ditylum brightwellii (T. West) Grunow in Van Heurck, 1883 +   M-p 

Entomoneis paludosa  (W. Smith) Reimer, 1975  +  M-b 

Halamphora coffeaeformis (Ag.) Levkov  +  M-b 

Hemiaulus hauckii Grunow, 1880-1885***  +  M-p 

Licmophora gracilis (Ehrenberg) Grunow 1867  + + M-b 

Navicula lanceolata (C.A. Agardh) Ehrenberg, 1838 +  + M-b 

N. pennata var. pontica Mer. + + + S-р 

Navicula sp. + + + M-b 

Nitzschia holsatica  Hustedt, 1930    + M-b 

Nitzschia longissima  (Brébisson in Kützing) Ralfs in Pritchard, 1861   + M-p 

Nitzschia tenuirostris  Mereschkowsky   + M-p 

Nitzschia sp. + + + M-b 

Paralia sulcata  (Ehrenberg) P.T. Cleve, 1873   + M-b 

Proboscia alata (Brightwell) Sundström, 1986    M-p 

Pseudo-nitzschia delicatissima  (P.T. Cleve, 1897) Heiden, 1928  + + M-p 

Pseudo-nitzschia pungens  (Grunow ex P.T. Cleve, 1897) Hasle, 1993  +  M-p 

Pseudosolenia calcar-avis  (Schultze) B.G.Sundström, 1986  + + M-p 

Skeletonema costatum (Greville) P.T. Cleve, 1878 + +  M-p 

Stephanodiscus hantzschii Grunow, 1880 + +  M-p 
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Species Months Ecological 
groups А J А 

Synedra sp. + + + M-b 

Tabularia fasciculata (C.Agardh) D.M.Williams & Round, 1986 + +  M-b 

Thalassionema nitzschioides  (Grunow, 1862) Van Heurck, 1896  +  M-p 

Thalassiosira baltica  (Grunow in P.T. Cleve, Grunow) Ostenfeld, 1901   + M-p 

T. parva Proshk.-Lavr., 1955 + +  M-p 

Thalassiosira sp.  + + M-p 

DINOPHYTA     

Akashiwo sanguinea  (K.Hirasaka) G.Hansen , Ø.Moestrup  +  M-p 

Achradina pulchra  Lohmann, 1903 +  + M-p 

Alexandrium tamarense  (Lebour, 1925) Balech, 1985  +  M-p 

A. klebsii  Kofoid , Swezy, 1921   + M-p 

A. operculatum  Claparède, Lachmann, 1859  +  M-b 

Alexandrium sp. + +  M-p 

Ceratium fusus var. seta (Ehrenberg) Sournia, 1966  + + M-p 

C. tripos (O.F.Müller) Nitzsch, 1817   + + M-p 

Chimonodinium lomnickii (Wołosz.) Craveiro et al., 2011** + + + P-p 

Cochlodinium helicoides  Lebour, 1925***  +  M-p 

Dinophysis acuminata Claparède, Lachmann, 1859 + +  M-p 

Dinophysis caudata  Saville-Kent, 1881   + M-p 

D. fortii  Pavillard, 1923***  +  M-p 

Dinophysis norvegica  Claparède , Lachmann, 1859   + M-p 

Diplopsalis lenticula Bergh, 1881 + + + M-p 

Glenodinium paululum  Lindemann  + + M-p 

Glenodinium pilula  (Ostenfeld) Schiller   + M-p 

Glenodinium sp. + +  M-p 

Cochlodinium citron Kofoid, Swezy, 1921*** +   M-p 

Gonyaulax minima  Matzenauer, 1933  +  M-p 

G. polygramma  Stein, 1883   + M-p 

G. spinifera  (Claparède , Lachmann, 1859) Diesing, 1866   + M-p 

Gymnodinium najadeum  Schiller, 1928  + + M-p 

Gymnodinium simplex  (Lohmann, 1911) Koifoid , Swezy, 1921  +  M-p 

Gymnodinium wulffii Schiller, 1933 + + + M-p 

Gymnodinium sp. + + + M-p 

Gyrodinium cornutum  (Pouchet, 1885) Kofoid , Swezy, 1921  + + M-p 

G. fusiforme  Koifoid , Swezy, 1921  + + M-p 

G. lachryma (Meunier, 1910) Kofoid, Swezy, 1921*** + + + M-p 

G. pingue  (Schütt, 1895) Kofoid , Swezy, 1921  + + M-p 

G. spirale (Bergh, 1881) Kofoid et Swezy, 1921 +  + M-p 

Heterocapsa triquetra (Ehr.) Stein  + + + M-p 

Katodinium sp. ***  +  M-p 

Levanderina fissa (Levander) Ø.Moestrup, P.Hakanen, G.Hansen, 
N.Daugbjerg & M.Ellegaard, 2015 

+   M-p 
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Species Months Ecological 
groups А J А 

Lingulodinium polyedrum  (Stein, 1883) Dodge, 1989  + + M-p 

Phalacroma rotundata  (Claparéde , Lachmann) Kofoid , Michener, 1911***  +  M-p 

Prorocentrum cordatum (Ostenfeld, 1901) Dodge, 1975 + + + M-p 

P. micans  Ehrenberg, 1834  + + M-p 

Protoperidinium bipes (Paulsen, 1904) Balech, 1974 + + + M-p 

P. brevipes  (Paulsen, 1908) Balech, 1974***  + + M-p 

P. crassipes (Kofoid, 1907) Balech, 1974 + +  M-p 

Protoperidinium divergens  (Ehrenberg, 1841) Balech, 1974   + M-p 

P. granii  (Ostenfield, 1906) Balech, 1974  + + M-p 

P. pellucidum Bergh, 1882 +   M-p 

P. steinii (Jörgensen, 1899) Balech, 1974  + + M-p 

Protoperidinium sp.  + + M-p 

Scrippsiella trochoidea (Stein) Loebl.   + + M-p 

Tripos furca  (Ehrenberg) F.Gómez, 2013  + + M-p 

Tryblionella compressa (J.W.Bailey) M.Poulin, 1990  + + M-p 

CRYPTOPHYTA     

Hillea fusiformis Schill. + + + M-p 

Plagioselmis prolonga  Butcher ex G.Novarino, I.A.N.Lucas , S.Morrall, 1994* + + + M-p 

Plagioselmis sp. +   M-p 

CHLOROPHYTA     

Crucigenia tetrapedia (Kirchner) Kuntze 1898  +  P-p 

Desmodesmus communis (Hegewald) Hegewald   + P-p 

Hyaloraphidium contortum  Pascher & Korshikov, 1931  + + P-p 

Kirchneriella lunaris  (Kirchner) K. Möbius, 1894  + + + P-p 

Monoraphidium contortum  (Thuret) Komárková-Legnerová, 1969 + + + P-p 

Monoraphidium komarkovae  Nygaard, 1979   + P-p 

Oocystis borgei  J. Snow, 1903  +  P-p 

Raphidocelis danubiana (Hindák) Marvan, Komárek & Comas, 1984  +  P-p 

Tetraselmis inconspicua  Butcher, 1959  + + M-p 

CHRYSOPHYTA     

Acanthoica quattrospina  Lohmann, 1903   + M-p 

Apedinella radians  (Lohmann) Campbell, 1973 + +  M-p 

Dinobrion faculiferum (Will.) Will.** +   M-p 

D. balticum (Schütt) Lemm. +  + M-p 

Coccolithus sp. +   M-p 

Emiliania huxleyi (Lohm.) Hay et Mohler + + + M-p 

Ollicola vangoorii (Conrad) Vors** + + + M-p 

Pontosphaera nigra  (J.Schiller) J.Schiller, 1930 +   M-p 

Pontosphaera sp.I + +  M-p 

Pontosphaera sp.II +   M-p 

Prymnesium parvum  N. Carter, 1937  +  M-p 

Prymnesiophyceae gen. sp.  + + M-p 
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Species Months Ecological 
groups А J А 

Syracosphaera dentata  Lohmann, 1902  +   M-p 

S. mediterranea Lohmann, 1902   +   M-p 

DICTYOCHOPHYCEAE     

Dictyocha speculum  Ehrenberg, 1839   + + M-p 

PRASINOPHYCEAE     

Pterosperma jorgensenii  J.Schiller, 1925  +  M-p 

CYANOPHYTA     

Jaaginema kisselevii  (Anissimova) Anagnostidis & Komárek, 1988 + + + PS-p 

Glaucospira laxissima  (G.S.West) Simic, Komárek & Dordevic, 2014  +  PS-p 

EUGLENOPHYCEAE     

Eutreptia lanowii  Steuer, 1904   + M-p 

FLAGELLATA     

Diaphanoeca grandis  Ellis, 1930* +   M-p 

Flagellata sp. + + + M-p 

Flagellata sp.  +  M-p 

Paulinella ovalis (A.Wulff) P.W.Johnson, P.E.Hargraves & J.M.Sieburth, 1988  + + M-p 

Total 58 92 64  

Note: Ecological groups: M-p – marine planktonic, M-b – marine benthic, М-t – marine benthic-
planktonic, S-p – brackish-marine planktonic, PS-p – freshwater brackish-planktonic, P-p – freshwater-
planktonic, P-b – freshwater-benthic;  

* – new species for the NWPBS; ** – new species for the Black Sea, *** – rare species. 

А, J, А – April, July, August 
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ANNEX 2: BIODIVERSITY OF MICROALGAE OF PHYLLOPHORA FIELD 

 
Figure 1 – dinoflagellates: 1 – Dinophysis caudata, 2 – Dinophysis acuminata, 3 – Dinophysis norvegica, 
4 – Phalacroma rotundata, 5 – Cochlodinium helicoides, 6 – Gyrodinium fusiforme, 7 – Protoperidinium 
granii, 8 – Gyrodinium cornutum, 9 – Lingulodinium polyedrum, 10 – Diplopsalis lenticulа, 11 – 
Protoperidinium steinii, 12 – Gymnodinium wulffii, 1–12 – LМ. 
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Figure 2 – dinoflagellates: 1 – Prorocentrum micans, 2 – Prorocentrum cordatum, 3 – Heterocapsa 
triquetra, 4 – Scrippsiella trochoideа, 5 – Protoperidinium brevipes, 6 – Protoperidinium pellucidum, 7 
–  Protoperidinium crassipes, 8 – Protoperidinium divergens, 9 – Tripos furca, 10 – Akashiwo sanguinea, 
1–10 – LМ.  
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Figure 3 – dinoflagellates: 1 – Tryblionella compressa, 2 – Ceratium tripos, 3 – Gyrodinium pingue, 4 – 
Achradina pulchra; goldens: 5 – Ebria tripartita, 6 – Dictyocha speculum, 7 – Emiliania huxleyi, 8 – 
Acanthoica quattrospina, 11 – Apedinella radians, 12 – Ollicola vangoorii; cryptophytes: 9 – 
Plagioselmis prolonga, 10 – Hillea fusiformis; greens: 13 – Kirchneriella lunaris; diatoms: 14 – Paralia 
sulcata , 15 – Thalassionema nitzschioides; euglenids: 16 – Eutreptia lanowii, 1–16 – СМ.          
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II.4. Phytoplankton NPMS RF: Sochi 2017 

O. Yasakova 

Southern Scientific Center of The Russian Academy of Sciences, Rostov-on-Don 

II.4.1. Materials and methods 

The materials were presented by phytoplankton quantitative samples collected during the 

surveys in Sochi region on November 15, 2017 (11 samples). Quantitative phytoplankton 

samples with the volume 1.5 L were collected during the day time from R/V “Katran” from the 

surface layer and 25-meter horizon of the sea using a bathometer and were fixed with 

buffered formaldehyde up to the final concentration of 1-2%. Concentrations of samples were 

made by sedimentation method when bottles with samples were allowed to settle in dark and 

moderately cold place in vertical position for 2-3 weeks. After that the samples were 

concentrated by suctioning with 2 cm incurved syphon pipe covered with a piece of bolting 

cloth №77to the volume of 100-150 ml. These concentrated samples were decanted to 

narrow cylinders, settled for one week and concentrated one more time to the final volume 

of 10-50 ml (Tsiban, 1980; Sukhanova, 1983; Makarevich, Druzhkov, 1989).Sample treatment 

was carried out in stationary conditions under a light microscope LOMO “Mikmed-2” with 

magnifications of x200 and x400. Phytoplankton cells were examined in a Nageotte counting 

cell with a volume of 0.05 ml in at least three replications (Fedorov, 1979; Koltsova et al., 1979; 

Manual, 1980). 

Most of the species of micro- and nanoplankton algae of classes Chrysophyceae, 

Prymnesiophyceae, Euglenophyceae, Chlorophyceae, Cyanophyceae, Cryptophyceae and 

some "bare" representatives of Dinophyceae do not have dense cell shells; their tender cell 

membranes easily break down even under the action of weak fixatives. To include this group 

of algae, duplicate samples were taken in 0.5 liter bottles, fixed with 5% Lugol's solution, and 

the sediment method was used for concentration. To identify rare of big species of 

phytoplankton a concentrated part (1/5-1/10) was examined which was concentrate to the 

volume of 10-15 ml. Cells were measured with the help of eyepiece-micrometer, the minimal 

size of identified cells – 1-3 micron. For the colonial Сyanophyceae algae of the genus 

Oscillatoria and Planktolyngbya, a filament 100 μm in length was used as one conventional 

unit of counting. The materials from the web-site «Algae Base.org» 

(http://www.algaebase.org/search/species/) were used in phytoplankton samples 

classification. For species identification various manuals were used (Kosinskaya, 1948; 

Kisselew, 1950; Zabelin, Kisselew, Proshkina-Lavrenko et al., 1951; Gollerbakh, Kosinskaya, 

Polyanskiy, 1953; Proshkina-Lavrenko, 1955, 1963; Konovalova, 1988; Konovalova et al., 1989; 

Dodge, 1982; Thomas, 1997). 

 

 

http://www.algaebase.org/search/species/
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The phytoplankton population was calculated according to the formula: 

N = 
31

2

VV

nV




, 

where V1 – the volume of filtrated water sample, ml; V2 – the volume of concentrated sample, 

ml; V3 – the volume of counting cell, ml; n – amount of cells on counting cell.  

The biomass of algae was estimated by the volumetric method, on the assumption of the sizes 

and shapes of cells according to the most similar geometric similarity, using original and 

published data on cell volume measurements for each species (Koltsova, 1970; Senichkina, 

1978; Bryantseva et al., 2005). Considering the specific gravity of algae equal to 1, the weight 

of the cell was determined based on its volume: 

В= Вcell۰N/100000, 

where B is the biomass of phytoplankton, mg/m3; Вcell - cell biomass, pg. 

To assess the similarity of taxonomic composition of microalgal communities in the 

investigated area of the Black Sea the ratio of Serencen-Chekanovski, Dice etc. was used 

(Schmidt, 1984; Clarke, Warwick, 1994).: 
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where A, B is the total number of species recorded in the compared samples; C is the number 

of species common to two compared samples. 

Qualitative characteristics of Phytoplankton in Sochi Region, the Black Sea  

In the investigated area of Sochi Region, 58 species and several not identified to species 

category representatives of plankton algae belonging to 9 classes were detected: 

Bacillariophyceae (diatoms), Dinophyceae, Prymnesiophyceae, Coccolithophyceae, 

Cryptophyceae, Dictyochophyceae, Prasinophyceae, Cyanophyceae, Ebriophyceae (Figure 

II.4.1, Table 1, APPENDIX to this chapter). The maximum species diversity was distinguished 

by Dinophyceae (26 species) and Bacillariophyceae (23 species), other classes of algae were 

represented by a small amount (1-3 species). 

The index of similarity of the taxonomic composition of phytoplankton, found in the 

investigated Black Sea area in the autumn period of 2016 and 2017, was 67%. 

 
a)    b) 

Figure II.4.1. The number of species observed within the dominant classes of 
phytoplankton in the investigated Sochi region a) in 2016; b) in 2017 
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Quantitative characteristics of Phytoplankton in Sochi Region, the Black Sea 

The average abundance and biomass of phytoplankton in the Sochi area in November 2017 

were 264 thousand cells / liter and 102.07 mg/m3 (Tables 2 and 3, APPENDIX to this chapter); 

which is 5 and 1.5 times higher than the quantitative values noted in this area of the sea in 

November 2016 (52 thousand cells/liter and 60 mg/m3), respectively. The maximum 

abundance (552 and 368 thousand cells/liter) of plankton algae was noticed at St. No. 2 – 1 m 

and at St. No. 6-25 m, at other stations these values varied within from 148 to 297 thousand 

cells/liter. The maximum values of biomass (159.13, 143.76 and 144.56 mg/m3) were noted at 

St. No. 2 – 1 m, St. No. 5 – 1 m and St. No. 8 – 25 m, respectively. At other stations, these 

values varied from 44.07 to 122.51 mg/m3. 

On the entire investigated areaas last year dominated Prymnesiophyceae (nanoplankton 

specie Emiliania huxleyi), which in general formed 82% of total abundance and 38% of 

phytoplankton biomass (Fig. II.4.2). A longer time of development of Emiliania huxleyi is 

noticed from the beginning of the end of last century in the Black sea (Sukhanova, 1995). 

During the last years the abundance of E. huxleyi in open sea reaches the level of algae bloom 

and the tendency of rising was noticed, which is confirmed by satellite observations (Cokacar 

et al., 2001; Burenkov et al., 2006; Yasakova, Stanichniy, 2012).This phenomenon is associated 

with a decrease of the eutrophication level in the Black Sea waters, climatic features of recent 

years (anomalously hot summer - early autumn), an increase in the temperature of the upper 

mixed layer (Mikaelyan et al., 2011, 2013). In connection with the ability of Prymnesiophyceae 

to regulate the level of CO2 in the atmosphere and, as a consequence, to influence on the 

temperature regime and climatic conditions of our planet, studies of the dynamics of 

development of E. huxleyi in the current period acquire special value. 

 

а)                                                              b) 

Figure II.4.2. Contribution of taxonomic classes in a) abundance, and b) biomass of 
phytoplankton in the investigated area in Sochi Region in November 2017. 

In subdominant level vegetated Bacillariophyceae  and  Cryptophyceae, which showed 7 and 

10% of the total abundance. The basic biomass (38 and 20%) of phytoplankton formed 

Bacillariophyceae and Dinophyceae, while the contribution of Dinophyceae did not exceed 1% 

of the total abundance. Cryptophyceae algae were represented by three species: Plagioselmis 

pelagica, Plagioselmis prolonga and Hillea fusiformis. Abundant development among 

planktonic diatoms in the whole region of the investigated area has received the following 

small-sized species: Skeletonema costatum, Thalassionema nitzschioides, Leptocylindrus 
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danicus, Nitzschia tenuirostris, Chaetoceros affinis and Chaetoceros compressus; in the sum 

they formed 89% of the class abundance. Such large species as Proboscia alata, and 

Pseudosolenia calcar-avis formed 25 and 35% of the class biomass. The contribution of 

Cerataulina pelagica, Chaetoceros affinis, Dactyliosolen fragilissimus, Thalassionema 

nitzschioides formed about 27% of biomass of diatoms. As last year, the Thalassionema 

nitzschioides was observed at all stations with a population of 1.14 to 6.48 cells/liter. It should 

be specified that in 2017 there were no benthic-plankton species of diatoms in phytoplankton 

composition (Amphora spp., and cf Diatoma vulgaris), which dominated in 2016, amounting 

up to 46% of the abundance and 50% of the biomass of all diatoms. 

The main species of Dinophyceae were Prorocentrum micans, Prorocentrum cordatum and 

Gymnodinium elongatum (in sum 60% of the class abundance). At the same time 

Prorocentrum micans formed 44% of the biomass of Dinophyceae. In considerable amount 

were developed also Gyrodinium spirale, Scrippsiella trochoidea, Torodinium robustum, 

Prorocentrum compressum, representatives of the genera Gymnodinium and Heterocapsa; in 

the sum they formed up to 30% of the class abundance. About 40% of the biomass of 

Dinophyceae formed such large species as Ceratium fusus, Ceratium furca, Ceratium tripos, 

Polykrikos kofoidii, Protoperidinium divergens, and smaller, dominated in abundance species: 

Prorocentrum compressum, Dinophysis rotundata, Gyrodinium spirale. 

II.4.2. Conclusions 

1) The species diversity (58 species) of plankton algae in the investigated area of Sochi 
Region in November 2017 was as large as in the late autumn period of 2016. The 
maximum number of species was noted among Bacillariophyceae and Dinophyceae. 

2) The average abundance and biomass of phytoplankton in 2017 (264 thousand cells/l 
and 102.07 mg/m3) exceeded the quantitative values noted in this sea area in 2016 by 
5 and 1.5 times. 

3) The nanoplankton species of Prymnesiophyceae Emeliania huxleyi was dominated, 
amounting 82% of the total abundance and 38% of the biomass of phytoplankton. 

4) At the subdominant level, Bacillariophyceae  and  Cryptophyceae  vegetated, 
amounting 7 and 10% of the total abundance. 

5) Bacillariophyceae and Dinophyceae formed the basis of the biomass of phytoplankton 
(38 and 20%). 
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Appendix 

Таблица 1. Таксономический состав фитопланктона  в  исследуемой акватории 

Большого Сочи в ноябре 2016 г. и ноябре 2017 г. 

Latin name / район исследования 2016 2017 

   
Bacillariophyceae:   
Amphora hyalina Kützing − + 

Amphora sp. + − 

Asterionella formosa Hassall  + − 

Cerataulina pelagica (Cleve) Hendey   − + 

Chaetoceros affinis Lauder   + − 

Chaetoceros compressus Lauder   + + 

Chaetoceros danicus Cleve − + 

Chaetoceros diversus Cleve   + + 

Chaetoceros insignis Proshkina-Lavrenko − + 

Chaetoceros lorenzianus Grunow − + 

Chaetoceros peruvianus Brightwell   + + 

Chaetoceros scabrosus Prosckina-Lavrenko  + + 

Chaetoceros spp.   + + 

Coscinodiscus subtilis Ehrenberg − + 

Cocconeis sp. + − 

Cyclotella sp. + − 

Dactyliosolen fragilissimus (Bergon) Hasle in Hasle   + + 

cf Diatoma vulgaris Bory   + − 

Diatoma sp. + − 

Gyrosigma sp. + − 

Leptocylindrus danicus Cleve  − + 

Licmophora ehrenbergii (Kützing) Grunow   + − 

Licmophora sp. + − 

Hemiaulus hauckii Grunow ex Van Heurck − + 

Nitzschia sigmoidea (Nitzsch) W.Smith  + − 

Nitzschia tenuirostris Mereschkowsky   + + 

Odontella chinensis (Greville) Grunow   + − 

Pleurosigma elongatum W.Smith  + + 

Proboscia alata (Brightwell) Sundström   + + 

Pseudosolenia calcar-avis (Schultze) B.G.Sundström   + + 

Pseudo-nitzschia delicatissima (Cleve) Heiden in Heiden   + − 

Pseudo-nitzschia pseudodelicatissima (Hasle) Hasle   + + 

Pseudo-nitzschia seriata (Cleve) H.Peragallo − + 

Pseudonitzschia sp. + − 

Striatella unipunctata (Lyngbye) C.Agardh   + + 

Skeletonema costatum (Greville) Cleve   + − 

Thalassionema nitzschioides (Grunow) Mereschkowsky   + + 
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Latin name / район исследования 2016 2017 

Dinophyceae:    
Akashiwo sanguinea (K.Hirasaka) G.Hansen (= Gymnodinium 

sanguineum K.Hirasaka 1922) − + 

Amphidinium sp. + + 

Ceratium tripos (O.F.Müller) Nitzsch  − + 

Ceratium fusus (Ehrenberg) Dujardin   + + 

Ceratium furca (Ehrenberg) Vanhoeffen   + + 

Dinophysis aff nasutum Loeblich   + − 

Dinophysis acuta Ehrenberg   + − 

Dinophysis caudata Saville-Kent   + + 

Dinophysis rotundata Claparède & Lachmann   + + 

Diplopsalis lenticula Bergh   + + 

Dinophyta sp. + − 

cf. Ensiculifera carinata Matsuoka, Kobayashi & Gains   + − 

Goniodoma polyedricum (Pouchet) Jørgensen   + − 

Gonyaulax digitalis (Pouchet) Kofoid   + + 

Gonyaulax polygramma Stein   + − 

Gonyaulax spinifera (Claparède & Lachmann) Diesing   + + 

Gonyaulax sp.   + + 

Gymnodinium agiliforme Schiller − + 

Gymnodinium elongatum Hope  − + 

Gymnodinium simplex (Lohmann) Kofoid & Swezy  − + 

Gymnodinium spp.  + + 

Gyrodinium sp.   + − 

Gyrodinium fusiforme Kofoid & Swezy   + − 

Gyrodinium spirale (Bergh) Kofoid & Swezy   + + 

Heterocapsa sp. + + 

Katodinium glaucum (Lebour) Fott   + − 

Heterocapsa triquetra (Ehrenberg) Stein − + 

Heterocapsa rotundata (Lohmann) G.Hansen (= Katodinium 

rotundatum (Lohmann) Loeblich III 1965) + − 

Oblea rotunda (Lebour) Balech ex Sournia   + − 

Polykrikos kofoidii Chatton  + + 

Prorocentrum cordatum (Ostenfeld) J.D.Dodge   + + 

Prorocentrum compressum (J.W.Bailey) Abé ex J.D.Dodge  + + 

Prorocentrum micans Ehrenberg   + + 

Prorocentrum minimum (Pavillard) J.Schiller  + − 

Prorocentrum sp. + − 

Protoperidinium brevipes (Paulsen) Balech  + − 

Protoperidinium conicum (Gran) Balech  + + 

Protoperidinium crassipes (Kofoid) Balech   + + 

Protoperidinium divergens (Ehrenberg) Balech  + + 

Protoperidinium aff ovatum Pouchet − + 

Protoperidinium pallidum (Ostenfeld) Balech  + − 
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Latin name / район исследования 2016 2017 

Protoperidinium steinii (Jørgensen) Balech  + + 

Protoperidinium spp. + + 

Protoceratium reticulatum (Claparède & Lachmann) Bütschli   + + 

Scrippsiella trochoidea (Stein) Loeblich III   + + 

Torodinium robustum Kofoid & Swezy   + + 

spora Dinophyta  + − 

Coccolithophyceae:   
Acanthoica acanthos Schiller − + 

Prymnesiophyceae:   
Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler in 

W.W.Hay  + + 

Dictyochophyceae:   
Dictyocha speculum Ehrenberg   + + 

Octactis octonaria (Ehrenberg) Hovasse   + + 

Ebriophyceae:   
Hermesinum adriaticum Zacharias   + + 

Ebria tripartita (J.Schumann) Lemmermann  + − 

Cyanophyceae:   
Anabaena spp.   + + 

Oscillatoria sp. + − 

Cryptophyceae:   
Hillea fusiformis (J.Schiller) J.Schiller − + 

Plagioselmis prolonga Butcher ex G.Novarino, I.A.N.Lucas, 

& S.Morrall   + + 

Plagioselmis punctata Butcher   + + 

Prasinophyceae:   
Pterosperma undulatum Ostenfeld − + 

cf Pterosperma sp. + − 

 

Примечание. Вид: «+» – обнаружен, «–» – отсутствует. 
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Таблица 2. Распределение численности (кл/л) между классами фитопланктона в исследуемой акватории Сочи, Черное море 
15.11.2017(NPMS). 

Latin name / станции St. 1-1m St. 2-1m St. 3-1m St. 4-1m St. 5-1m St. 6-1m St. 7-1m St. 8-1m St. 3-25m St. 6-25m St. 8-25m Среднее 
% от 

общего 

                            

Bacillariophyceae 27540 31254 21980 13176 16308 23863 10660 9600 4910 31392 12508 18472 7,47 

Dinophyceae 90 1296 1424 504 4290 2931 2770 4542 1602 3792 8144 2853 1,15 

Coccolithophyceae         403   230         58 0,02 

Dictyochophyceae        12 12     24 40 24 30 13 0,01 

Prymnesiophyceae 116000 301200 105813 271989 124832 191362 136000 273600 163176 285714 226133 199620 80,76 

Ebriophyceae     16     20   48 30 48   15 0,01 

Cyanophyceae       84               8 0,00 

Cryptophyceae 9600 25920 19200 12000 33120 32824 36800   40480 46800 29000 25977 10,51 

Prasinophyceae               960 60 900 24 177 0,07 

Всего: 153230 359670 148433 297765 178965 250999 186460 288774 210297 368670 275839 247191 100,00 

 
Таблица 3. Распределение биомассы (мг/м3) между классами фитопланктона в исследуемой акватории Сочи, Черное море 
15.11.2017(NPMS). 

Latin name / станции St. 1-1m St. 2-1m St. 3-1m St. 4-1m St. 5-1m St. 6-1m St. 7-1m St. 8-1m St. 3-25m St. 6-25m St. 8-25m Среднее 
% от 

общего 

                            

Bacillariophyceae 28,58 58,18 69,80 66,19 74,44 27,95 15,79 18,50 10,40 22,04 37,43 39,03 37,96 

Dinophyceae 0,65 6,89 18,05 6,19 40,63 33,52 26,64 29,94 5,24 9,55 43,56 20,08 20,30 

Coccolithophyceae         2,913   2,642         0,51 0,49 

Dictyochophyceae       0,09 0,05     0,28 0,22 0,17 0,25 0,10 0,09 

Prymnesiophyceae 13,11  55,13 18,99 48,82 22,41 27,50 24,41 49,11 29,29 51,29 60,59 36,42 35,42 

Ebriophyceae     0,13     0,17   0,42 0,26 0,42   0,13 0,13 
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Latin name / станции St. 1-1m St. 2-1m St. 3-1m St. 4-1m St. 5-1m St. 6-1m St. 7-1m St. 8-1m St. 3-25m St. 6-25m St. 8-25m Среднее 
% от 

общего 

Cyanophyceae       0,009               0,00 0,00 

Cryptophyceae 1,73 4,32 2,22 1,21 3,32 3,35 2,49 0,00 1,87 2,77 2,63 2,36 2,29 

Prasinophyceae               1,90 0,09 1,29 0,10 0,31 0,30 

Всего: 44,07 124,52 109,21 122,51 143,76 92,50 71,98 100,15 47,38 87,54 144,56 98,92 100,00 

 
 
Таблица 2. Распределение численности (кл/л) фитопланктона в исследуемой акватории Сочи, Черное море 15.11.2017 (NPMS). 

Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

                        

Amphora hyalina 20                     

Cerataulina pelagica 140     60 920 49           

Chaetoceros affinis   8640         350     5400 174 

Chaetoceros compressus 760 372   1050 156 392   1760   312   

Chaetoceros danicus   12 300   36 59 240 480 100 42   

Chaetoceros diversus       72               

Chaetoceros  insignis           235           

Chaetoceros lorenzianus               1120       

Chaetoceros peruvianus 90 132 80 42 36 1853 140     120 24 

Chaetoceros scabrosus   120                   

Chaetoceros sp.       2400                 

Coscinodiscus subtilis                 10     

Dactyliosolen fragillissimus 320 60   750           72   

Hemiaulus hauckii   24       1059     140 72   

Leptocylindrus danicus 3360 3240 2250 3600 1610 3971 2300         
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Nitzschia tenuirostris 1680 4050 2550 1800 1840   1380   1760 12150   

Proboscia alata 190 48 1350 1380 126 20 460 880 70 12 518 

Pseudosolenia calcar-avis 270 618 150 72 18 78 20 160 50 54 1512 

Pleurosigma elongatum 50 12         20   100 108 30 

Pseudonitzschia seriata f. seriata 2400 66 3150 2250 66 3441       2700   

Pseudonitzschia 
pseudodelicatissima 960 3600 3600     2118       2250 1750 

Skeletonema costatum 13440 3780     6900 6618 2760 640 1540 5400 3000 

Striatella unipunctata 20                     

Thalassionema nitzschioides 3840 6480 6150 2100 4600 3971 2990 4560 1140 2700 5500 

Bacillariophyceae: 27540 31254 21980 13176 16308 23863 10660 9600 4910 31392 12508 

Akashiwo sanguinea                160       

Alexandrium sp.                     12 

Ceratium furca   12 32 24 12 39 30 36 30   24 

Ceratium fusus   54   12 12 20 50 12 20 54 48 

Ceratium tripos     8                 

Dinophysis caudata             20     12   

Dinophysis rotundata     40 18 12 29   54   42   

Diplopsalis lenticula f lenticula   12     6             

Gonyaulax digitale         6           6 

Gonyaulax spinifera             20         

Gonyaulax sp.     18       20   12       

Gymnodinium agiliforme        300             500 

Gymnodinium elongatum                 622 2700 750 

Gymnodinium simplex           529   560 660     

Gymnodinium spp.                       750 
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Gyrodinium spirale   18 300   1380 118           

Heterocapsa triquetra               160       

Heterocapsa sp.                960     500 

Prorocentrum compressum   36           48 40   1750 

Prorocentrum cordata   1080 600             900 1000 

Prorocentrum micans 70 48 120 84 2760 2118 1380 2080 160 66 2750 

Protoperidinium conicum   12       10 20         

Protoperidinium crassipes                   6   

Protoperidinium divergens   6 8 6 30 20 40 12     6 

Protoperidinium aff ovatum             10         

Protoperidinium steinii     16   6   20 36   12 12 

Protoperidinium spp. 20     12 6   10         

Protoceratium reticulatum       12     20 12 40   12 

Polykrikos cofoidii         12 29           

Scrippsiella trochoidea       36 36   690 400     24 

Torodinium robustum     300   12   460   30     

Dinophyceae:  90 1296 1424 504 4290 2931 2770 4542 1602 3792 8144 

Acanthoica acanthos           403   230         

Coccolithophyceae:         403   230         

Octactis octonaria        12 12     24 40   30 

Dictyocha speculum          0         24   

Dictyochophyceae: 0 0 0 12 12 0 0 24 40 24 30 

Emiliania huxleyi 116000 301200 105813 271989 124832 191362 136000 273600 163176 285714 226133 

Prymnesiophyceae: 116000 301200 105813 271989 124832 191362 136000 273600 163176 285714 226133 

Hermesinum adriaticum       16     20   48 30 48   
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Ebriophyceae:     16     20   48 30 48   

Anabaena  sp.       84               

Cyanophyceae:       84               

Hillea fusiformis         11040   22080   21120 10800 9000 

Plagioselmis pelagica 1920 4320 2400 2400 5520 2118     19360   4000 

Plagioselmis prolonga   7680 21600 16800 9600 16560 30706 14720     36000 16000 

Cryptophyceae: 9600 25920 19200 12000 33120 32824 36800 0 40480 46800 29000 

Pterosperma undulatum               960 60 900 24 

Prasinophyceae:               960 60 900 24 

Всего: 153230 359670 148433 297765 178965 250999 186460 288774 210297 368670 275839 

 
Таблица 3. Распределение биомассы (мг/м3)  фитопланктона в исследуемой акватории Сочи, Черное море 15.11.2017 (NPMS). 

Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

                        

Amphora hyalina 0,30                     

Cerataulina pelagica 0,44     0,41 52,00 1,23           

Chaetoceros affinis   13,02         0,46     5,09 0,16 

Chaetoceros compressus 0,70 0,28   0,79 0,17 0,30   1,16   1,25   

Chaetoceros danicus   0,02 0,45   0,12 0,06 0,23 0,14 0,21 0,13   

Chaetoceros diversus       0,07               

Chaetoceros  insignis           0,11           

Chaetoceros lorenzianus               1,97       

Chaetoceros peruvianus 0,27 0,28 0,22 0,13 0,07 4,07 0,30     0,51 0,07 

Chaetoceros scabrosus   0,34                   

Chaetoceros sp.       1,81                 

Coscinodiscus subtilis                 0,47     
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Dactyliosolen fragillissimus 3,91 0,72   12,06           0,87   

Hemiaulus hauckii   0,45       5,98     0,99 0,69   

Leptocylindrus danicus 0,95 0,92 0,64 1,02 0,81 1,12 0,65         

Nitzschia tenuirostris 0,01 0,03 0,02 0,02 0,02   0,01   0,01 0,10   

Proboscia alata 4,98 1,98 39,93 26,73 2,58 0,35 9,24 9,34 0,99 0,95 11,85 

Pseudosolenia calcar-avis 8,75 34,77 20,20 22,37 14,95 10,31 2,32 3,39 6,59 8,06 21,17 

Pleurosigma elongatum 0,31 0,07         0,11   0,39 0,53 0,18 

Pseudonitzschia seriata f. seriata 1,64 0,04 1,80 1,28 0,06 1,57       1,30   

Pseudonitzschia 
pseudodelicatissima 0,22 1,05 0,84     0,48       0,21 0,40 

Skeletonema costatum 1,90 0,28     0,35 0,28 0,62 0,05 0,05 0,41 0,13 

Striatella unipunctata 2,01                     

Thalassionema nitzschioides 2,18 3,93 3,90 1,32 3,31 2,08 1,84 2,46 0,69 1,94 3,47 

Bacillariophyceae: 28,58 58,18 69,80 66,19 74,44 27,95 15,79 18,50 10,40 22,04 37,43 

Akashiwo sanguinea                2,01       

Alexandrium sp.                     0,36 

Ceratium furca   0,52 1,40 1,05 0,52 1,75 1,31 1,57 1,31   1,05 

Ceratium fusus   1,92   0,48 0,63 1,03 1,77 0,46 0,61 2,03 1,39 

Ceratium tripos     9,16                 

Dinophysis caudata             1,13     0,68   

Dinophysis rotundata     1,00 0,45 0,30 0,67   1,57   1,31   

Diplopsalis lenticula f lenticula   0,40     0,20             

Gonyaulax digitale         0,22           0,22 

Gonyaulax spinifera             0,31         

Gonyaulax sp.     0,45       0,49   0,23       

Gymnodinium agiliforme        0,60             0,85 

Gymnodinium elongatum                 0,25 1,09 0,30 
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Gymnodinium simplex           0,07   0,08 0,09     

Gymnodinium spp.                       0,19 

Gyrodinium spirale   0,25 2,46   8,74 1,25           

Heterocapsa triquetra               0,38       

Heterocapsa sp.                1,16     0,60 

Prorocentrum compressum   0,27           0,36 0,30   13,19 

Prorocentrum cordata   0,76 0,42             0,63 0,70 

Prorocentrum micans 0,58 0,40 1,00 0,70 23,05 17,69 11,53 17,37 1,34 0,55 22,97 

Protoperidinium conicum   0,80       0,22 0,44         

Protoperidinium crassipes                   3,11   

Protoperidinium divergens   1,11 1,48 1,26 3,98 3,38 4,94 2,07     1,03 

Protoperidinium aff ovatum             0,60         

Protoperidinium steinii     0,25   0,13   0,43 0,90   0,15 0,26 

Protoperidinium spp. 0,07     1,12 0,18   0,24         

Protoceratium reticulatum       0,36     0,44 0,36 1,21   0,36 

Polykrikos cofoidii         2,47 6,98           

Scrippsiella trochoidea       0,17 0,17   1,66 1,42     0,08 

Torodinium robustum     0,88   0,05   1,85   0,14     

Dinophyceae:  0,65 6,89 18,05 6,19 40,63 33,52 26,64 29,94 5,24 9,55 43,56 

Acanthoica acanthos           2,913   2,642         

Coccolithophyceae:         2,913   2,642         

Octactis octonaria        0,09 0,05     0,28 0,22   0,25 

Dictyocha speculum          0         0,17   

Dictyochophyceae: 0,00 0,00 0,00 0,09 0,05 0,00 0,00 0,28 0,22 0,17 0,25 

Emiliania huxleyi 13,113 55,128 18,994 48,823 22,408 27,503 24,412 49,112 29,291 51,287 60,592 

Prymnesiophyceae: 13,113 55,128 18,994 48,823 22,408 27,503 24,412 49,112 29,291 51,287 60,592 
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Latin name/ № станции st. 1-1m st. 2-1m st. 3-1m st. 4-1m st. 5-1m st. 6-1m st. 7-1m st. 8-1m st. 3-25m st. 6-25m st. 8-25m 

Hermesinum adriaticum 
Zacharias      0,13     0,17   0,42 0,26 0,42   

Ebriophyceae:     0,13     0,17   0,42 0,26 0,42   

Anabaena  sp.       0,009               

Cyanophyceae:       0,009               

Hillea fusiformis         0,55   1,88   0,45 0,54 0,82 

Plagioselmis pelagica 0,64 1,27 0,80 0,80 1,62 0,80     1,42   0,88 

Plagioselmis prolonga   1,09 3,05 1,42 0,40 1,15 2,55 0,62     2,22 0,93 

Cryptophyceae: 1,73 4,32 2,22 1,21 3,32 3,35 2,49 0,00 1,87 2,77 2,63 

Pterosperma undulatum               1,90 0,09 1,29 0,10 

Prasinophyceae:               1,90 0,09 1,29 0,10 

Всего: 44,07 124,52 109,21 122,51 143,76 92,50 71,98 100,15 47,38 87,54 144,56 
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II.5. Zooplankton  

II.5.1. Introduction 

Zooplankton plays a pivotal role in aquatic ecosystems and global biogeochemical cycles, 

integral to aquatic productivity. The impact on zooplankton is diverse and largely depends on 

climatic signals with concurrent changes in the phytoplankton, physico-chemical conditions of 

the environment as a result of eutrophication and the introduction of alien species. Their 

population and community dynamics, including their growth, mortality, distribution, and 

diversity structure the ecosystem. Despite their fundamental role zooplankton assemblages 

have not been widely used as indicator of ecosystem condition (Stemberger, Lazorchak, 1994) 

and are not included as a relevant quality element for the assessment of ecological status 

within the WFD. Investigations in the framework of the MISIS project were among of the first 

attempts to assess feasibility of using zooplankton as an indicator of the Black Sea water 

quality (Moncheva, Boicenco, 2014). Harmonised Data Collection Template for collection of 

zooplankton data was used for data collection. 

II.5.2. Microzooplankton 

Alexander Kurilov 
Institute of Marine Biology, National Academy of Sciences of Ukraine 

 Materials and methods 

Study area and sample collection 

Processing of microzooplankton samples was carried out according to the protocols (Kurilov, 

Gavrilova, 2015; Gifford, Caron, 2000). In comparison to 2016, sampling grid has been 

changed. In the NWBS samples were taken within Zernov Phyllophora Field in April, July and 

August (stations 4F, 9F, 10F and 11F). In total, 28 samples were collected: 16 in April and July 

(surface and bottom layers) and 12 in August (surface, picnocline and bottom layers). Also, in 

August were performed 7 coastal stations (1w – 7w, water surface). During the JOSS UA-GE 

cruise in 2017 (August – September) number of stations has been reduced to 12 vs. 25 in 2016. 

However at these sites samples were collected not only in surface layer, but also in picnocline 

(deep-water stations 4 – 12) and bottom (only shallow stations 1 – 3). 

Sample preparation, preservation and storage 

Bouin’s fixed water samples (sample volume was 930 – 985 cm3) after delivery to the 

laboratory were concentrated by settling up to volume 5 cm3.   

Laboratory analysis 

Enumeration organisms occurred in a 0.1 cm3 aliquots of concentrated samples, under the 

compound microscope (bright field) at magnification of 200× – 600×, with simultaneous 

identification and measurements of organisms. The calculation of the biomass carried by 

volumetric-gravimetric method, as equating the body shape to the geometric figures, or 
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combinations thereof, followed by recalculation in mg wet weight (density of organisms was 

equal to 1). Abundance (106 ind.) and biomass (mg) of microzooplankton recalculated per 1 

m3. 

 Potential zooplankton indicators 

There are many features that characterize microzooplankton community, such as the 

abundance, biomass, species richness and diversity, size and trophic structure etc.  For 

example, appropriate patterns of ciliatoplankton (as the lead group in microzooplankton) 

were obtained for the NWBS coastal waters and estuaries (Kurilov, 2010, 2011).  It has been 

shown (Kurilov, 2011) that abundance, biomass and related parameters (species diversity, 

richness) are the least informative in water quality assessing whereas regularities of trophic 

structure formation are require further study to be used in WQ assessments. 

Table II.5.1: Normative value of zooplankton metrics (characteristics) for different kind of 
marine water quality in shelf area.  

Characteristics (mesozooplankton metrics) Numerical value Water quality 

MSFD variant (two-point evaluation system) 

Total mesozooplankton biomass (mg·m-3) 280-550 GES 

< 280 LES 

Copepods biomass (% to total mesozooplankton) > 42 GES 

≤ 42 LES 

Noctiluca biomass (% to total mesozooplankton) < 30 GES 

≥ 30 LES 

Shannon-Weaver index (bit·ind-1) ≥ 3 (2,5)* GES 

< 3 (2,5)* LES 

WFD variant (five-point rating system) 

 

 

Total mesozooplankton biomass, mg·m-3 ** 

> 300 High 

300-150 Good 

150-70 Medium 

70-10 Poor 

< 10 Bad 

Note: GES – Good Environment Status; LES – Low Environment Status 
* Significance of index for open sea areas in brackets 
** For spring period (Moncheva, Boicenco, 2014) 

The most promising among other characteristics of the microzooplankton community to 

evaluate the WQA on WFD criteria can be considered relationship abundance accumulation 

to the accumulation of biomass decay domination of species in the sample (ABC-method).  

This method was developed by Warwick et al.  (1987) for indicating changes in the structure 

of macrofauna community, but received widespread distribution to analyze other 

communities of hydrobionts, including ciliates (Mazei, et al., 2002).  It is known that the 

biomass as conservative media information slower reacts to the environment changes, than 

abundance.  Stable mature communities usually dominated by relatively large species with 

slow dynamics (K-strategists), whereas in disturbed communities in unstable environment 

dominated by generally smaller form with a high rate of reproduction, with capacity for 

colonization, with high but volatile abundance (r-strategists). 

R. Margalef (1982) has shown that it is possible belonging small 'naked' species of ciliates to 
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r-strategists, while the K-strategists among planktonic ciliates are larger species, mainly 

loricated (tintinnids), with a longer life cycle (as well as small meazoans when considering 

microzooplankton as a whole).  

In numerical terms (as index) method was proposed by P. Meire and J. Dereu (1990): 


=

−
=

1i

ii

S

NB
ABC , 

where Bi and Ni are per cents of accumulation abundance and biomass of the i-order species, 
S is a number of species in the sample. In this case index is reflecting correlation of size groups, 
which is convenient for comparative analysis. The averaged ABC indexes can serve for 
estimation of community position in r – K continuum that gives an opportunity to get an idea 
about changeability of its state in space and time.  

Positive index values correspond to the undisturbed, while negative to impaired communities. 
This indicator is unscaled and changes from -∞ to +∞, that making it difficult to use in the 
form of discrete units (points), as recommended by the WFD. More informative proposed 
Warwick index W: 

𝑊 =∑
𝐵𝑖 −𝑁𝑖
50(𝑆 − 1)

𝑆

𝑖=1

 

Where Bi and Ni are percents of accumulation abundance and biomass of the i-order species, 
S is a number of species in the sample. W takes values in the range (-1;+1), with W→+1 for 
even abundance across species but biomass dominated by a single species, and W→-1 in the 
converse case (though neither limit is likely to be attained in practice) (Clarke, Warwick, 1994). 

The corresponding values extrapolated taking into account WFD requirements are as follows 
(Table II.5.2): 

Table II.5.2 Distribution of W-index according to WFD 

WQ W-index 

High ≥0.6 – 1 

Good ≥0.2 – 0.6 

Moderate ≥-0.2 – <0.2 

Poor <-0.2 – ≥-0.6 

Bad <-0.6 – ≥-1 
 

 Zooplankton abundance and biomass distribution - 
Microzooplankton 

Microzooplankton in the studied areas was presented ciliates, rotifers and metazoan larvae 
and eggs.  

II.5.2.3.1. Zernov’ Phyllophora Field (ZPF) 

Abundance of microzooplankton in surface ranged from 0.7 ∙ 106 (April, St. No. 9F) up to 7.5 

ind. ∙ m-3 (July, St. No. 11F). In bottom-layer samples abundance, in all cases were lover and 

ranged from 0.15 (August, St. No. 9F) up to 1.45 ∙ 106 ind. ∙ m-3 (July, St. No. 9F). Abundance in 
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picnocline layer in August ranged from 0.71 (St. No. 4F and 9F) up to 2.13 ∙ 106 ind. ∙ m-3 (St. 

No. 11). (Fig. II.5.1 and Fig. II.5.2) 

 
Figure II.5.1 Abundance (A) and biomass (B) of micozooplankton  

in Zernov Phyllophora Field in 2017 
The highest values of biomass 349.2 – 394.6 mg · m-3 were registered in surface layer in April 

(St. No. 10F – 11F), that correspond to usual for NWBS spring bloom of ciliatoplankton (Kurilov, 

2010). In all stations, except St. No. 9F, biomass of microzooplankton in surface decreased 

from April to AuguSt. No. In bottom layer biomass values were much more less, than in surface 
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and ranged from 2.19 (St. No. 9F, August) up to 51.76 mg · m-3 (St. No. 11F, April). In picnocline 

layer maximal biomass was registered on St. No. 11F (56.10 mg · m-3) whereas minimal in St. 

No. 9F (10.97 mg · m-3). 

In comparison to 2016 abundance values in 2017 were the same or similar to ones (except St. 

No. 11F, July), whereas biomass was sometimes in several times much more, except St. No. 

4F (Table II.5.3) 

Table II.5.3 Abundance and biomass of microzooplankton in Zernov Phyllophora Field 
surface-layer stations in 2016 – 2017. 

Parameter Year Month 4F 9F 10F 11F 

Abundance 

2016 VI 3,513511 0,702702 1,513513 0,972972 

2017 

IV 3,65591398 0,75268817 3,17204301 1,451613 

VII 2,74193548 6,23655914 2,31182796 7,473118 

VIII 3,55329949 2,89340101 1,72588832 2,538071 

Biomass 

2016 VI 127,472296 60,980799 10,950699 43,05446 

2017 

IV 106,001806 120,047019 394,617625 349,2219 

VII 88,0049743 217,107219 67,65028 292,1123 

VIII 71,0454233 72,5754995 40,6039004 66,98216 

 

II.5.2.3.2. NPMS UA coastal stations 

The lowest values of abundance and biomass were registered on stations 2w – 4w and ranged 
from 0.51 (4w) up to 3.51 (2w) ind. m-3 and 42.51 (3w) up to 108.46 (2w) mg m-3 (see Fig II.5.2, 
Fig II.5.3). However, these minimal values were comparable to average ones in Zernov’s 
Phyllophora Field. 

 

 
 

Fig. II.5.2 Distribution of abundance and biomass of microzooplankton on NPMS UA and 
ZPF stations in 2017 
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Fig. II.5.3 Microzooplankton abundance and biomass distribution in coastal NWBS stations 

(NPMS UA) in August 2017. 

II.5.2.3.3. JOSS UA-GE 

Distribution of abundance and biomass of microzooplankton is shown in Fig. II.5.4 – 6. 
Statistical analyze of differences between surface and picnocline layers using non-parametric 
test (one-way ANOSIM) shows that there are no differences (R = 0.045, p = 0.157). The same 
data was obtained for biomass (R = 0.065, p = 0.111). However in some cases differences are 
obvious: abundance in surface layer on St. No. 8 about in 5 times more than in picnocline, 
while biomass on St. No. 9 was higher more than in 10 times. 
 

 
Figure II.5.4 Abundance and biomass of microzooplankton  

(JOSS-UA-GE) in August-September 2017 
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Figure II.5.5 Abundance and biomass distribution of microzooplankton in surface layer 

(JOSS-UA-GE) in August-September 2017. 
 

 

 
 
Figure II.5.6 Abundance and biomass distribution of microzooplankton in picnocline layer 

(JOSS-UA-GE) in August-September 2017. 
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Also, no links were found between changes of abundance and biomass both for surface and 
picnocline: Spearman correlation (ρ) between similarity matrices (Bray-Curtis similarity) was 
0.025 (p=0.451) for abundance and -0.143 (p=0.74) for biomass. Thus, communities in surface 
and in picnocline function independently of each other. 

 Species diversity and taxonomic structure - Microzooplankton 

Totally, 73 taxa (64 in 2016) of microzooplankton registered (56 – Ciliophora, 1 - Heliozoa and 

16 – rotifers and larvaton) (see Annex 5 to this Report). One species (formerly Nolaclusilis sp.) 

was redescribed as Dartintinnus alderae n. g. n. sp. (Smith et al, 2018). The species list has 

been enriched in 2017 due to wider seasonal sampling as well as including to the sampling 

picnocline water layer and coastal shallow water sites.  

The majority of taxa (63) registered in the Ukrainian part (50 in 2016): Zernov’s Phyllophora 

Field – 51, coastal stations – 36, while in the open sea pointed 39 taxa. The similarity of the 

species composition calculated by Sorensen index was similar: 55.17% for pair ZPF – NPMS 

UA, 55.56% for ZPF – JOSS and 61.33% for JOSS – NPMS UA. 

Evaluation dependence the number of species from sampling effort showed that in the both 

investigated areas, NPMS UA (including ZPF) and JOSS, the species composition is more or less 

fully appreciated (Fig. II.5.7). 

 
Zernov Phyllophora Field 
Similarity of species composition in pair “surface – bottom” was 65.8% according to Sorensen 
index. Species richness in surface layer was higher on all stations during the investigated 
period, and ranged, in average, from 10.7±1.8 (St. No. 9F) up to 11.7±3.7 (St. No. 10F) species 
per sample in the surface and from 6.0±1.5 (St. No. 9F) up to 7.0±1.2 (St. No. 11F) in the 
bottom. However, species diversity (Shannon index), was only slightly differing: 2.7±0.3 (St. 
No. 4F) – 2.9±0.2 (St. No. 9F) in surface and 2.0±0.3 (St. No. 4F) – 2.4±0.5 (St. No. 11F). Seasonal 
changes in species composition have different tendency. In the surface layer similarity 
increased, while in the bottom vice versa (Fig. II.5.8). 

 
Figure II.5.7 Dependence the number of species from sampling effort for the studied areas. 
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Figure II.5.8 Seasonal changes of species composition in the different water layers on ZPF 

stations. 
 

Table II.5.5 Comparison of species richness (S – species number per sample) and diversity 
(H’ – Shannon index, abundance) on ZPF stations: VI (2016), IV – VIII (2017) 

Layer 
Station 4F 9F 10F 11F 

Month VI IV VII VIII VI IV VII VIII VI IV VII VIII VI IV VII VIII 

Surface 
S 18 15 10 9 5 8 14 10 8 19 9 7 8 12 12 9 

H'N 3,6 3,2 2,8 2,1 1,5 2,8 3,2 2,6 2,3 3,8 2,6 2,0 2,6 3,3 3,0 2,1 

Picnocline 
S       7       6       8       10 

H'N       2,5       2,1       1,9       2,8 

Bottom 
S   5 7 7   7 8 3   5 7 6   9 7 5 

H'N   1,9 1,6 2,7   2,6 2,6 1,6   2,0 2,8 2,5   3,1 2,8 1,4 

 
NPMS UA coastal stations 
Comparative data of species richness (S) and diversity for 2016 and 2017 are presented in 
Table II.5.5. These parameters on St. No. 4F were higher, while on St. No. 9F lower in 2016 
than in 2017. However this may be affected by seasonal fluctuation of species composition, 
abundance and biomass (see Table II.5.4). 
 
NPMS UA coastal stations 
Distribution of species richness on coastal stations of Ukrainian part of NWBS (Fig. II.5.9), in 
whole, correspond to those of abundance and biomass (see Fig. II.3). However, diversity on 
these stations was high (2.40 (St. No. 5W) – 3.34 (St. No. 1W) and comparable to values 
registered on ZPF stations (see Table II.5.5). Comparison to 2016 (15 stations), average value 
of Shannon index in 2017 (7 stations) was similar (2.73±0.13 in 2016 vs. 2.85±0.15 bit · ind.-1 

in 2017). 
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Fig.II.5.9 Species richness and diversity on coastal NPMS UA stations in 2017 

JOSS UA-GE 

Species composition in surface layer and picnocline has similarity 72.4% according to Sorensen 
index. Analyze of linkage between changes of species composition in surface and picnocline 
shown that both parameters changed independently of each other (ρ = 0.143, p = 0.76) as well 
as in case of abundance and biomass (see above). It is interesting, that such changes were on 
the ground of high similarity of species composition (72.4%) and rather the same species 
richness (6.6±0.7 species per sample in surface vs. 6.1±0.6 in picnocline) and species diversity 
(2.03±0.18 bit · ind.-1 in surface vs. 1.99±0.22 in picnocline). 

 Habitat ecological status according to candidate indicators - 
Microzooplankton 

Water quality assessment was carried out on the basis of data on the abundance-biomass 
comparison of ciliates community as a permanent and dominant microzooplankton 
component. Shown in the Figures  II.5.10 and II.5.11, Tables. II.5.6 and II.5.7 data indicate that 
the water quality by selected criteria (W-index) in most cases, corresponds to the "moderate" 
category. 

 

Figure II.5.10 Water quality in surface layer of FZP stations and NPMS UA coastal stations in 
2017 

0

1

2

3

4

0

5

10

15

20

25

1w 2w 3w 4w 5w 6w 7w

S
h

a
n

n
o
n

 i
n

d
ex

, 
b

it
 ·
 i

n
d

.-1

S
p

ec
ie

s 
p

er
 s

a
m

p
le

Stations

S H'(N)



Scientific Report – Joint Black Sea Surveys 2017 

 

147 

 

 
Figure II.5.11 Water quality in surface and in picnocline layers of JOSS-UA-GE 

stations in 2017 

Table II.5.6: Habitat ecological status according to microzooplankton (ciliates community) 
indicator in ZPF region 

Station 4F 9F 10F 11F 

Index W WQ W WQ W WQ W WQ 

Surface 

VI(2016) 0,236 good 0,062 moderate -0,135 moderate 0,220 good 

IV 0,165 moderate 0,404 good 0,353 good 0,311 good 

VII 0,167 moderate 0,159 moderate 0,014 moderate 0,141 moderate 

VIII 0,103 moderate 0,097 moderate 0,057  -0,034 moderate 

Picnocline 

VIII 0,159 moderate 0,154 moderate 0,107 moderate 0,062 moderate 

Bottom 

IV 0,008 moderate 0,199 moderate 0,436 good 0,542 good 

VII -0,171 moderate 0,063 moderate 0,535 good 0,227 good 

VIII 0,239 good 0,456 good 0,531 good 0,073 moderate 

Table II.5.7: Habitat ecological status according to microzooplankton (ciliates community) 
indicator in NPMS UA coastal stations and open sea (JOSS UA-GE) 

NPMS UA W WQ JOSS W WQ W WQ W WQ 

Layer surface Layer surface picnocline Bottom 

1w 0,127 moderate 1 0,080 moderate 0,324 good 0,095 moderate 

2w 0,039 moderate 2 0,611 high -0,269 poor 0.000 moderate 

3w 0,229 good 3 0,000 moderate 0,291 good 0,153 moderate 

4w 0,257 good 4 0,282 good 0,356 good   

5w 0,046 moderate 5 -0,029 moderate 0,235 good   
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NPMS UA W WQ JOSS W WQ W WQ W WQ 

Layer surface Layer surface picnocline Bottom 

6w 0,164 moderate 6 0,092 moderate -0,004 moderate   

7w 0,004 moderate 7 0,147 moderate 0,021 moderate   

   8 0,030 moderate 0,116 moderate   

   9 0,293 good 0,228 good   

   10 -0,056 moderate -0,066 moderate   

   11 -0,007 moderate -0,072 moderate   

   12 0,122 moderate 0,283 good   

 

II.5.3. Mesozooplankton and Macroplankton including non-native 
species – JOSS RF. 

Shiganova T.A. 

 Introduction – cruise route and sampling sites 

Cruise route consisted of three transects (Fig. II.5.11).  

- The 1st  transect (Gelendzhik) was a standard transect which was fulfilling during last 

50 years by research vessels of P.P.Shirshov's Institute of Oceanology Russian 

Academy of Sciences (SIO RAS). It consisted of 9 stations starting from 1400 m 

bottom depth to 2100 m. Total length - 82 miles. 

- The 2nd transect (Centre) consisted of 5 stations which were located along Russian-

Turkish boundary of economic zones from 37о lat. to 39о lat. Bottom depth ranged 

from  2000 to 2200 m. Total length - 120 miles.  

- The 3nd transect (Sochi) started at the sea centre on 39о lat. and ended near town 

Sochi. It consisted of 7 stations starting from 2000 m bottom depth to 1300 m. Total 

length -75 miles.  

 
Figure. II.5.11. Route of JOSS-RF in October 2017. 
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 Material and Method 

Temperature and salinity were recorded vertically with a CTD probe. Zooplankton (including 

ovae and larvae of ctenophores) were collected with a Juday plankton net (0.1 m2 opening, 

180 µm mesh size), and gelatinous plankton (ctenophores and medusae) were collected with 

a smaller modification of Bogorov-Rass net (0.2 m2 opening, 500 µm mesh size).  

In the shallow area samples were taken from the bottom to surface and the deep-water zone, 

samples were taken from the upper boundary of the hydrogen sulphide layer to the surface 

of the sea. The position of the boundaries of the vertical stratification of the water column 

was determined according to the probe STD. The samples were taken at all 21 stations of 

polygon. 

Gelatinous plankton was estimated and measured immediately after collections. Zooplankton 

samples were immediately preserved in 4% formaldehyde buffered to pH 8-8.2 with 

disodiumtetraborate (borax) (Na2B4O3·10 H2O) formalin solution (1 part 40% formaldehyde 

solution and 9 parts water- sample) and stored in plastic containers. In the laboratory, the 

samples were concentrated to 100-200 ml and processed total samples to avoid losing rare or 

new species occurrence. A Bogorov’s chamber was used for quantitative assessment 

(abundance and biomass calculation, using species individual weight) and qualitative 

(taxonomic structure) processing of samples. 

 Macroplankton  

Macroplankton was presented by gelatinous species. Gelatinous plankton plays important 

role in the functioning of the Black Sea.  The Black Sea is one of the basins, which has extremely 

become degraded from blooms of gelatinous species first native then invasive.  

There are two species of Scyphozoa  among native  species: the most common and widely 

distributed jellyfish Aurelia aurita (L),  and another Rhyzostoma pulmo (Macri,1778)  which is 

a rather usual species in the Black Sea; it dwells mainly in the near-shore regions of the Black 

Sea and sometimes penetrates with currents to its open part and one ctenophore 

Pleurobrachia pileus O. Muller.  

Among them were non-native species Mnemiopsis leidyi and its predator Beroe ovata.  

At the end of October and beginning of November, the abudance of the invader Mnemiopsis 

leidyi and its predator Beroe ovata were already very low. Therefore it was impossible to 

determine level of  the development of their population, their seasonal dynamics and their 

predator / prey interaction. However, according to the seasonal dynamics studied in the Blue 

Bay (Gelendzhik) in 2017, we  can be noted that the abundance of M.leidyi  during the peak of 

development in July-August was also  low due to the high temperature at this time (more than 

26-270 C), which unfavorable for reproduction of M.leidyi (Shiganova et al., 2014; 2018). 

Mnemiopsis stops reproduction at temperatures above 270 C (Shiganova et al., 2018).  As a 

result abundance of its predator Beroe ovata was low due to the low concentration of its prey, 

M.leidyi These results support our conclusion on a decrease in the abundance of the harmful 

species M.leidyi in area of Gelendzhik in recent years and, accordingly, its effects on the 

pelagic ecosystem, first of all edible zooplankton and fish eggs and larvae 
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However jellyfish Aurelia aurita, increased abundance  in spring and autumn in recent years, 

since 2012 due to the rise in the temperature of the surface layer and the decrease in the 

number of its competitor  M.leidyi at this time due to  grazing by B.ovata. 

 

Figure . II.5.12.  Distribution of Aurelia aurita along transects  (ind.m-2)  

in October-November  2017. 

Thus in the Black Sea during last years jellyfish Aurelia aurita replaced  a niche of harmful 

invader M.leidyi,  which is indicate that state of the Black Sea ecosystem is still unfavorable. 

An illustration of this process has been the regular mass accumulations of jellyfish off the coast 

and open sea formed with winds and currents. For example, over the high number of jellyfish 

was observed in November 2017 in the open part in front of our polygon. The biomass Aurelia 

aurita at some stations reached 2600 mg m-2 particularly in the open sea. Therefore, analyzing 

results of expedition special attention has been paid to the quantitative development of 

jellyfish, their competition with other gelatinous species. 

 

Figure . II.5.13.  Aggregations of Aurelia aurita in November 2017.  
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 Mesozooplankton. 

Zooplankton including meroplanktonic species average biomass in water column in total 

oxygenic  layer at the whole Polygon was 50,8±20 mg.m-3, much higher in the open sea (Fig.3). 

Species diversity was not high, comprising 15-21 species due to autumn. Cladocera were 

present 3 species Pleopis tergestina, Pleopis polyphemoides and Penilia avirostris. Cpepoda 

comprised Among alien species Oithona davisae  was abundant in  October and November 

with maximum in deeper waters. Noctiluca scincillans comprised at most of stations <1%, but 

in some deep sea station reached 10%. 

Thus zooplankton biomass for autumn, percent of Noctiluca scincillans and percent of 

Copepoda is corresponded to good environmental status in October-November in studied 

area.  

 
Figure . II.5.14.  Distribution of mesozooplankton  in October-November  2017 

(without N. scincillans). 

In total according to our assessment of macro-and mesoplankton parameters environmental 

status was not still good in all studied parameters of polygon in north-eastern Black Sea, in 

spite of great decrease of population M.leidyi and seasonal decrease of biomass of N. 

scintilans.   Species diversity and share of Copepoda are rather high in the shelf and open 

waters and reached GES in spite of autumn. But high biomass of jellyfish Aurelia aurita is a 

matter of great concern.  

 



Scientific Report – Joint Black Sea Surveys 2017 

 

152 

II.5.4. Conclusions  

Zooplankton community, expressed via candidate indicators of micro- and meso-zooplankton, 
is in the “poor” or “moderate” ecological status in ca. 65% of the investigated sites. Open sea 
habitats differ significantly from the shelf zone.  

II.5.5. Gaps  

• Clarification of the concept “microzooplankton” which includes not only obligate 
heterotrophs as well as “phytoplankton” includes such species (obligate 
heterotrophs). 
 

• Water quality assessment using protists with short life cycle reflects an operative 
situation («now») that requires more frequent and regular monitoring of the state of 
these communities.  

II.5.6. Recommendations 

• Picnocline layers should be involved in microzooplankton studies 

• Further development of guidelines on identification of microzooplankton species 
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II.6. Benthic habitats 

Adrian Teaca1, Tatyana Chuzekova2, Svetlana Kovalishina2, Oleg Kachalov2, Olga Semionova2, 
Eteri Mikashavidze3, Madona Varshanidze3, Mihaela Muresan1 

1 - NIRD GeoEcoMar,  

2 - UkrSces, 3 - NEA 

 

II.6.1. Introduction 

Benthic habitats play an important role in some of the key ecosystem processes (i.e., primary 

production, food webs, recycling, etc.), but they are subject to many human pressures which 

put in risk their functionality (Claudet & Fraschetti, 2010). The European Marine Strategy 

Framework Directive (MSFD; Directive 2008/56/EC) requires European Member States to 

achieve a Good Environmental Status (GEnS) by 2020 (Borja (2006), Borja et al. (2011) and 

Borja et al. (2013)). Achieving a GEnS requires knowing about the marine ecosystems, of which 

seabed habitats are an integral part (Cogan et al., 2009). 

The assessment of the condition of benthic habitats is one of the evaluation criteria both in 

the WFD (as biological quality element) and in the MSFD descriptors (D1 - biodiversity & D6 - 

sea floor integrity).  

An assessment procedure for determining the condition of soft-sediment benthic habitats 

requires the following aspects:  

- habitat assignation of the samples (habitat approach according biological zonation and 

substrate,          

      http://www.emodnet-

seabedhabitats.eu/default.aspx?mapInstance=MESHAtlanticMap_&page=1974&LAYER

S=EUSMMSFD&zoom=6&Y=44.905278075749&X=29.543559570312),  

- reference or target conditions for the benthic parameters, and 

- the selection of indicator tools to assess the relative quality status (indicator approach). 

One of the main objectives of the EMBLAS-II project is the ecological assessment of the Black 

Sea, taking into consideration the requirements of the WFD and the descriptors of the MSFD 

and providing general overview on the status of habitats. In order to respond to the objectives 

raised by the project, an expedition in the North-Western and Eastern part of the Black Sea it 

has been performed, with which occasion the macrozoobenthos samples were collected. 

II.6.2. Macrozoobenthos  

 Materials and methods 

Ecological assessments of the macrozoobenthic associations on the North-Western (Ukrainian 

part) and eastern (Georgian part) Black Sea continental shelf were done on the basis of 58 

http://www.emodnet-seabedhabitats.eu/default.aspx?mapInstance=MESHAtlanticMap_&page=1974&LAYERS=EUSMMSFD&zoom=6&Y=44.905278075749&X=29.543559570312
http://www.emodnet-seabedhabitats.eu/default.aspx?mapInstance=MESHAtlanticMap_&page=1974&LAYERS=EUSMMSFD&zoom=6&Y=44.905278075749&X=29.543559570312
http://www.emodnet-seabedhabitats.eu/default.aspx?mapInstance=MESHAtlanticMap_&page=1974&LAYERS=EUSMMSFD&zoom=6&Y=44.905278075749&X=29.543559570312
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samples taken in 20 stations in 2017.  There were 31 samples taken in 17 coastal as well as 

shelf stations on the Ukrainian part (NPMS UA 2017, JOSS GE-UA 2017), respectively 27 

samples in 3 stations on the Georgian part (NPMS GE 2017) (Table II.6.2.1). 

The distribution of stations on depth intervals was as follow:  

• 0 - 19 m: GE/UA - 11 stations;  

• 20 - 50 m: UA - 7 stations;  

• 51 - 62 m: UA - 2 stations;  

The macrozoobenthos sampling followed the protocol described in Todorova & Konsulova, 

2005.  Thus, all samples have been collected with a Van Veen grab with surface of 0.135, 

washed through a 0.5 mm mesh size sieve, fixed with formaldehyde 4% buffered with 

seawater and finally stored in plastic jars. In laboratory, the organisms were identified to the 

lowest possible taxonomic level.  

Table II.6.2.1. Number of macrozoobenthos samples processed by each institute in the two 
Pilot Monitoring Sites (NPMS UA, NPMS GE) and JOSS GE-UA 2017 

Stations 
NPMS UA JOSS GE-UA Depth, 

m 

NPMS GE Depth 

USC USC GeoEcoMar NEA  

1A   1 23   

1B   1 28.9   

1C   1 21.5   

1  1 1 25.3   

2  1 1 53   

3  1 1 62   

1w  2   6.8   

2w  2   15.7   

3w  2   9.4   

4w  2   3   

4ph  2   19   

9ph 2   40   

10ph  2   22.5   

11ph  2   28   

5w  2   8   

6w  2   9.5   

7w 2   8   

N1 Green Cape (soft bottom)      7 5.5 

N1 Green Cape (rocky 
bottom) 

  
 

 4 0.5 

N2 Batumi Port (soft bottom)     12 7.5 

N4 Sarpi (rocky bottom)     4 3 

Total 
22 3 6  27  

31 27 

The proportion of functional feeding groups (Macdonald et al. 2010) from each habitat have 

been assessed in order to characterize the response of organisms to environmental quality.  

After food source collecting type, the species were classified in: epibenthic, surface, 

subsurface. 
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The feed mode (Deposit feeder (ingests sediment; De), Detritus feeder (ingests particular 

matter only, without sediment; Dt), Suspension/Filter feeder (strains particles from the water, 

Su), Predator (eats live animals only; Pr), Scavenger (carrion only; Sc), Suctorial parasite (Sp), 

Chemosynthetic (with symbiotic bacteria, Ch), Lignivorous (eats wood, Li), Grazer (feeds by 

scraping, either on algae or sessile animals, Gr), and Browsing (feeds by tearing or gathering 

particular items, Br) were given after Macdonald et al. 2010. 

Univariate and multivariate statistical analyses were performed on abundance and biomass 

datasets.  

To define benthic communities and distinguish between groups, a complete linkage 

hierarchical clustering based on Bray-Curtis similarities (Clarke & Warwick, 2001) applied to 

non-transformed data of mean abundance and transformed presence/absence data of each 

species has been used.  

The ecological state of a particular station was assessed using M-AMBI, a combined biotic 

index including diversity (H’), species richness (S) and AMBI (proportion of opportunistic to 

sensitive taxa), into a factor analysis multivariate approach (Muxika et al., 2007). The 

ecological classes’ boundaries were those given by Borja et al. (2007). 

For M-AMBI calculation the reference values for S and H’ for assessing the status in case of 7 

habitats were those used in Initial Assessment of the Marine Environmental Status pertaining 

to Art. 8 of the Regulation for marine environmental protection (Moncheva S., Todorova V. et 

al., 2013) for the Bulgarian predominant benthic habitats. Expert judgment of authors was 

used to assess two of the identified habitats.  

 Results and discussion 

II.6.2.2.1. Description of benthic habitats  

Within the EMBLAS-II project we aimed to assess the ecological status of benthic habitats. The 

typology of main habitats within the Black Sea classified after European Nature Information 

System (EUNIS; Davies et al., 2004) developed within the project EUSeaMap 2 has been 

applied (http://www.emodnet-seabedhabitats.eu). Currently, in the Black Sea there are two 

classification systems of habitats in different development stages: NATURA 2000 and EUNIS. 

NATURA 2000 is the most used, but given the general European tendency to classify all 

habitats after EUNIS, it gives us more reasons to analyze and align to EC requirements. 

The habitats were portreyed on the map according to the principles that stood at the basis of 

creation of broad-scale habitat map of the Black Sea within the EuSeaMap project. The 

methodology (Populus et al, 2017) implied consisted mainly of: 

Delineation of biozones (biological zones) 

The extent of each biological zone is generally driven by a specific environmental variable that 

is recognized as having overarching influence on the distribution of the habitats contained 

within the biological zone. The biological benthic zones recognized as being shared commonly 

amongst European seas are five and defined as follows: infralittoral, circalittoral, offshore 

circalittoral, bathyal and abyssal. 

http://www.emodnet-seabedhabitats.eu/
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For the classification of the Black Sea region into biological zones, the substrate type and the 

bathymetry cut-off/threshold (19 m depth), instead of light, was used for separating between 

soft bottom infralittoral and shallow circalittoral, temperature (9.70C – at about 50 m depth) 

was used for separating between circalittoral and offshore circalittoral, density (isopichnic 

value) for the classication into oxygen regimes and separation between oxic (>15.4 kg/m3) and 

suboxic offshore circalittoral (<16.2 kg/m3), while the break of slope (at about 1800 m depth) 

was used to separate bathyal of abysal. 

The identification of the infralittoral/circalittoral boundary based on the estimated 

percentage of light reaching the sea bottom does not work as appropriately in areas which are 

under the influence of high fine sediment riverine input (usually named river plume area) as 

is the case of the NW shelf of the Black Sea. In fact, in these areas combined fine sediment 

and fresh water apposition interferes with the standard substrate and benthic zonation 

pattern observed in coastal areas with little or no coastal riverine input. For this reason, such 

areas, hereafter referred to as river plume areas were delimited using abiotic parameters or 

simply manually drawn, where abiotic parameter data did not allow to define their extent.  

Delineation of broadscale habitats embedded into the biological zones  

A broad-scale seabed habitat map typically describes the environmental conditions that occur 

at the seabed that are known to influence the distribution of plant and/or animal 

communities. The habitat map is the result of the spatial combination of biological zones and 

benthic communities’ distribution. 

Habitat maps are important as they contain essential information about the seafloor which is 

required to sustainably manage and develop the economic potential of European sea-basins. 

European seabed habitat maps serve many purposes including the design of ecologically 

coherent Marine Protected Area networks, species distribution modelling, establishing 

monitoring programmes for seabed habitats and informing maritime spatial planning. They 

are also indispensable to fulfil the legal obligations under the MSFD, where full coverage of 

benthic broad habitats of all European seas is required. 

Based on the results of macrozoobenthos analysis in 2016 and 2017 (NPMS_JOSS Ukrainian – 

UА and NPMS Georgian waters - GE), ten benthic habitats and their distribution on the 

Ukranian and Georgian shelf have been identified (Fig. II.6.2.1): 

- Infralittoral rock with biogenic reefs with mytilidae and photophilic algae (GE); 

- Infralittoral sand with Lentidium mediterraneum (GE); 

- Infralittoral sand with varied infauna (UA);  

- Infralittoral coarse and sand sediments with Chamelea gallina (UA); 

- Infralittoral muddy sand with Heteromastus filiformis, Bittium reticulatum and 

Micronephthys (GE); 

- Circalittoral terigenous mud with Melinna palmata (UA);  

- Circalittoral mud with Abra, Pitar, Spisula, Acanthocardia and Nepthys (UA);  

- Circalittoral coarse sediments with Mytilus biogenic reefs and sciaphilic algae (UA);  

- Circalittoral mixed sediments (UA); 

- Offshore circalittoral mixed sediments with Modiolula phaseolina (UA).  
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Figure II.6.2.1. Distribution of broad scale habitats on the Ukrainian and Georgian shelf of the Black Sea (2016-2017)  

(source: http://www.emodnet-seabedhabitats.eu)  
(Note: the area of Lentidium habitat and Modiolula on the Georgian shelf was manualy delineated according to point data)  

 

http://www.emodnet-seabedhabitats.eu/
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Based on the available map produced in the Emodnet-EuSeaMap phase2 - Seabed Habitats lot 

the area of each major habitat has been estimated. A confidence assessment has been 

provided for each habitat based on the confidence in the background data (groundtruth data: 

physical, chemical, biological) that was used to produce the modelled habitats. In general, 

both at the Ukrainian and Georgian shelf the data was scarce. The best substrate and 

biological community distribution available data was at the Ukrainean shelf, though 

insufficient to produce a high confidence map of habitats distribution (Table II.6.2.2). 

Table II.6.2.2. Estimated area of broad scale benthic habitats on the Ukrainian and Georgian 
shelf (source: http://www.emodnet-seabedhabitats.eu) 

Habitats 
Area, km2 Confidence in habitat distribution 

UA GE UA GE 

Infralittoral rock with biogenic reefs with mytilidae and 
photophilic algae 

 0.15  low 

Infralittoral sand with Lentidium mediterraneum  6  low 

Infralittoral sand and coarse sediments with Chamelea gallina  5,916 126 Low to moderate Low to moderate 

Infralittoral mixed sediments with varied infauna 3,629  Low  

Circalittoral mud with Gouldia, Pitar, Aricidea and burrowing 
thalassinidae species 

 132.64  Low 

Circalittoral mud with Abra, Pitar, Spisula, Acanthocardia, 
Nephtys and Melinna palmata community 

1,697  Low  

Circalittoral coarse sediments with Mytilus biogenic reefs and 
sciaphilic algae 

5,321  Low to moderate  

Circalittoral mixed sediments 11,045  Moderate  

Offshore circalittoral mud with Terebellides stroemii  244  Low 

Offshore circalittoral mixed sediments with Modiolula phaseolina 10,014 37 Moderate Low 

Note: Rough estimation of extent of the broad scale habitats área 

 

II.6.2.2.2. Ukrainian region of the Black Sea (NPMS UA) 

The Bray Curtis similarity analysis on the abundance data differentiated 7 types of habitats, 

typical of infralittoral and circalittoral. Even spatially distanced, the clusters of stations 7w and 

6w (C) and 9ph (F) (Fig. II.6.2.2) are part of the same biological zone (Circalittoral mixed 

sediments). This is explained by the influence of Dnieper in shallow waters (infralittoral), 

which determines abiotic conditions (rich organic mud) prefered by the circalittoral benthic 

communities rather than those inhabiting the infralittoral.  

http://www.emodnet-seabedhabitats.eu/
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Figure II.6.2.2. Bray Curtis similarity of macrozoobenthos based on abundance data within 
the Ukrainian region of the Black Sea. The similarity groups of stations are classified 

according to the EUNIS habitats classification under MSFD. 

(A - Offshore circalittoral mixed sediments with Modiolula phaseolina; B - Circalittoral mud with Abra, 
Pitar, Spisula, Acanthocardia and Nepthys (plume area); C - Circalittoral mixed sediments (plume area); 
D - Circalittoral terigenous mud with Melinna palmata; E - Infralittoral coarse and sand sediments with 
Chamelea gallina; F - Circalittoral mixed sediments; G - Circalittoral coarse sediments with Mytilus 
biogenic reefs and sciaphilic algae). 

The substrate type and physico-chemical parameters of each station presented large 

variations according to biozones distribution. There were distinguished 4 types of sediments: 

sand, mud, mixed and coarse whitin infralittoral and offshore circalittoral (Table II.6.2.3). 

Temperature varied between 8.4oC (coresponding to circalittoral) and 25oC (coresponding to 

infralittoral) and bottom water salinity between 15‰ (coastal) and 18‰ (offshore). The 

influence of terrigenous input was evinced in plume area of Danube and Dnieper where the 

nitrogenous content recorded the highest concentration (St. No. 3w, 4w, 6w, 7w).  Unlike the 

coastal area the high content of nitrogen in circalittoral (St. No. 9ph, 10ph) could be the result 

of locally intense chemical and biological processes.  

Table II.6.2.3. Abiotic parameters of NPMS UA stations during the August cruise, 2017 

Station 
Depth, 
m 

Bottom 
sediments 

Biozone 
Temp., 
oC 

Salinity 
‰ 

pH 
P total, 
mg/l 

N total, 
mg/l 

NPMS 1w 6.8 Sand Infralittoral 24.70 16.14 8.21 18 427 

NPMS 2w 15.7 Mixed Infralittoral 25.00 16.42 8.29 12 418 

NPMS 3w 9.4 Mixed Infralittoral 25.00 15.75 8.24 25 987 

NPMS 4w 3 Sand Infralittoral 25.20 15.51 8.19 86 918 

NPMS 4ph 19 Coarse Circalittoral 12.40 17.48 8.05 19 414 

NPMS 9ph 40 Mixed Circalittoral 8.40 18.23 8.03 16 1171 

NPMS 10ph 22.5 Coarse Circalittoral 8.80 18.01 7.86 31 1056 

NPMS 11ph 28 Coarse Circalittoral 8.40 18.10 7.94 14 468 

NPMS 5w 8 Sand Infralittoral 24.60 16.19 8.26 19 405 
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Station 
Depth, 
m 

Bottom 
sediments 

Biozone 
Temp., 
oC 

Salinity 
‰ 

pH 
P total, 
mg/l 

N total, 
mg/l 

NPMS 6w 9.5 Mixed Circalittoral (plume area) 15.30 16.11 7.71 30 1630 

NPMS 7w 8 Mud Circalittoral (plume area) 22.60 16.24 7.93 42 1240 

JOSS 1A` 23 Mud Circalittoral (plume area)      

JOSS 1B 28.9 Mud Circalittoral      

JOSS 1C 21.5 Mixed Circalittoral (plume area)      

JOSS 1 25.3 Mud Circalittoral      

JOSS 2 53 Mixed Offshore circalittoral      

JOSS 3 62 Mixed Offshore circalittoral      

II.6.2.2.3. Georgian region of the Black Sea (NPMS GE) 

In order to define and assess the status of benthic habitats, 27 monthly samples from 3 

stations have been analysed as following: 19 samples from soft bottom at two stations (N1 - 

Green Cape and Batumi Port) and 8 samples from rocky substrate at two stations (N1 - Green 

Cape and N4 - Sarpi) (Table II.6.2.1). 

The Bray Curtis similarity analysis on the monthly abundance data differentiated 2 types of 

habitats: Infralittoral sand with Lentidium meditarraneum and Infralittoral muddy sand with 

Heteromastus, Bittium and Micronephthys (Fig. II.6.2.3). The samples clustered in A and B both 

belonging to infralittoral showed a weak similarity (less than 50%), which denote the presence 

of two different habitats, one dominated by communities with L. mediterraneum, typical for 

the sandy substrate from the Green Cape area and one dominated by abundant opportunistic 

polychaets communities, typical for the muddy sand from the Batumi Port area.  

Figure II.6.2.3. Bray Curtis similarity of soft bottom macrozoobenthos based on montly 
abundance data within the Georgian region of the Black Sea. The similarity groups of 

stations are classified according to the EUNIS habitats classification under MSFD. 

(A - N1 (Green Cape): Infralittoral sand with Lentidium mediterraneum; B - N2 (Batumi Port): 
Infralittoral muddy sand with Heteromastus filiformis, Bittium reticulatum and Micronephthys 
stammeri). 
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The monthly samples (January - April) collected from the rocky substrate in Green Cape and 

Sarpi showed a high similarity (about 60%) between the communities found in both locations 

(Fig. II.6.2.4). Therefore, one habitat was highlithed according to the data: Infralittoral rock 

with biogenic reef with mytillidae and photophilic algae. 

Figure II.6.2.4. Bray Curtis similarity of rocky bottom macrozoobenthos based on montly 
presence/absence data within the Georgian region of the Black Sea. The similarity groups 

of stations are classified according to the EUNIS habitats classification under MSFD. 

(habitat type: Infralittoral rock with biogenic reefs and photophilic algae) 
 

 Assessment of ecological status based on macrozoobenthos 

II.6.2.3.1. Ukrainian region 

133 macrozoobenthic taxa were identified in the studied zones of the Ukrainian shelf of the 

Black Sea, most of them being taxonomically determined at species level. The highest diversity 

was shown by the following groups - Annelida, Crustacea and Mollusca. Species number per 

sample varied from 6 to 35 and from 9 to 49 per station. The Whittaker’s beta-diversity index 

was 6.4 (Fig. II.6.2.5).  
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Figure II.6.2.5. Proportion of major macrozoobenthic groups  
on the Ukrainian shelf of the Black Sea in 2017 

The most frequent taxa, in 2017, were Nephtys hombergii (F=71%), Mytilus galloprovincialis 

(F=65%), Perioculodes longimanus (F=65%), Ampelisca diadema (F=53%), Capitella “capitata” 

(F=53%), Melinna palmata (F=53%), Alitta succinea (F=47%), Cerastoderma glaucum (F=41%), 

Chamelea gallina (F=41%), Dexamine spinosa (F=41%), Harmothoe impar (F=41%), Prionospio 

multibranchiata (F=41%), Microdeutopus anomalus (F=41%), Spio decoratus (F=41%). During 

the investigation two red list species of Decapoda were found - Liocarcinus navigator and 

Pilumnus hirtellus. An exceptional event was the presence of Flexopecten glaber ponticus in 

two stations on the Ukrainian shelf (St. No. 10ph, 11ph). This could be considered a sign of 

recovery of the entire NW Black Sea shelf taking into account long time disappearance of the 

species.  

Distribution of mean abundance (Fig. II.6.2.6) and biomass (Fig. II.6.2.7) mirrors the habitat 

type and also the bionomic zone. The infra- and shallow circalittoral stations (St. No. 5w, 4ph, 

10ph, 11ph) are characterized by sediments formed of shells accumulations or sand inhabited 

mostly by molluscs (Chamelea, Mytilus, Spisula, Pitar, etc.), which yield great biomasses as 

well as by polychaets, crustaceans, dominant after density. These habitats confer a high spatial 

complexity of niches proper to an increased diversity and growth (mass production). The 

circalittoral muddy and mixed habitats unlike the coarse ones exhibit lower densities due to 

smaller amounts of molluscs. 

The coastal and central shelf station in former Phyllophora field of Zernov (2w, 6w, 5w, 11ph, 

10ph, 4ph) envinced the highest biomass as result of rich community formed of mussels. 
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Figure II.6.2.6. Distribution of average densities of macrozoobenthos on the Ukrainian 

shelf in 2017 (NPMS/JOSS) 

Figure II.6.2.7. Distribution of average biomass of macrozoobenthos on the Ukrainian shelf 
in 2017 (NPMS/JOSS) 
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The greatest diversity (number of species), numerical abundance and biomass have been 

recorded in the habitats circalittoral coarse with Mytilus biogenic reefs and scyaphylic algae 

and sand with Chamelea gallina (Fig. II.6.2.8). 

 

Figure II.6.2.8. Distribution of number of species, average density and biomass in the 
NPMS/JOSS stations from Ukrainian region in 2017 

 

It is worth noting the greatest number of species (49 and 41 taxa, respectively) associated with 

the stations 10ph, 4ph and 2 JOSS (Fig. II.6.2.9). The sampling effort increasing is needed in 

order to obtain a better assessment of the biodiversity within the mussels’ habitat. On the 

other hand, the stations (St. No.  1A’, 1C, 1B, 1 JOSS) confined  to terrigenous muddy habitats 

which naturally are less diverse or spatially variable, may not need a high sampling effort to 

make a picture on the species richness.  
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Figure II.6.2.9. Distribution of number of macrozoobenthic species on the Ukrainian shelf 
in 2017 (NPMS/JOSS) 

II.6.2.3.2. Georgian region 

Soft bottom 

There were 53 macrobenthic taxa identified, most of them down to species level (excepting 

Nemertea spp., and  Oligochaeta spp. considered just to the higher taxonomic level), 

pertaining to Nemertea (1), Polychaeta (16), Oligochaeta (1), Gastropoda (7), Bivalvia (8), 

Cirripedia (1), Amphipoda (5), Cumacea (3), Mysida (1), Isopoda (1), Tanaidacea (1), Decapoda 

(4) (Fig. II.6.2.10). 

Figure II.6.2.10. Proportion of major soft bottom macrozoobenthic groups on the Georgian 
shelf of the Black Sea in 2017 
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The highest frequency in the samples was given by 3 species: polychaets Micronephthys 

stammeri (F=52.63%), Heteromastus filiformis (F=47.37%), the gasteropod Bittium reticulatum 

(F=47.37%), the bivalve Lentidium mediterraneum (F=42.11%), and the amphipod Ampelisca 

diadema (F=42.11%). 

The highest species richness (38) was reached in the infralittoral muddy sand dominated by 

Polychaeta (16) and 34 taxa at the Green Cape. 

The average density of macrozoobenthos in Green Cape and Batumi Port was 2,835 indv.m-2 

and 2,366 indv.m-2 respectively. Lentidium mediterraneum dominated after abundance in 

Green Cape where reached 2,190 indv.m-2, representing 77% of total abundance. Two species 

in Batumi port, Heteromastus filiformis and Bitium reticulatum, represented over 50% of 

abundance. Although in low density (2-6 indv.m-2) Glycera tridactyla, Odostomia plicata, 

Paramysis kroyeri, Sigambra tentaculata, Alitta succinea, Bela nebula, Brachynotus 

sexdentatus, Iphinoe elisae and Chamelea gallina are characteristic in the research area, 

playing an important role in the benthic diversity. 

The biomass varied between 93.3 g.m-2 in Green cape and 99.9 g.m-2 in Batumi Port area. In 

Green Cape L. mediterraneum attained 73 g.m-2 (78%) while in Batumi Port Rapana venosa 

dominated in proportion of 85% (99.9 g.m-2). 

Rocky bottom 

There were 40 macrobenthic taxa identified pertaining to Porifera (1), Turbellaria (1), 

Polychaeta (13), Polyplacophora (1), Gastropoda (3), Bivalvia (6), Bryozoa (1), Cirripedia (1), 

Amphipoda (6) and Decapoda (5) (Fig. II.6.2.11).  

 

Figure II.6.2.11. Proportion of major rocky bottom macrozoobenthic groups on the 
Georgian shelf of the Black Sea in 2017 

 

The highest frequency (F=100 %) in the samples was given by 6 species: polychaetes Sabellaria 

taurica and Nereis zonata, the bivalves Mytilaster lineatus and Mytilus galloprovincialis, 

gastropod Patella ulyssiponensis and amphipod Hyale pontica. 

The average density of epibenthic community in the study area was 11,272 indv.m-2 (Fig. 

II.6.2.12). Mollusca is dominant group with 6,200 indv.m-2, which represent 55% of the total. 

Among them Mytilus and Mytilaster made up 87% of total density of Mollusca. Abundance of 
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Polychaeta is 36% (4,100 indv.m-2) of total number of epifauna while crustacea is 5% (610 

indv.m-2). 

 

Figure II.6.2.12. Distribution of species richness, average density and biomass in stations 
from the Georgian region in 2017 

 

 Environmental Quality Assessment 

II.6.2.4.1. Ukrainian region 

Descriptor 1 

1.4. Habitat distribution 

Infralittoral sand and coarse sediment with Chamelea gallina/Infralittoral sand with varied 

infauna. Between 6 and 16 m on sandy and coarse sediments with shells, representative for 

distribution of this habitat were Stations 1w, 3w, 5w and 2w. The latter was situated at the 

lower limit of habitat distribution. The particular situation of station 4w (plume area) is 

uncertain due to specificity of shallow sandy habitats with varied infauna mostly dominated 

by Ampelisca diadema. Based on dominance of the latter the station was clusteterd with other 

sandy station even in absence of engineering species Chamelea. In fact, the area belong to 

Infralittoral sand with Lentidium mediterraneum, even that the dominant species has not been 

found at the moment of collection. This also could be explain by plume area influence. 

The habitat Circalittoral mud with Abra, Pitar, Spisula, Acanthocardia and Nepthys is 

characteristic mostly for greather depth linked also with Melinna community but in absence 
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of it. The substrate is constituted of fine mud dominated by infaunal polychaets and mollusca. 

Habitat was insufficient covered by sampling and was met in stations 1A` and 1C, laid out in 

front of Danube mouth (Ro/UA region) and becomes more defined southward.  

Circalittoral terigenous mud with Melinna palmata in the investigated area was distributed 

under the influence of terrigenous input coming from Dnieper River at 25 - 29 m depth (so 

calling, plume area near Odessa). The community forms an enclave in depresionary area with 

mosaic pattern.  

The habitat Circalittoral coarse sediments with Mytilus biogenic reefs and sciaphilic algae is 

the most peculiar for the entire NW shelf. Situated in the so calling starving area for 

sedimentation, shelters the former Phyllophora field of Zernov. Large area of this habitat is 

suitable for thriving of mussel’s banks wich form a complex shape of biotope. In addition, the 

great penetrance of light permit developing of red algal canopy. It corresponds to the three 

station: 4ph, 9ph and 10ph with bathymetric distribution range up to 40m depth. 

Circalittoral mixed sediments. There were two particular situations encountered. The shallow 

coastal plume area which corresponds to station 6w and 7w, falling into influence of high rate 

of sedimentation of silt (mud) upper than 19 m depth which means in the infralittoral 

biozones. This exception from the rules must be treated separate from true circalittoral mixed 

habitat (9w). The true circalittoral mixed is found in deeper part. The fauna in both habitats is 

similar, therefore we may consider it a single habitat from biological point of view in spite of 

being spatially separated. 

Offshore circalittoral mixed sediments with Modiolula phaseolina. It is the largest offshore 

circalittoral habitat that shelters a rich cold water community, Modiolula being the flag 

species. It occupies about 1/3 of the entire Black Sea shelf, being spatially clearly delineated 

of circalittoral habitats by physical boundaries such as the temperature (cca 80- 90C) and 

salinity (18 PSU). 

 

1.6. Habitat condition 

1.6.1 Species state and communities  

Infralittoral sand and coarse sediment with Chamelea gallina/Infralittoral sand with varied 

infauna. Total taxa number found in community was 58, among them Polychaeta - 19, 

Mollusca - 21, Crustacea - 13, other - 5. Their total average abundance and biomass reached 

6,005 ind.m-2 and 1,814 g.m-2, respectively. About 91 % of biomass was given by mollusc - 

Chamelea gallina, Rapana venosa and Anadara kagoshimensis. Polychaetes made up about 

27% of community abundance. Most abundant and characteristic species were Chamelea 

gallina - sensitive to organic matter enrichment, Ampelisca diadema, Capitella “capitata” and 

Schistomeringos rudolphi.  
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Indicators: Density (ind.m-2), Biomass (g.m-2) (Table II.6.2.4). 

Table II.6.2.4. Indicators for Criteria 1.2.1, calculated on the basis of the samples collected 
in Infralittoral sand  

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Chamelea gallina 692 830 

Anadara kagoshimensis 102 200 

Ampelisca diadema 1,498 4.38 

Circalittoral mud with Abra, Pitar, Spisula, Acanthocardia and Nepthys. A total of 30 taxa 

among them Polychaeta - 12, Mollusca - 8, Crustacea - 5, other - 5. The mean abundance of 

the benthic populations was 2,177 indv.m-2 and 52 g.m-2 as biomass. 

Indicators: Density (ind.m-2), Biomass (g.m-2) (Table II.6.2.5). 

Table II.6.2.5. Indicators for Criteria 1.2.1 calculated on the basis of the samples collected in 

Circalittoral mud 

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Abra nitida 110 7.2 

Nepthys hombergii 280 5.2 

Circalittoral terigenous mud with Melinna palmata. There were 19 species found among 

them Polychaeta - 6, Mollusca - 5, Crustacea - 2, other - 6. Average abundance and biomass of 

community recorded: 2,316 ind.m-2 and 82 g.m-2. The greatest abundances recorded by 

polychaetes and bivalves. Melinna palmata made up about 62% of total abundance and only 

18% of biomass. Nephtys hombergii and Phoronis euxinicola was subdominant species 

attaining 25% of total abundance. 

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.6.2.6). 

Table II.6.2.6. Indicators for Criteria 1.2.1, calculated on the basis of the samples collected 

in Circalittoral terigenous mud  

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Melinna palmata 1,430 15.2 

Nephtys hombergii 148 0.77 

Spisula subtruncata 88 47 

Phoronis euxinicola 421 1.3 

Circalittoral coarse sediments with Mytilus biogenic reefs and sciaphilic algae. The benthic 

assemblages within this habitat have been represented by 76 taxa among them Polychaeta - 

23, Mollusca - 25, Crustacea - 17, other - 10. The mean abundance of the benthic populations 

was 8,074 indv.m-2 and 3,714 g.m-2 as biomass. Mytilus galloprovincialis was the first ranked 

taxon after abundance and biomass, being the characteristic species of the habitat. Polychaeta 

made up 32% of total abundance, out of which Spio decoratus covered 30%. Accompanying 

species in the same habitat are: Athanas nitescens, Phtisica marina, Harmothoe impar, 
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Ascidiella aspersa, Ciona intestinalis, Amphiura stepanovi, Aonides paucibranchiata (Table 

II.6.2.7). 

Table II.6.2.7. Indicators for Criteria 1.2.1, calculated on the basis of the samples collected 

in Circalittoral coarse sediments 

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Mytilus galloprovincialis 2,510 3,120 

Spio decoratus 820 0.75 

Athanas nitescens 342 7.35 

Phtisica marina 238 0.46 

Ascidiella aspersa 118 192 

Amphiura stepanovi 210 0.2 

Circalittoral mixed sediments. There were 49 species found among them Polychaeta - 15, 

Mollusca - 17, Crustacea - 12, other - 6. Average abundance and biomass of community 

recorded: 3,020 ind.m-2 and 2.690 g.m-2. The greatest abundances were recorded in circa 

mixed plume area (6w, 7w) due to Melinna palmata and mussels. The species characteristic 

for circa mixed habitat found in all stations either coastal or deep circa were Nephtys 

hombergii, Caprella acanthifera, Cerastoderma glaucum and Pusillina lineolata (Table II.6.2.8). 

Table II.6.2.8. Indicators for Criteria 1.2.1, calculated on the basis of the samples collected 

in Circalittoral coarse sediments 

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Mytilus galloprovincialis 840 2,303 

Nephtys hombergii 140 3.74 

Caprella acanthifera 130 0.5 

Cerastoderma glaucum 164 46 

Melinna palmata 288 8.6 

Offshore circalittoral mixed sediments with Modiolula phaseolina. Total taxa number found 

in community was 49, among them Polychaeta - 19, Mollusca - 2, Crustacea - 15, other - 11. 

Total average abundance and biomass reached 1,195 ind.m-2 and 50 g.m-2, respectively. About 

67 % of biomass was given only by Modiolula. Polychaetes made up about 50% of community 

abundance. Most abundant and characteristic species were polychaetes Terebellides stroemii, 

Aonides paucibranchiata and Prionospio multibranchiata (Table II.6.2.9).  

Table II.6.2.9. Indicators for Criteria 1.2.1, calculated on the basis of the samples collected 

in Circalittoral coarse sediments 

Indicators MSFD D1 1.2.1 

Dominant species Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Modiolula phaseolina 297 33.7 

Terebellides stroemii 35 1.15 

Aonides paucibranchiata 120 0.13 

Prionospio multibranchiata 116 0.06 
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Descriptor 6 

6.2 Condition of benthic community 

6.2.2 Multi-metric indexes assessing benthic community condition and functionality 

(Species richness, Shannon, AMBI and M-AMBI) 

Two ecological status classification systems for GES definition were considered for each of the 

above differentiated habitats based on historical baseline established in the framework of 

WFD and MSFD (Table II.6.2.10).  

Several benthic biotic indices have been proposed to be used as ecological indicators in 

estuarine and coastal waters. One such indicator, the AZTI Marine Biotic Index (AMBI), was 

designed to establish the ecological quality of European coasts (Muxika et al. 2005; Borja et 

al. 2004; Van Hoey et al. 2010). 

The AMBI has been used also for the determination of the ecological quality status (EQS) 

within the context of the European Water Framework Directive. 

In this case we have used this index for determination of EQS, the response of soft-bottom 

benthic communities to natural and man-induced disturbances in coastal environments. 

AMBI Index is calculated based on the proportions of five ecological groups (EG) to which the 

benthic species are allocated: EG I the disturbance-sensitive species (present under 

unpolluted conditions (initial state): selective carnivores, some deposit-feeding tube dwelling 

polychaetes), EG II the disturbance-indifferent species (present in low densities, non-

significant variations with time (from initial state, to slight unbalance), suspension feeders, 

less selective carnivores, scavengers), EG III the disturbance-tolerant species resistant to 

organic matter enrichment, EG IV the second-order opportunistic species (mainly small sized 

polychaetes: subsurface deposit-feeders) and EG V the first-order opportunistic species 

(deposit-feeders) (Fig. II.6.2.13). 

The formula for AMBI calculation:  

AMBI = ((0 * %GI) + (1.5 * %GII) + (3 * %GIII) + (4.5 * %GIV) + (6 * %GV))/100 

GI - EG I the disturbance-sensitive species, 

GII - disturbance-indifferent species, 

GIII - disturbance-tolerant species, 

GIV - second-order opportunistic species, 

GV - first-order opportunistic species. 
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Figure II.6.2.13. Criteria for establishing Ecological Conditions according to the WFD 

 

Reference/High status when the benthic invertebrate community is characterised by high 

species richness and diversity, high abundance, significant proportion of sensitive to pollution 

species (predators and filter feeders), and dominance of tolerant to organic enrichment 

species (surface deposit feeders), due to naturally mesotrophic conditions in the North-

Western Black Sea. 

Good status when the community is characterised by presence of sensitive to pollution 

species, although their relative proportion decreases. Indifferent species and tolerant to 

organic enrichment species become dominant in the abundance structure. 

Moderate status when a major functional shift in the community structure is evident, notable 

by the disappearance of the sensitive species. The indifferent species are still present. The 

tolerant species and the opportunists become dominant in the abundance structure. Richness 

and diversity decrease, while abundance is still high.  

Poor status when the indifferent species disappear as well. The abundance is distributed 

between only tolerant and opportunistic species, the latter being dominant. Richness and 

diversity are low. The abundance decreases as well.  

Using the above classification systems, the results for the diversity and biotic indices indicate 

Good Ecological Status (GES) in case of four of the benthic habitats investigated (Infralittoral 

sand, Circalittoral coarse sediments, Circalittoral mixed and Offshore circalittoral mixed 

sediments), hence they do meet the MSFD requirements for achieving good environmental 

status with respect to the macrozoobenthos (Table II.6.2.11 and Fig. II.6.2.14).  

Two benthic habitats under plume area influence Circalittoral terigenous mud and Circalittoral 

mud did not meet the MSFD requirements for achieving GES. Both of them are under influence 

of freshwater inputs and high rate of sedimentation of Danube and Dnieper. Therefore these 

habitats can not be considered in not GES but rather as a mirror of the peculiar natural state 

of the area.       
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Table II.6.2.10. Ecological status classification system based on diversity and biotic indices 

of macrozoobenthos at Ukrainian part 
S-species richness (Reference conditions) (Todorova et al., 2013 and Expert judgment), H’ - Shannon-Wiener 

community diversity index (Todorova et al., 2013 and Expert judgment), AMBI - AZTI Marine Biotic Index (Borja 

et al., 2000), M-AMBI - multivariate AMBI (Muxica et al., 2005), proposed for the WFD and MSFD. 

WFD High Good Moderate Poor Bad 

Habitat Diversity and biotic indices      

Infralitoral sand with Chamelea 
gallina 

S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Circalittoral terigenous mud with 
Melinna palmata 

S ≥ 40    < 10 

H’ ≥ 3.3 2.5-3.3 1.8-2.5 1.1-1.8 < 1.1 

Circalittoral coarse sediments with 
Mytilus biogenic reefs and sciaphilic 
algae 

S (expert judgment) ≥ 50    < 10 

H’ (expert judgment) ≥ 4.5 3.5-4.5 2.5-3.5 1.1-2.5 < 1.1 

Offshore circalittoral mixed sediments 
with Modiolula phaseolina 

S ≥ 35 22-35 19-22 12-19 < 9 

H’ ≥ 3.9 2.7-3.9 2.1-2.7 1.3-2.1 < 1.1 

All  AMBI ≤1.2 1.2  - 3.3 3.3  - 4.3 4.3  - 5.5 5.5  - 6.0 

All M-AMBI ≥ 0.85 0.55-0.85 0.39-0.55 0.2-0.39 <0.20 

IQI  >0.80 0.65-0.8 0.43-0.65 0,2-0,43 <0,2 

MSFD GES Non - GES 

 

Table II.6.2.11. Ecological status (ES) of macrozoobenthos in the Ukrainian region of the 
Black Sea according to average diversity and biotic indices in 2017 

Benthic habitats Stations Depth, m S H` AMBI M-AMBI Overall ES 
MSFD 
Ecological 
status 

Infralittoral coarse and sand 
sediments with Chamelea 
gallina 

St. No.2w 
(NPMS)  

25 3.29 2.31 0.67 Good 

 

GES - good 

 

St. No.5w 

(NPMS)  
32 3.91 1.5 0.82 Good 

St. No.3w 

(NPMS)  
7 1.67 0.76 0.52 Moderate 

St. No.1w 

(NPMS)  
18 2.9 1.65 0.64 Good 

St. No.4w 
(NPMS) 

 13 1.87 1.87 0.5 Moderate 

Circalittoral terrigenous 
mud with Melinna palmata 

St. No.1B  

(JOSS) 
28.9 15 1.83 2.59 0.47 Moderate 

Non – GES/ 

Not good St. No.1 

(JOSS) 
25.3 14 2.09 2.47 0.49 Moderate 

Circalittoral mud with Abra, 
Pitar, Spisula, 
Acanthocardia and Nepthys 
(under riverine input 
influence) 

St. No.1A 

(JOSS) 
23 11 1.93 4.93 0.3 Poor 

Non – GES/ 

Not good St. No.1C 

(JOSS) 
21.5 28 2.53 4.31 0.5 Moderate 

Circalittoral coarse 
sediments with Mytilus 
biogenic reefs and 
sciaphilic algae 

 St. No.11ph 

(NPMS) 
 38 4.16 2.41 0.83 Good 

GES/Good 
St. No.10ph 

(NPMS) 
 49 3.92 2.29 0.88 High 

St. No.4ph 

(NPMS) 
 41 3.48 2.44 0.78 Good 
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Benthic habitats Stations Depth, m S H` AMBI M-AMBI Overall ES 
MSFD 
Ecological 
status 

Circalittoral mixed 
sediments 

St. No.6w 

(NPMS) 
 32 3.33 2.66 0.7 Good 

GES/Good 
St. No.7w 

(NPMS)  
16 3.56 1.77 0.67 Good 

St. No.9ph 

(NPMS) 
 19 3.37 1.8 0.67 Good 

Offshore circalittoral mixed 
sediments with Modiolula 
phaseolina 

St. No.2 

(JOSS) 
53 41 4.08 1.48 0.9 High 

GES/Good 
St. No.3 

(JOSS) 
62 33 4.03 1.94 0.86 High 

 

 

Figure II.6.2.14. Ecological status (ES) of benthic habitats in the Ukrainian region according 
to AMBI and M-AMBI (NPMS JOSS, 2017) 

 

The graphical representation of values of multimetric indices on each station differs between 

AMBI and M-AMBI due to computation mode. Thus, AMBI takes into consideration the 

proportion of species within each Ecological Group (EG) in relation with their sensitivity to 

pollution, while M-AMBI besides these categories (AMBI) integrates also two other indices: 
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diversity (H’) and species richness (S). Based on this, AMBI will always differentiate the stations 

nearby rivers’ mouth, characterised by high sedimentary and pollutant inputs. In most cases, 

as it is the Dnieper’s rivers example, the opportunistic and tolerant species will dominate as 

abundance as well as biomass (these species are called also indicator species because reflect 

the environmental conditions). Taxa like Melinna palmata (EG - III), Abra nitida (EG - III), 

Heteromastus filiformis (EG - IV), and Oligochaeta g.sp. (EG - V), living on muddy substrate of 

terrigenous origin are good example for this type of habitat (St. No. 1A`, 1C). The proportion 

of this four taxa amount of 72% of total abundance. 

The high ecological status according to AMBI assesement of the station 3w and 5w is due to 

high abundance of EG - I species Chamelea (DAVG - 1,194 indv.m-2). 

However, we point out to the necessity of paying more attention to species classification in 

ecological groups. For the Black Sea, this should take into account the habitats’ peculiarities. 

Therefore, inclusion of the above dominant species in one or other ecological category should 

be reconsidered using statistical tools or based on experts’ judgement. As for example, we 

rather deem M. palmata more suitable for the EG IV (Fig. II.6.2.15). 

 

Figure II.6.2.15. Distribution map of AMBI values and ecological status of habitats on the 
Ukrainian shelf in 2017 (NPMS JOSS) 

The diversity played a major role in M-AMBI assesement wich is reflecting in the changes seen 

on the map below. The M-AMBI shows more acurrate the quality status found in stations 1 
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and 1B, where Melinna dominated in proportion of 63% and 57%, respectively (Fig. II.6.2.16). 

The major changes were done for sandy habitat with Chamelea (St. No. 3w, 5w), which usually 

do not attains high biodiversity. For this reason the status was changed to good and moderate 

comparative with AMBI. The station 10ph was the only one put into High Ecological Status due 

to the massive presence of sensitive selective feeding species (especially crustaceans and 

polychaetes) (Fig. II.6.2.16). As well the offshore mixed habitat fall into high ecological status 

due to natural low or antropogenic impact and relative constant environmental conditions.  

In many cases, the substrate type is a proxy for estimation of habitat diversity. For example, 

the sedimentary habitats (muds) are usually rich in in fauna (especially small polychaets, 

oligochaets) (see St. No. 1A`, 1C, 1B, 1) but less diverse than the substrate consisting of shells 

aglomerations (debris) with macroalgae on top (surface), which are full of crustaceans and 

predator polychaets, as for example the central part of the North Western Ukrainian Shelf (St. 

No. 4ph, 9ph, 10ph, 11ph). 

 

Figure II.6.2.16. Distribution map of M-AMBI values and ecological state of habitats on the 
Ukrainian shelf in 2017 (NPMS JOSS) 
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6.2.2 Trophic indexes assessing benthic community condition and functionality (feeding 
type) 

The disturbance-indifferent species to excess organic matter enrichment had the highest 

share (up to 70%) whitin the community. The sensitive species were present in 12% of total 

number of stations. The tolerant and opportunistic species were met in 17% of total number 

of stations, especially concentrated in plume area. The species that collect their food from 

surface of substrate dominated by number in community in almost all habitats. The highest 

biomasses were reached by the suspension feeders constituted of the engineering molluscs 

(Mytilus, Chamelea, Abra, Anadara, Modiolula and Spisula). Other feeding groups such as the 

deposit/suspension feeders (Ampelisca diadema, Aonides paucibranchiata, Melinna palmata, 

Prionospio multibranchiata, Spio decorata), deposit feeders (Heteromastus filiformis, 

Oligochaeta g.sp., Capitella “capitata”) and predators (Nephtys hombergii, Pholoe inornata) 

holded up great abundances. The coarse sediments support a great diversity of 

brazing/grazing crustaceans (Fig. II.6.2.17).  

 

Figure II.6.2.17. Proportion of different feeding type of species in each habitat on the 
Ukrainian shelf of the Black Sea, 2017 (NPMS JOSS) 
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II.6.2.4.2. Georgian region 

Descriptor 1 

1.4. Habitat distribution 

Infralitoral sand sediments with Lentidium mediterraneum. Lower limit of this habitat was 

found in Green Cape area (Station N1) at 5.5 m depth which marks the end of typical shallow 

infralittoral habitat and the beginning of the infralittoral sand with Chamelea.     

Infralittoral muddy sand with Heteromastus, Bittium and Micronephthys habitat is 

characteristic to areas undergoing terrigennous input influence, which determine selection 

and forming of peculiar habitats. This type of habitat has been identified in station N2, as 

result of riverine and Batumi Port influence, which bring sediments loaded with organic 

matter. 

Infralittoral rock with biogenic reefs with mytilidae and photophilic algae. In the study region 

the natural rocky bottoms habitat stretches on to maximum 3 km along the coast in Sarpi and 

Green Cape location.  

 

1.6. Habitat condition 

1.6.1 Species state and communities  

Infralitoral sand sediments with Lentidium mediterraneum. The macrobenthic fauna of this 

habitat was constituted of 34 taxa, in majority (84.5%) belonging to Mollusca. The mean 

abundance of the macrozoobenthic populations was 2,819 indv.m-2 and 93.3 g.m-2 as biomass. 

Characteristic and dominant species of this habitat were bivalves Lentidium mediterraneum 

with about 78% of total abundance and biomass. The associate species of sandy habitat was 

represented by Ampelsica diadema, Micronephthys stammeri and Pseudocuma longicorne 

with average abundance of 62.7 indv.m-2.  

Indicators: Density (ind.m-2) and Biomass (g.m-2) (Table II.6.2.12). 

Table II.6.2.12. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 

from Infralittoral sand with Lentidium habitat 

Indicators MSFD D1 1.2.1 1.2.1 

Dominant species 
Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Lentidium mediterraneum 2,190 72.97 

Ampelisca diadema 54 0.097 

Micronephthys stammeri 59 0.057 

Pseudocuma longicorne 75.3 0.204 

 

Infralittoral muddy sand with Heteromastus, Bittium and Micronephthys. There were 38 taxa 

was found. The mean abundance of the macrozoobenthic populations was 2,338 indv.m-2 and 

99.7 g.m-2 as biomass. The dominant sensitive species was Bittium reticulatum with 28% of 
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total abundance. The other engineering species of this habitat were indifferent and 

opportunistic species of annelida such as Heteromastus filiformis, Micronephthys stammeri 

and Oligochaeta with about 47% of total abundance and 6 % of total biomass. The associate 

species of muddy sand habitat was represented by Bittium submammilatum, Prionospio 

multibranchiata and Nepthys hombergii with average abundance of 94 indv.m-2.  

Indicators: Density (ind.m-2) and Biomass (g.m-2) (Table II.6.2.13). 

Table II.6.2.13. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 

from Infralittoral muddy sand with Heteromastus, Bittium and Micronephthys habitat 

Indicators MSFD D1 1.2.1 1.2.1 

Dominant species 
Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Bittium reticulatum 665 3.86 

Heteromastus filiformis 554 3 

Micronephthys stammeri 239 2.68 

Infralittoral rock with biogenic reefs with mytilidae and photophilic algae. The macrobenthic 

fauna of this habitat was constituted of 40 species, in majority (39%) belonging to Mollusca. 

The mean abundance of the macrozoobenthic populations was 11,272 indv.m-2 and 2,000 g.m-

2 as biomass. Characteristic and dominant species of this habitat were bivalves 

M.galloprovincialis, M.lineatus and P.ullyssiponensis with about 88% of total abundance and 

96 % of total biomass. The associate species was represented by Nereis zonata and Hyale 

pontica with average abundance of 152 indv.m-2.  

Indicators: Density (ind.m-2) and Biomass (g.m-2) (Table II.6.2.14). 

Table II.6.2.14. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 

from Infralittoral rock with biogenic reefs with mytilidae and photophilic algae. 

Indicators MSFD D1 1.2.1 1.2.1 

Dominant species 
Average Density 
(ind.m-2) 

Average Biomass 
(g.m-2) 

Mytilus galloprovincialis  968 595 

Mytilaster lineatus 3,932 1,129 

Sabellaria taurica 5,230 10 

Patella ulyssiponensis 322 229 

Nereis zonata  914 7 

Hyale pontica    175 0.39 

 

Descriptor 6 

6.2 Condition of benthic community 

6.2.2 Multi-metric indexes assessing benthic community condition and functionality 

(Species richness, Shannon, AMBI and M-AMBI) 

Using the above classification systems, the results for the diversity and biotic indices 

presented in Table II.6.2.15 and II.6.2.16 indicate Good Ecological Status (GES) for almost all 

benthic habitats investigated, hence they do meet the MSFD requirements for achieving good 

environmental status (GES) with respect to the macrozoobenthos. But, due to insufficient 
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spatial coverage of sampling of the existing habitats on the Georgian shelf the results has a 

local application and should not to be taken as valid for the entire area.  

The actually method of intercalibration used by the European Union is not suitable for 

comparing the results obtained with all the water bodies studied. Because some 

inconsistencies in the classification have been detected, the metrics require further validation 

for better understanding of the community response to different natural and/or 

anthropogenic pressures. 

Table II.6.2.15. Ecological state classification system based on diversity and biotic indices of 

macrozoobenthos at Georgian part 

AMBI - AZTI Marine Biotic Index (Borja et al., 2000), M-AMBI - multivariate AMBI (Muxica et al., 2005), proposed 

for the WFD and MSFD. 

WFD High Good Moderate Poor Bad 

Habitat 
Diversity and 
biotic indices 

     

All AMBI ≤ 1.2 1.2 - 3.3 3.3 - 4.3 4.3 - 5.5 5.5 - 6.0 

All M-AMBI ≥ 0.85 0.55 - 0.85 0.39 - 0.55 0.2 - 0.39 < 0.20 

MSFD GES Non - GES 

Infralitoral sand sediments with Lentidium mediterraneum 

According to AMBI’s quality status assessment the Green Cape is in GES due to dominance of 

sensitive (EGI) and indifferent species (EGII) in all months analysed. From these EGs were 

present the bivalve Lentidium mediterraneum (average 78% dominance after abundance), the 

amphipod Ampelisca diadema, the cumacean Pseudocuma longicorne and the polychaet 

Micronephthys stammeri. Comparative with the samples collected in May, in the stations N1/3 

and N1/4 (August and September), there were ocassionaly found disturbance tolerant and 

opportunistic species such as Polydora cornuta, Corophium sp. and Microspio 

mecznikowianus.  

The M-AMBI’s assessment results also showed a high quality status (GES) due to low AMBI’s 

value (Table II.6.2.16). Concluding, we may say that the Green Cape area is quite pristine, with 

a high biodiversity potential (28 typical species).  

Infralittoral muddy sand with Heteromastus, Bittium and Micronephthys.  

The species from the EGI (36%) dominated the macrozoobenthic community structure during 

the entire sampling period (Fig. II.6.2.18). Thus, overall assessment of environmental quality 

based on AMBI indicates a high status. Anyway, the presence of muddy habitat within the port 

aquatorium (possibly polluted with organic matter) and the river influence favour thriving of 

abundant communities of polychaets such as Heteromastus filiformis, Prionospio 

multibranchiata and oligochaets, from the EGIV (28.2%) and EGV (14.6%) ecological groups, 

which show rather a slightly disturbed environment. Bittium species (2 species) represent the 

exception among the other species due to its status of sensitive. We consider this as being a 

particular condition of the area that needs further investigation.  

The high ecological status according to AMBI is confirmed by the M-AMBI, which places this 

habitat within the GES due to higher diversity of the area (H’ - 3.6). 
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Figure II.6.2.18. Proportion of the ecological group’s in the soft bottom benthic community 
on the Georgian coastal stations of the Black Sea (Batumi port and Green Cape), 2017 

 

Should be noted that the assessment of ecological status using multimetric indices such as 

AMBI and especially M-AMBI needs increasing of sampling effort for each habitat, especially 

when it has a wide spread. A small number of samples within such habitat with various 

substrates or intensity of different ecological pressures is unlikely to properly manage to 

produce a correct assessment (Fig. II.6.2.19).  

 

Figure II.6.2.19. Ecological status (ES) of benthic habitats in the Georgian region  
according to M-AMBI 
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Table II.6.2.16. Ecological status (ES) of macrozoobenthos in the Georgian region of the Black 
Sea according to average diversity and biotic indices in 2017 

Benthic Habitat Stations Depth, m S H` AMBI M-AMBI Overall ES 
MSFD 
Ecological 
status 

Infralitoral sand with Lentidium 
mediterraneum 

St. No.N1  28 1.51 1.56 0.79 Good 
GES/ 

Good 

Infralittoral muddy sand with 
Heteromastus, Bittium and 
Micronephthys 

St. No.N2  32 3.04 2.5 0.93 Good 
GES/ 

Good 

* A better sampling strategy (spatial coverage) must be conceived for the future in order to properly assess the quality of the 

habitats. However, at this moment, I recommend the results of assessment to be treated with caution. 

 

Infralittoral rock with biogenic reefs with mytilidae and photophilic algae.  

An attempt to evaluate the quality status of the two stations collected within the infralittoral 

rock was made based on the univariate values indices. The diversity was very low (H’ <2), the 

maximum number of species being found in April (10), once the weather became warmer 

(Table II.6.2.17). The dominant species were the molluscs (Mytilus galloprovincialis, Mytilaster 

lineatus and Patella ulyssiponensis) followed by the amphipod Hyale pontica and the 

polychaet Nereis zonata, also typical species for the rocky substrate. The environmental 

quality of the area could be considered in good status/GES.  

Note: Patella ulyssiponensis is a protected species found in the Red List of the Black Sea. We 

recommend its collection even for scientific purpose to be done precautiosly. The individuals should 

be released back in the place of collection without damaging.  

Table II.6.2.17. Univariate values indices of rocky bottom stations on the Georgian coastal 
area, 2017 

Stations 
No. of 
species 

Density 
indv.m-2 

Biomass g.m-

2 
Species richness 
Margalef 

J' (Pielou's) 
H'(loge
) 

Sarpi 26 10,481 1,301 2.7 0.51 1.68 

Green cape 31 11,618 2,748 3.2 0.54 1.86 

 

 Conclusions 

• Ten distinct benthic habitats have been identified based on the results of NPMS GE 

and NPMS UA; 

• In the period the survey had been conducted, the investigated area was assessed as 

being in a Good Environmental Status (GES); 

• The ratio (%) of GES/not GES was 80:20 in Ukrainian region. In Georgian region, in both 

soft bottom (Green Cape and Batumi Port) and rocky stations, the environmental 

status of habitats was 100% in GES. In Ukraine, on the other hand, the current 

assessment of habitats under strong riverine influence (Dnieper) revealed a bad 

ecological status, which might be misleading. The multivariate indices used (AMBI, M-

AMBI) for ecological quality assessment are very sensitive to tolerant and 
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opportunistic species. These species are dominant in habitats undergoing high inputs 

of terrigenous sediments. For this reason, in spite that a chemical pollutant might not 

be detected, the ecological status assesed with AMBI or M-AMBI would be BAD. 

Surprisingly, in Batumi Port, the ecological status was in GES in spite of intense 

anthropogenic influence in the area. We assume that the abundance of EGI species of 

genus Bittium had a major contribution at improving the overall quality status of the 

area.  

• Should be stressed on necessity of increasing the competence on samples collection 

and analysis (taxonomic expertise), which weighed much in the quality of the results 

obtained. 

• The taxonomic expertise, especially on some important benthic groups (Polychaeta) is 

still deficient, as was seen after verification of results provided by the Georgian 

partner. 

• The multivariate indices AMBI and M-AMBI proved to be reliable tools suitable for 

assessment of environmental status of the investigated habitats. It can be used to 

assess GES at various spatial scales (from station to habitat or ecosystem).  

 Gaps 

- Lack of reference/baseline conditions; 

- Lack of common thresholds for uni- or multivariate indices used for ecological quality 

assessment; 

- Lack of taxonomic expertise of macrozoobenthos specialist involved in sample analysis.  

 Recommendations 

- Need for combining in situ sampling, accoustic backscatter and habitats modeling. This 

would help to better assess the habitats size distribution (one of the MSFD 

requirements); 

- Better coordination of monitoring efforts at national and sub-regional level in order to 

take advantage of shared infrastructure and expertise; 

- Inter-calibration/comparison of the taxonomic expertise and the methodological 

standards in order to achieve comparable results between the countries in the Black 

Sea region under MSFD reporting in the future; 

- Common methodology for the Black Sea region for identification and classification of 

benthic habitats for elaboration of habitats distribution maps and planning of 

monitoring activity within each type of habitats;  

- Set the reference values for good environmental status based on historical data 

(statistical analysis of time series data and selection of best threshold values) or on 

expert judgement. 
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II.6.3. Macrophytobenthos 

State of macrophytobenthos communities of Zernov’s Phyllophora Field correspond to 
expedition data findings within the National Pilot Monitoring Studies of Ukraine, 2017 

 

G. Minicheva1, I. Tretiak2 

1IMB NAS Ukraine 

2UkrSCES 

 

 Introduction 

Including in the program of expedition studies of National Pilot Monitoring Studies of Ukraine 

the Zernov’s Phyllohora Field (ZPF), which is a unique accumulation of red algae on the 

northwestern shelf of the Black Sea (NWBS), is a strategically important component for the 

task of improving the monitoring of the Black Sea. Of all the macrophyte species inhabiting 

the Black Sea, algae from the genus Phyllophora Grev. has the highest degree of ecological 

vulnerability, as they are characterized by the lowest ecological activity coefficients for aquatic 

vegetation in the Black Sea (about 10 m2. kg-1). In this case, accumulations of red algae that 

form biocenoses with numerous hydrobionts inhabit the most anthropogenously loaded part 

of the Black Sea, which is affected by the runoff of three large European rivers -  the Danube, 

Dniester and Dnieper. Thus, the macrophytobenthos ZPF is the most sensitive indicator for 

monitoring, which can be used to judge not only NWBS, but also about all ecosystem of the 

Black Sea (Minicheva, 2007). 

The NWBS is a unique part of the Black Sea ecosystem and includes an area covering 20 000 

km2 with small 30-60 m depths. Hard substrate and minimum annual temperature variability 

(6-10ºC) create the conditions for the intense development of hydrobionts. Organic matter 

entering from the runoff of three large rivers – the Danube, Dniester and Dnieper is deposited 

in the sea bed acting as a sink. All of these factors led to the accumulation of large aggregations 

of genus Phyllophora Grev. (Species - Phyllophora crisp and Coccotylus truncates) in the area. 

The first aggregations were recorded in April 1909 by Academician S.A. Zernov which were 

named in his honour as the Zernov’s Phyllophora Field. The area estimated was approximated 

by most authors up to the mid 1950s as an area of 10 000 km2 (Zernov, 1909; Voronikhin, 

1909; Meyer,1937). The most accurate area of ZPF was received by Schapova in 1951-1952 – 

14 850 km2 (Schapova, 1954) and by Kalugina, in 1966 – 10 925 km2 (Kalugina, Lachko, 1966). 

At that time, the average values of the macrophyte biomass made up 1.5-2.0 kg.m-2 while 

maximum exceeded 10 kg.m-2. The total phyllophora stock for this period was 10 million tons. 

Intense eutrophication from man-made sources, which from the early 1970s spread over the 

NWBS for decades, changed the rate of production processes, and drastically the structural-

functional organization of the communities in the ZPF (Zaitsev, Alexandrov et al.,2006). In this 

period a marked reduction in the development of phyllophora was noted, and towards the 

1970s its stock fell to 1.4 million tons (Kaminer, 1981). In the late 1980s the average 

phyllophora biomass was only a few hundred grams per square meter of sea bottom and the 
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total stock fell to 0.3 million tons (Stroganov, Gordeeva, 2000). It is known that at present the 

inhibition of macrophytes in the ZPF has been attributed to reduction of water transparency 

on the NWBS (Belyaev, 1993), which is the reason for the changes in the ambient physical and 

biological parameters, as a result of the rise in the level of suspended matter and 

phytoplankton blooms. 

At the beginning of the new millennium, the restoration of phytocenoses of the ZPF was 

marked. This processes expressed in the increase of floristic composition and in the 

improvement of the state of the Phyllophora populations, especially in inhabiting the shallow 

depths (15-25 m) for population Cocotylus truncatus (Minicheva, et al. 2009). However, now, 

the filamentous forms of algae continue to predominate in the phytocenoses of the ZPF on 

the rise of secondary eutrophication (the intake of organic compounds from the soft 

sediments of the shelf). Thanks to the goals of the EMBLAS project, for the first time, 

morphofunctional indicators for phytocenoses of ZPF were proposed as the Ecological 

Qualitative Element based on which the Ecological Status Class of the central part of NWBS 

could be assessed. 

The purpose of this report is to estimate spatially and temporally the state of phytocenoses 

of ZPF and determine its Ecological Status Class in 2017, compare it with the level of 2016 

(according to the EMBLAS 2016 Scientific Report data) and prepare analysis of long-term 

changes. 

 

 Materials and methods 

For the analysis in this report was used macrophytobenthos material obtained at the ZPF (St. 

No. 4, 9, 11) (Fig. II.6.3.1.) using the catamaran «AUGUSTE PICARD» in April, July and August 

2017, in expeditions carried out by UkrSCES (Ukraine). 

 

Figure II.6.3.1. Sampling stations on ZPF in 2017 
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The macrophyte samples were taken by divers, using the underwater visual assessment 

methods approved by the Black Sea Ecological Commission (Minicheva et al., 2015). For 

analyses were used 52 samples collected from four station from different parts of ZPF (Fig. 

II.6.3.1). The UkrSCES expert Irina Tretyak performed the initial treatment of the samples. 

Table II.6.3.1.  The volume of macrophytobenthos materials from ZPF in 2017. 

Site sampling Substrate 
Depth, 
m 

Data 

sampling 
(macrophyte 
season) 

Sampling 

tool 

Number of 
samples 

Water 
temperature at 
the bottom, °С 

Tran-
sparency, 
m 

Western 

part of 

ZPF 

(St. No.4) 

Shell 

 
19,0 

13.04.2017 Frame 0,04m2 5 5.42 8,0 

11.07.2017 Frame 0,04m2 5 11.0 4,0 

17.08.2017 Frame 0,04m2 4 12.4 7,0 

Central part of 

ZPF (St. No.9) 

Shell 

 
37,0 

12.04.2017 Frame 0,04m2 5 5.83 10,5 

11.07.2017 Frame 0,04m2 5 8.17 4,5 

17.08.2017 Frame 0,04m2 1 8.4 7,5 

Central part of 

ZPF (St. 
No.10) 

Shell 

 
25,0 

11.04.2017 Frame 0,04m2 5 5,00 8,0 

10.07.2017 Frame 0,04m2 5 8.71 6,0 

18.08.2017 Frame 0,04m2 5 8.8 7,0 

North part of 
ZPF (St. 
No.11) 

Shell 

 
30,0 

11.04.2017 Frame 0,04m2 5 6.43 7,0 

10.07.2017 Frame 0,04m2 3 9.19 4,0 

18.08.2017 Frame 0,04m2 4 8.4 7,0 

For macrophytobenthos processing was used the manual “Black Sea Monitoring Guideline: 

Macrophytobenthos” which was prepared within the EMBLAS-I project (Minicheva et al., 

2015).  Experts, who have provided material for this report received a thorough evaluation of 

their performance during the three intercomparison exercises carried out within the EMBLAS-

II project.  

From 22 macrophytobenthos indicators recommended for the Black Sea Monitoring 

(Minicheva et al., 2015), in the given report 9 indicators were analysed (Table II.6.3.2).  

Table II.6.3.2.  List of macrophytobentos indicators recommended for Black Sea Monitoring 

(Minicheva et al., 2015) and indicators analysed in this report (grey color).  

No Indicators name Index, Unit 

Qualitative  (State Indicators) 

1. Community  diversity Number of species, Number of taxonomic group  

2. Status of key species 
Systematic, saprobe status, Red Data Book status, long live 
cycle (perennial, ephemeral)   

3. Tthreatened species Number, status 

4. Disappear species  Number, status 

5. Invasive species  Abundance, Cover, Biomasses, Distribution map 

6. Recovered species Cover, Biomass, Distribution map 

7. Returning species Cover, Biomass, Distribution map 

Quantitative (Response Indicators) 

8. Changes of lower depth distribution limit of macrophytes  m (for last specimen with min. 10% coverage) 

9. Changes of coverage bottom by macrophytes Percent coverage of bottom 

10. Biomass of community (on meadow, average) kg.m-2 

11. Trends of Phytocoenoses Surface Index ( SIph) units 

12 Biomass and abundance of dominant  species kg.m-2 
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No Indicators name Index, Unit 

13. Age and size structure of  dominant  species Distribution diagrams  of classes 

14. Trend of ecological activity (S/Wp) of replaces dominants m2.kg-1 

15. Biomass and abundance of key species kg.m-2 , n.m-2 

16. 
Production and stock of commercial macro algae and sea 
grasses 

kg.m-2.year-1, tone per investigate area  

17. 
Ratio of opportunistic and perennial macroalgae 
(biomass) 

 % 

18 Ratio of above-and belowground biomass of seagrasses  % 

Ecological Evaluation Index 

19. Three dominants activity ( S/W3Dp) 
m2.kg-1  , classification scheme for 5 Ecological Status 
Classes correspond to MSFD 

20. Community activity (S/Wxcom) 
m2.kg-1,  classification scheme for 5 Ecological Status 
Classes correspond to MSFD 

21. Phytocoenoses Surface Index ( SIph) 
Units, classification scheme for 5 Ecological Status Classes 
correspond to MSFD 

22.  

Ecological Status Groups (ESG) 

ESG I, (k-selected species), (IC, IB, IA);  

ESG II, (r-selected species), (IIB, IIA). 

% - ratio between species of  ESGI and ESGII, classification 
scheme for 5 Ecological Status Classes correspond to MSFD 

 

Corresponding to the requirement of MFSD for assessment of the ecological status class 

(ESC) the thee morphofunctional indicators of macrophytes were used (see Table II.6.3.2, 

position 19-21). Analyses of the national’s empirical data show necessity of the correction 

for the indicator: Community activity (Average Species Ecological Activity, S/Wx, m2∙kg-1). To 

avoid the technically difficult problem of connection with determining the total floristic 

composition of macrophytobenthos, it is proposed to calculate the average value of the 

populations specific surface (S/Wp), and only for those species whose biomass exceeds 0,001 

kg. m-2. 

For assessment of the categories of ESC on the basis of morphofunctional organization of 

macrophytes communities the classification scheme for coastal and shelf Black Sea habitats 

with salinity 12-17 ‰ was used (Minicheva et al., 2015) (Table II.6.3.3). 

Table II.6.3.3. Classification scheme of macrophytes morphofunctional Ecological 
Evaluation Indices (EEI) for assessments of the Ecological Status Class (ESC) for Black Sea 
costal and shelf habitats with salinity 12-17‰. 

ESC  EEI range 

(S/W)
3Dp,   

 m2.kg-1 

EQR (S/W)x , 

m2.kg-1 

EQR SIph  , 

 units 

EQR 

High (S/W)
3Dp

 < 15 ≥ 0.82 (S/W)x  < 60 ≥0.98 SIph  < 25 ≥ 0.95 

Good 15 ≤ (S/W)
3Dp

 
  
≤ 30 0.54 60 ≤ (S/W)x  ≤ 80 0.79 25 ≤ SIph ≤ 40 0.84 

Moderate 31 ≤ (S/W)
3Dp

 
  
≤ 45 0.37 81 ≤ (S/W)x ≤ 120 0.58 41 ≤ SIph ≤ 55 0.68 

Poor 46 ≤ (S/W)
3Dp

 
  
≤60 0.25 121 ≤ (S/W)x ≤200 0.17 56 ≤ SIph ≤90 0.15 

Bad (S/W)
3Dp

 
  
> 60 ≥0 (S/W)x  > 200 ≥0 SIph > 90 ≥0 
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 Results and discussion 

Spatially temporal dynamics in 2017  

The 30 species of macrophytes (Chlorophyta – 6; Ochrophyta – 6; Rhodophyta – 18) registered 

on the monitoring sites of ZPF under the three expedition in April, July and August 2017 with 

ecological activity from 12 to 686 (m2∙kg-1) (Table II.6.3.4).  

Table II.6.3.4. Temporal changes in the floristic composition of macrophytobenthos of ZPF 
and their ecological activity (S/Wp). 

№ Floristic composition S/Wp, m2∙kg-1 
Month of sampling 

April July August 

Chlorophyta 

1. Bryopsis hypnoides J.V.Lamouroux, 1809 72,8 ± 2,9 - - + 

2. Cladophora liniformis Kützing, 1849 88,1 ± 3,4 - + - 

3. Cladophora vadorum (Areschoug) Kützing, 1849 80,2±3,3 + - + 

5. Ulvella lens P.L.Crouan & H.M.Crouan 603,6± 57,3 - + - 

6. Ulvella leptochaete (Huber) R.Nielsen, C.J.O'Kelly & B.Wysor, 
2013 = Ectochaete leptochaete 

427,2 ± 21,5 - + - 

Ochrophyta 

1. Ectocarpus siliculosus (Dillwyn) Lyngbye, 1819 123,1±4.8 + + + 

2. Feldmannia irregularis (Kützing) G.Hamel, 1939 172,9±4.1 + + + 

3. Myriactula rivulariae (Suhr ex Areschoug) Feldmann, 1937 451,7 ± 19,2 + - - 

4. Sphacelaria cirroza (Roth) C.Agardh, 1824 95,0 ± 1,8 - - + 

5. Sphacelorbus nanus (Nageli ex Kützing) Draisma, 
Prud'homme & H.Kawai, 2010 = Sphacelaria nana = 
Sphacelaria saxatilis 

289,0 ± 6,9 + + + 

6. Striaria attenuata (Greville) Greville, 1828 37,07±1.3 + + + 

Rhodоphyta 

1. Acrochaetium microscopicum (Nägeli ex Kützing) Nägeli, 1858 
= Kylinia microscopica 

224 ± 7,7 + - - 

2. Acrochaetium secundatum (Lyngbye) Nägeli, 1858 = Kylinia 
secundata = Kylinia virgatula 

270,8 ± 6,1 + + + 

3. Antithamnion cruciatum (C.Agardh) Nägeli, 1847 198,2 ± 16,7 + + + 

4. Ceramium diaphanum var. elegans 26,2 ± 1,2 - + + 

5. Coccotylus truncatus (Pallas) M.J.Wynne & J.N.Heine, 1992 12,84 ± 0,8 + + + 

6. Colaconema hallandicum (Kylin) Afonso-Carillo, Sanson, 
Sangil & Diaz-Villa, 2007 = Kylinia hallandica 

270,8± 6,3 - - + 

7. Colaconema thuretii (Bornet) P.W.Gabrielson, 2000 =  
Acrochaetium thuretii 

398,4 ± 14,5 - - + 

8. Hydrolithon farinosum (J.V.Lamouroux) Penrose & 
Y.M.Chamberlain, 1993  =Melobesia farinosa  

236,5 ± 7,3 + + + 

9. Lophosiphonia obscura (C.Agardh) Falkenberg, 1897 92,9±4,2 + - + 

10. Lomentaria clavellosa (Lightfoot ex Turner) Gaillon, 1828 13,0± 1,17 + + + 

11. Phyllophora crispa (Hudson) P.S.Dixon, 1964 12,77± 0,6 + + + 

12. Pneophyllum confervicola (Kützing) Y.M.Chamberlain, 1983 = 
Melobesia minutula  

236,5 ± 7,3 + + + 

13. Pneophyllum fragile Kützing, 1843 = Melobesia lejolisii  236,5 ± 7,3 + + + 

14. Polysiphonia elongata (Hudson) Sprengel, 1827 60,0 ± 12,3 + + + 

15. Polysiphonia sanguinea (C.Agardh) Zanardini, 1840 84,3± 1,4 + + + 

16. Sahlingia subintegra (Rosenvinge) Kornmann = Erythrocladia 
subintegra 

686,3±40.1 + + + 

17. Spermothamnion strictum (C.Agardh) Ardissone, 1883 134,0±3,2 + + + 

http://www.algaebase.org/search/?genus=Feldmannia
http://www.marinespecies.org/aphia.php?p=taxdetails&id=157329
http://www.marinespecies.org/aphia.php?p=taxdetails&id=497046
http://www.marinespecies.org/aphia.php?p=taxdetails&id=157331
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№ Floristic composition S/Wp, m2∙kg-1 
Month of sampling 

April July August 

18. Stylonema alsidii (Zanardini) K.M.Drew, 1956 = Goniotrichum 
elegans 

280,6 ± 4,8 + - - 

Total species 21 20 23 

Sensitive species (S/Wp, m2∙kg-1 < 25) 3 3 3 

Tolerant species (S/Wp, m2∙kg-1 > 25) 18 17 20 

 

The key point for assessment of the ESC is the presence of the sensitive (S/Wp = 5-25 m2·kg-1, 

ESG I, k-species) and tolerant (S/Wp ≥ 25 m2·kg-1, ESG II, r-species) macrophytes in the floristic 

composition of macrophytobenthos communities.  Large, perennial species with low specific 

surface are indicators of the GES status of the marine environment.  Vice versa, a large number 

and biomasses of the small, finely branched species with high specific surface indicate a high 

intensity of   production process, high level of eutrophication and low categories of ESC. During 

all of the expedition periods in 2017, only three sensitive species (Phyllophora crispa, 

Coccotylus truncates, Lomentaria clavellosa) were recorded (see Table II.6.3.4). The fouling of 

sensitive species by tolerant species, which have more comfortable growth conditions under 

conditions of secondary eutrophication, is especially evident during the warm period of the 

year (July, August) (Fig. II.6.3.2). 
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Figure II.6.3.2. Fouling of sensitive species (Phyllophora crispa, Coccotylus truncates) by 
tolerant species (Polysiphonia sanguinea, Spermothamnion strictum) in the phytosenoses 

of ZPF in the summer period 
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In 2017 on ZPF, in all seasons and at all stations, the algae invasive species were not detected.  

Analysis of seasonal dynamics of floristic composition showed that the ratio of red 

(Rhodophyta), rown (Ochrophyta) and green (Chlorophyta) algae was almost unchanged 

except for the increase in the contribution of green algae from spring to summer (Fig. II.6.3.3). 

This corresponds to the well-known patterns of macrophytes development in the NWBS, with 

the increase of photosynthetically active radiation and water temperature, the development 

of green algae. 

  

 

Fig. II.6.3.3. Seasonal dynamic of floristic structure of the macrophytes  
on ZPF in different periods of 2017 

 

Analysis of phytoindicators seasonal dynamics showed, that all have a tendency to increase 

the values from April to August. The great increase of the values is characteristic of the 

biomass index, which on average increased in more than three times, from 0,459 to 1,889 

(m2.kg). Correspondingly, the morphofunctional indicator Surface Index (SI) which is 

associated with the biomass value also greatly increased by more than three times from 9 to 

32 (units). To a lesser extent, seasonal changes have the following indicators: ecological 

activity of floristic composition (S/Wp) and ecological activity of three dominants (S/W3Dp). This 

is because they depend on the floristic composition of communities, which are quite suitable 

indicators under conditions of large depths of ZPF. 
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Estimation of the ESC on the basis of morphofunctional indicators values demonstrates that 

during the period from spring to summer seasons, the categories of the ecological status of 

the marine environment may fall (example S/W3Dp, SI). However, this is associated with a 

seasonal change in the intensity of abiotic factors affecting the primary production processes, 

rather than anthropogenic impacts (Fig. II.6.3.4). 

  

  

Figure II.6.3.4. Seasonal dynamic of phytoindicators value and corresponding categories of 
ESC for macrophytobenthos in ZPF 2017 

 

The considerable area of ZPF determines spatial heterogeneity of its biotopes, related to 

quality of bottom sediments, depth, and by the degree of influence of river waters. For 

example, St. No. 11, which is located in the north part of ZPF, is under the strongest influence 

of river waters of Dnieper and Yuzhniy Bug. For this station, the least degree of average 

transparency is characteristic (see Table II.6.3.1). In phytocenoses this station is in the fouling 

by Phyllophora prevalent green filamentous algae. The St. No. 9, which is located in the central 

part of ZPF and thus characterising the deepest water monitoring point is dominated by the 

species from genus Phyllophora and phytofouling consist mainly of red filamentous algae (Fig. 

II.6.3.5).  
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Figure II.6.3.5. Spatial heterogeneity of ZPF biotopes 

In accordance with differences of biotopes quality of ZPF the indicators of phytocenoses have 

different values on the stations. Most distinctions were observed for the index of biomass. On 

the St. No. 9, where phyllophora prevails, it is having major size of fixed biomass, arriving at 

about two kg/m2 at the bottom. Small sizes of the filamentous fouling on the St. No. 11 

determine the minimum values of biomass - near a half of kg/m2 at the bottom (Fig. II.6.3.6.).  

Categories of ESC from the difference of morphofunctional indicators values also have 

considerable differences at the stations (see Fig. II.6.3.6). 

  

  

Figure II.6.3. 6. Values of different indicators of phytocenoses on the stations of ZPF 
(average value for period April-August 2017) 
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The high spatial and temporal dynamics of phytoindicators and, accordingly, the values of 

categories of ESC, forces us to use methodological methods that allow to assess the variability 

of various monitoring indicators. Indicators that have a high degree of seasonal and spatial 

variability are less suitable for an integrated assessment of such large objects as ZPF. To 

estimate variability of phytoindicators, the oscillation coefficient (VR,%) was used, which is 

calculated as the range of variation to the average value of the series expressed in percent 

(Vasnev, 2011). The calculations showed that the biomass and the related morphofunctional 

SI have a maximum degree of oscillation - more than 100% (Fig. II.6.3.7).  

This means that they react sensitively to both the seasonal change in factors and the natural 

different quality of the biotope. Indicators – S/Wx and S/W3Dp have an order of magnitude 

lower variability (see Fig. II.6.3.7), which depends from changes in seasonal factors. This is 

because these morphofunctional indicators are associated with the ecological activity of the 

floristic composition. Unlike the high seasonal and natural spatial variability of biomass, the 

floristic composition of communities is a stable indicator and can change under the influence 

of longtime anthropogenic factors. In this regard, for the integrated assessment of ESK of ZPF 

for the modern period the indicators:  S/Wx and S/W3Dp  were used. 

 

Figure II.6.3.7. The coefficient of oscillations (VR, %) of ZPF’s indicators (S/Wx, S/W3Dp, SI, 
Biomass) on St. No. 4, 9, 10, 11 in the period April-August 2017 

 

Comparison with the period 2016-2017 

For comparison of the results of monitoring of ZPF phytocoenoses in 2016 and 2017, the data 

of the EMBLAS Scientific Report for 2016 were use (see National Pilot Monitoring Studies and 

Joint Open Sea Surveys in Georgia, Russian Federation and Ukraine, 2016, II.4. 

Macrophytobenthos) as well as the results of macrophytobenthos survey of ZPF in April-

August 2017, presented in this report above. A positive methodological point in comparing 

the result is the repetition of St. No. 9 and St. No. 10 in 2016 and 2017. A negative aspect is 

the use of different methods of macrophytes sampling. In 2016, the material was obtained 

with using a Petersen bottom grab (random sampling). In 2017, with three surveys (April-

August), periphyton frames using divers (targeted sampling) took the samples. In this respect, 

the values of macrophytes biomass on ZPF in 2017 turned out to be an order of magnitude 

higher than in 2016 (Table II.6.3.5). In 2016, the average biomass of macrophytes on ZPF was 

tens of grams. In 2017, the average biomass of Coccotylus truncates and Phyllophora crispa 

about half a kilogram per m2 of bottom surface was estimated. The results of these two 
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surveys in the future can serve as a reference point for monitoring of the status of ZPF 

depending from he sampling method. Assessment of the ecological activity of populations 

(S/Wp m2·kg-1) and of the bottom coverage by macrophytes  (C,%) was carried out using similar 

methods. In this regard, the data of these indicators are comparable. It should be noted that 

there was no significant difference between these figures  between 2016 and 2017 (see Table 

II.6.3.5). 

Table II.6.3.5. Comparison of structural-functional organization of macrophytobenthos at 
ZPF in 2016 (May: St. No. 9, 10) and 2017 (April, July, August: St. No. 4, 9, 10, 11) 

Dominant 

species and algaecomplex 

Covering, % Average Biomass (max), kg.m-2 Ecological activity, 

S/Wp , m2·kg-1 

2016 2017 2016 2017 2016 2017 

Coccotylus truncatus (Pallas) M.J.Wynne 
& J.N.Heine 

5 5 0,019 (0,096) 0,464 (2,829) 13,7 12,84 

Phyllophora crispa (Hudson) P.S.Dixon 5 4-5 0,046 (0,156) 0,686 (6,014) 10,2 12,77 

Red, brown and green filamentous algae 50 50-70 0,033 0,028 150,5 177,5 

The low coefficients of oscillation for the S/Wx and S/W3Dp indicators (see Fig. II.6.3.7.) were 

basis for using their values in the integrated comparative analysis of the environmental status 

of the ZPF in 2016 and 2017. One can conclude that the environmental status of ZPF in 2016 

and 2017 did not show a significant difference. The average Ecological Quality Ratio (EQR) for 

the S/Wx and S/W3Dp indicators in 2016 was 0,57 and in 2017 – 0,53, which corresponds to the 

same category of the ESC – “Moderate” (Table II.6.3.6). This result confirms the correctness 

of using macrophyte monitoring methods to determine the ecological status class of a marine 

ecosystems. 

Table II.6.3.6. Comparison of the ESC of ZPF according to the survey of the 2016 (St. No. 9, 
10) and 2017 (St 4, 9, 10, 11) 

 

Year 

ESC by value of m-f indicators ESC by average EQR of 
m-f indicators S/Wx, m2∙kg-1 EQR S/W3Dp, m2∙kg-1 EQR 

2016 60,1 0,95 58,3 0,20 0,57 (Moderate) 

2017 73,2 0,81 46,4 0,26 0,53 (Moderate) 

 

Long-term comparison 

Unlike the coastal short-cycle macrophytes, which can quickly react to local anthropogenic 

impact, the perennial phytocenoses of ZPF are inertial indicators that reflect the general 

ecological situation both on the Black Sea shelf and in the catchment area of the Danube, 

Dniester and Dnieper. Being at a considerable distance from the shore and depth, the 

structure-functional organization of phytocenoses of ZPF are formed under the influence of 

the quality of the marine strata and bottom sediments, which depend from the quality of the 

three major European rivers runoff that enter in the NWBS. Therefore, the basis of ecological 

management of the marine protected area of Ukraine - ZPF, is the quality of river flow.  

Using the morphofunctional indicators of macrophytes for NWBS the four historical stages of 

eutrophication, which depend on the quality of the river runoff of the Danube, Dniester and 

Dnieper, were described (Aleksandrov et al., 2017). SI of macrophytes reflects the intensity of 
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primary production processes in the ecosystem of NWBS; S/W reflects the ecological activity 

of bottom vegetation (Fig. II.6.3.8). 

 

Figure II.6.3.8. Historical stages of eutrophication status in the north-west Black Sea shelf: 
I – natural state;  II – intensive eutrophication; III – immobility; IV – steady trend of de‐

eutrophication by Aleksandrov, Minicheva, Zaitsev (2017). 

The long-term trend of the change of floristic composition of the ZPF’s phytobenthos showed 

that it has a directly opposite relationship with the level of eutrophication of the NWBS (Fig. 

II.6.3.9, see Fig. II.6.3.8). 

Figure II.6.3.9. Long-term change of floristic composition in ZPF corresponding to data: 
1964 by Kalugina & Lachko (1966); 1986, 1989 by Kalugina-Gutnik & Evstigneeva (1993); 
2004 by Minicheva (2007); 2006, 2008 by Minicheva et al. (2009); 2012 by Tkachenko & 

Tretyak (2015); 2017 by EMBLAS project (data expedition) 

The maximum floristic diversity of the ZPF’s phytocenoses was observed on the stage “I – 

natural state”. In the 1980s, with the maximum eutrophication, there were less than 10 species 

of algae developing on the ZPF. At present, based on the data obtained within the EMBLAS 

project, it can be stated that the floristic diversity of phytobenthos of ZPF (30 species) was 

restored practically to the level of the 60s (31 species). It is important that in the present stage 

“IV – steady trend of de‐eutrophication” the most intensive restoration of red algae dominates  

ZPF, for which the depths of the shelf are the most favorable conditions. 

Currently, the phytocenoses of ZPF, consists of two main components: red algae from the 

genus Phyllophora  (Coccotylus truncatus and Phyllophora crispa), which belong to the 

sensitive species (S/Wp = 5-25 m2·kg-1, ESG I, k-species) and a complex of filamentous red, 

brown and green algae that belong to the tolerant species (S/Wp ≥ 25 m2·kg-1, ESG II, r-species). 
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It is well known that under the improvement of the ecological situation in marine ecosystems, 

begins the restoration of sensitive macrophytes species and vice versa, tolerant species 

reduce development indices. 

In order to use this opportunity we have made a comparative analysis of the status of 

macrophytes phytocoenoses, collected in the same region of the ZPF (St. No. 10 corresponding 

to the EMBLAS monitoring, see Fig. II.6.3.1.) by the same methods (Grape and video camera) 

in the interval of 8 years. Primary data: March 2008 – international expedition on RV 

“Poseydon” (Minicheva et al., 2009); May 2016 – EMBLAS project expedition on RV “Mare 

Nigrum” (Minicheva et al., II.4. Macrophytobenthos, EMBLAS scientific report, 2017).  An 

analysis of the data showed the following results.   

After 8 years in the area of St. No. 10 could be fixed significant appearance of Ph. crispa. The 

structural indicators (projective cover of the bottom and biomass) for populations of C. 

truncatus and Ph. crispa have increased (Fig. II.6.3.10 (a, b)).  A very interesting scientific fact 

is the increase of the morphofunctional indicator - ecological activity (S/Wp) of Phyllophora 

species (Fig. II.6.3.10 (c)). Increase of the specific surface of the population is a response of 

the species to growth under conditions of increased eutrophication. Thus, based on given 

data, it can be stated that over the past 8 years, the ZPF ecological status has improved based 

on the indicators of development of sensitive species and it has improved in general.  

 a  b  

 c 

Figure II.6.3.10. Comparison of changes in the populations parameters:  
Cover of bottom (a); Biomass (b); Ecological activity (c) of the Coccotylus truncatus and 

Phyllophora crispa over a 8-year period at the regular monitoring area of ZPF (St. No. 10 
correspond to EMBLAS monitoring) in March 2008 (expedition on RV “Poseydon”) and May 

2016 (expedition on RV “Mare Nigrum”) 
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Theoretically, with the improvement of the ecological situation, the development indices of 

sensitive species should increase, and the development indices of tolerant species should 

decrease. Data on the structure of phytocenouces on St. No. 10 demonstrate that over the 

period of 8 years there has been a decline of the structural indices development of the 

complex red, brown and green filamentous algae (Fig. II.6.3.11 (a, b)). In addition, decrease of 

the level of eutrophication led to a decrease the ecological activity (S/W) of filamentous algae 

(Fig. II.6.3.11 (c)). This fact also confirms that for 8 years in the area of St. No. 10 of ZPF there 

has been an improvement of the ecological situation in general. 

a     b 

 c 

Figure II.6.3.11. Comparison of changes in the phytocenouses parameters:  
Cover of bottom (a); biomass (b); ecological activity (c) associated green, brown, and red 

filamentous algae over a ten-year period during the regular monitoring area of ZPF (St. No. 
10 corresponds to EMBLAS monitoring); in March 2008 (expedition on RV “Poseidon”) and 

May 2016 (expedition on RV “Mare Nigrum”) 

 

Based on the values of the morphofunctional index - Ecological activity of the floristic 

composition, taking into account the contribution of specific surface of the sensitive and 

tolerant species,  can be concluded that over the 8-year period on the area of St. No. 10 of 

ZPF, the ESC category increased from “Poor” to “Moderate”, and  EQR  value almost doubled. 

Table II.6.3.7. Categories of ESC on St. No. 10 ZPF in the period 2008-2016 in accordance with 
the morphofunctional indicator – Ecological activity of floristic composition (S/Wx) 

Year S/Wx, m2.kg-1 EQR ESC 
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2016 84 0,81 Moderate  
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 Conclusions 

• In April-August 2017, 30 species of the bottom algae were found at the four stations of 

ZPF (Chlorophyta-6, Ochrophyta-6, Rhodophyta-18); from these species only three 

(Phyllophora crispa, Coccotylus truncatus, Lomentaria clavellosa) have ecological activity 

(S/Wp) less than 25 m2∙kg-1 related to “sensitive” species  (ESG I, k-species). 

• In 2017 on Zernov Phyllophora Field, in all seasons and at all stations, none of the algae 

invasive species were found out. 

• A spatially temporal analysis of the values of phytoindicators obtained at four stations of  

ZPF in April-August 2017 shows that the average biomass of macrophytes varies most 

significantly under the influence of seasonal conditions (from 0.549 to 1.889 kg.m-2) and 

the difference in habitat conditions (from 0.477 to 1.795 kg .m-2). The oscillation 

coefficient (VR) of biomass exceeds 100%. Morphofunctional indicators (S/Wx, S/W3Dp) 

which connected with the floristic structure of communities are the most suitable values 

of their VR by an order of magnitude lower. 

• A comparison of the macrophytobenthos status on ZPF in 2016 and 2017 indicates that 

during this monitoring period, there was no significant change in the structure and 

ecological activity of bottom vegetation. The percentage of the projected coverage of the 

bottom of Phyllophora crispa and Coccotylus truncates both in 2016 and in 2017 is on the 

side 4-5%. For red, brown and green filamentous algae, this value in 2016-2017 also 

remained unchanged in the side altitudes of 50-70%. 

• The value of the morphofunctional indices (S/Wx, S/W3Dp) connected with the floristic 

composition indicates that in 2016 and 2017, the same categories of ESC for ZPF were 

observed. The value of EQR for these averaged morphofunctional indicators was 0,57 in 

2016, and 0,53 in 2017, which corresponds to the same category of the ESC - "Moderate". 

• Analysis of the long-term changes of the floristic composition of the macrophytes 

communities of ZPF showed that it reflects the four stages of eutrophication of NWBS (I – 

natural state;  

II – intensive eutrophication; III – immobility; IV – steady trend of de‐eutrophication). At 

present, the floristic diversity of macrophytes (30 species) has practically reached the 

level of 1964 (31 species). 

• During the period from 2008 to 2016, in the area of St. No. 10 (northern part of the ZPF), 

there was an increase of the structural-functional indicators of sensitive species 

(Coccotylus truncatus and Phyllophora crispa) and vice versa, decrease of the indicators 

of tolerant species (red, brown and green filamentous algae). Over the 8-year period for 

this area, the ESC categories increased from the “Poor” to the “Moderate” and the EQR 

value doubled (from 0, 42 to 0, 81). 
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 Gaps 

• The use of different methods of macrophytes sampling in the monitoring of ZPF: 2016 

- Petersen grab from the board of the vessel, 2017 - periphyton frames with the help 

of divers, led to the impossibility of comparing the macrophyte biomass values and 

connected with it morphofunctional indicator - SI. The difference - average biomass of 

the population of the Phyllophora crispa between 2016 and 2017 is one order of 

magnitude, respectively: 0.046 and 0.686 (kg.m-2), and for the maximum values, the 

difference between 2016 and 2017 is even higher, respectively: 0.156 and 6.014 (kg.m-

2). This fact cannot be explained as the natural process of recovering the Phyllophora 

population, but it is connected with the use of various methods of sampling. 

• The possible inaccuracy in the assessment of the ESC category for ZPF may be related 

to the use of a national scale developed for the coastal zone of the northwestern part 

of Ukraine. The special conditions for the growth of macrophytes on ZPF (the depths 

reducing the penetration of light and the nutrients entering to water column from the 

soft sediments) may not correspond to the categories of ESC obtained for the 

conditions of shallow depths of the coastal zone. 

 

 Recommendations 

• Taking into account the methodological developments of the macrophytes monitoring, 

which is previously proposed within the EMBLAS project,  the results of sampling on ZPF 

in 2016 and 2017, saving resources and optimizing the national monitoring of ZPF, it is 

proposed:  

1. In connection with the natural features of the spatial distribution of 

phytocoenoses, the monitoring of the ZPF is sufficient to be carried out at two 

points which are representative of the different productivity  subregions of ZFP: 

on the 10 station area (20-25 m recommended depth) and on the 9 station area 

(35-40 m recommended depth).  

2. Given the known patterns and results of the seasonal dynamics of phytocenoses 

in 2017, carried out of national monitoring of ZPF twice a year: the first decade of 

April and the first decade of September. 

3. Sampling of macrophytes on ZPF should be carried out only by the transect 

method using periphyton frames and diving operations. 

• In order to fulfill requirements for monitoring of marine ecosystems  corresponding to 

the standards of  MFSD,  it is necessary to develop for the area of ZPF (related to the 

"open EEZ zone" on the basis of all available historical data),  a special scale for the 

assessment of ESC and threshold values for the determination of  the “GES”.   
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II.7. Marine mammals 

O. Savenko, A. Korshenko 

The cetacean fauna of the Black Sea includes three species which are recognized as endemic 
subspecies – the Black Sea harbour porpoise (Phocoena phocoena relicta Abel, 1905), the 
Black Sea common dolphin (Delphinus delphis ponticus Barabash-Nikiforov, 1935) and the 
Black Sea bottlenose dolphin (Tursiops truncatus ponticus Barabasch, 1940). The ranges of all 
Black Sea cetacean subspecies include open waters of the Black Sea as well as territorial 
waters and exclusive economic zones of all Black Sea countries. The Black Sea harbor porpoise 
and the Black Sea bottlenose dolphin are now listed as Endangered by the IUCN (Birkun and 
Frantzis, 2008; Birkun, 2012) and the Black Sea common dolphin is listed as Vulnerable (Birkun, 
2008). The European Union marine environment legislation, MSFD, requires Member States 
to monitor and maintain at favourable conservation status the species identified to be in need 
of protection (Table II.7.1). But only essential knowledge of abundance and regular monitoring 
of its trends allow the conservation status of species to be determined and conservational 
measures to be chosen and performed. 

There are no such data for the Black Sea cetaceans, however, the new knowledge about the 
populations of cetaceans in the region appear regularly, for example: abundance of cetaceans 
and fisheries impact estimates in northwestern Black Sea (Birkun at al., 2014), new data on 
the local stocks of the bottlenose dolphins (Gol’din and Gladilina, 2015; Gladilina et al., 2016; 
Gladilina and Gol’din, 2016), population structure of harbour porpoise (Gol’din and 
Vishnyakova, 2016) and others. But the large-scale studies of cetacean distribution in the Black 
Sea are required for scientific, conservation and management purposes. 

 

Table II.7.1. Marine mammals related indicators relevant to the MSFD. 

Ref. No Parameter MFSD Indicators 

16 Marine mammals actual range 1.1.1 

17 Marine mammals natural range 1.1.1 

18 Marine mammals population dynamics 1.3.1, 4.1.1, 4.3.1 

19 Marine mammals status 1.2.1, 1.3.1, 1.6.1 

Monitoring Parameters of the MSFD Annex III (adopted from Craglia et al., 2010a) and their 
relevant MSFD indicators of the COM DEC 2010/477/EU. Source: Monitoring for the Marine 
Strategy Framework Directive: Requirements and Options, 2012 – JRC. – 42 P. 

 

During the NPMS-RF, visual observations of marine mammals were made during daylight 

hours (approximately 05:30 to 20:30) by one trained observer from the deck of the ship at a 

height of approximately 3 m above the sea surface. Observer searched with 10× binocular 

from a bearing angle of 90° on each sides of the vessel (180° in all). Observations were 

interrupted during sampling stations. The sea state (by Beaufort scale) and other 

characteristics of the weather conditions were recorded at the start of the day and as it 
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changed throughout the day. Effort and sighting data were recorded. All groups of cetaceans 

detected were approached for species identification. to estimate group size. to record location 

obtained with a GPS and to estimate distance to the group when first seen. When it was 

possible we attempted to photograph all cetaceans using NIKON D90 digital camera with 300 

mm lenses (Nikon AF-S NIKKOR 70-300 mm). 

 

 
Figure II.7.1 Observations of marine mammals from the deck of the ship 
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Figure II.7.2 Delphinus delphis during the survey in Sochi-Adler region (2017) 
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II.8. Microbial communities 

I. Prekrasna, M. Pavlovska, E. Stoica, E. Dykyi, D. Zasko, E. Korshenko 

II.8.1. Introduction 

Prokaryotes are ubiquitous in marine environment and known to be the drivers of 

biogeochemical processes, such as carbon and nutrient cycling. Microbial composition of the 

water column and sediments was analyzed using the metagenomic approach during Joint 

Black Sea Surveys 2016 (REPORT). The results have shown that deep-sea sediments contain 

bacteria able to degrade organic pollutants (Dehalococcoides), which was confirmed by 

relatively low levels of pollution by organic chemical pollutants in those samples. This example 

illustrates the ability of marine microbiota to affect the pollutant concentration in the 

environment. Dehalococcoides are not the only ones able to degrade the pollutants. Such 

capacity was shown for α-Proteobacteria, β-Proteobacteria, γ-Proteobacteria, Actinobacteria, 

Bacilli, Clostridium etc (A. Louvado et al 2015; J. Chakraborty and S.Das, 2016; R. Duran et al, 

2016), which are also widely distributed in the Black Sea. These bacteria can use organic 

pollutants as carbon source or degrade a pollutant without using it as a growth substrate 

activating specific enzymes like di- and mono-oxygenases or dehydrochlorinases (H. Habe and 

T. Omori, 2003; C. Muangchinda et al 2014). The ability of microorganisms to adapt and 

degrade contaminants determines their fate in the water column and their effect on the other 

marine biota preventing from their accumulation in the food web (C. Muangchinda et al 2014; 

A. Louvado et al 2015; P. Isaac et al., 2015; Q. Liu et al 2015, R.Duran et al, 2016). Thus, 

microbial activity is an important indicator for the remediation of marine environment in the 

terms of constant anthropogenic pollution. 

In the case of environmental pollution with pharmaceutical products like antibiotics microbial 

adaptation may have unbeneficial effects for human health and safety. Antibiotics are the 

chemicals targeting specifically against bacteria. Many antibiotics of industrial origin circulate 

in water environments, potentially altering microbial ecosystems (F. Baquero et al, 2008). On 

the contrary, antibiotic-resistant organisms enter into water environments from human and 

animal sources (F. Baquero et al, 2008). Bacteria evolved the mechanisms of antibiotic 

resistance encoded by antibiotic resistance genes, which can be rapidly shared within the 

community by horizontal gene transfer (A. Pruden et al., 2006; Jose M. Munita, Cesar A. Arias, 

2016). Distribution of antibiotic resistance genes may occur among both pathogenic and 

nonpathogenic microorganisms and persist in the environments even when the antibiotic in 

the environment is no longer present (J.L. Martinez, 2009). Many bacteria, which are present 

and in the environment and not causing human disease, can harbor antibiotic resistance genes 

that can be laterally transferred to potentially pathogenic bacteria, resulting in unexpected 

disease outbreaks (M.I. Uyaguari, 2011). That is why pollution of marine environment with 

antibiotics and/or antibiotic resistant bacteria can turn the natural environment into the pool 

for the dissemination of resistance genes (Lachmayr, K. 2007.; V. Economou, 2015; B. 

Berglund, 2015). According to World Health Organisation, antibiotic resistance is one of the 

biggest threats to global health (WHO: Global action plan on antimicrobial resistance), while 

antibiotic resistance genes of themselves can be considered to be contaminants. The 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Munita%2520JM%255BAuthor%255D&cauthor=true&cauthor_uid=27227291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arias%2520CA%255BAuthor%255D&cauthor=true&cauthor_uid=27227291
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occurrence and spread of antibiotic-resistant bacteria are pressing public health problems 

worldwide, and aquatic ecosystems are a recognized reservoir for antibiotic resistant bacteria 

and antibiotic resistance genes  (Chuanwu Xi et al., 2009). Considering the rapid spread of 

antibiotic resistance including Black Sea countries (Ears-net, 2014), it is necessary to track the 

distribution of antibiotic resistance genes in the Black Sea environment. 

Results of the Joint Black Sea Surveys 2016 uncovered the ubiquity of polyaromatic 

hydrocarbons getting into the water because of an oil spills during the movement of the 

vessel, and organochlorine compounds as hexachlorocyclohexane, which exceeded maximum 

permissible on the majority of the stations (Report). Other pesticides, herbicides, antibiotics 

are also widely distributed in the Black Sea water column. Herewith, it is it is expedient to 

evaluate the distribution and activity of microbial genes responsible for this pollutants` 

destruction, as well as genes for antibiotic resistance. Monitoring of these indicators will allow 

to evaluate microbial activity against pollutants in marine environment as well as distribution 

of auto-replicative pollutants as antibiotic resistance genes. Monitoring of these parameters 

has the potential of contributing to the assessment of MFSD indicators (Table II.8.1). 

The microbial destruction of organic contaminants is studied presumably on easily cultivated 

species as Pseudomonas spp. or Rhodococcus spp (H. Habe and T. Omori, 2003; P. Isaac et al., 

2015; Obinna C. Nwinyi et al, 2016; Ma J et al, 2012). Similarly, resistance to antibiotics is often 

studied on well-cultured clinical isolates (Y. Sáenz, 2004; M. Monaco et al. 2014). However, 

both cultured and uncultured microorganisms can possess, express and disseminate 

pollutants` destruction genes and antibiotic resistance genes (B. Berglund, 2015, AV Kim et al, 

2018). The vast majority (about 95%) of marine microbiota can not be cultivated and can be 

studied only with molecular genetic tools. Nevertheless, these microorganisms can also 

participate in the decomposition of organic contaminants and attain antibiotic resistance. 

Therefore, to get the real picture of the ability of marine microbial communities to perform 

these processes, RT PCR method targeting the matrix RNA of genes responsible for specific 

enzymes synthesis is used. 

Previous research has already uncovered and highlighted the taxonomic composition of 

bacterioplankton in the Black Sea. The EMBLAS JOSS data on bacterioplankton offers a unique 

opportunity to describe the functional activity of Black Sea marine microorganisms in relation 

to chemical pollutants. Development of novel efficient monitoring techniques sets additional 

perspectives to such study (Bourlat et al. 2013). 

Table II.8.1 MFSD Descriptors and Indicators that benefit from monitoring of the microbial 
genes for pollutants` destruction and antibiotic resistance genes 

MFSD Descriptors Criteria Indicators 

1.Biodiveristy 1.7. Ecosystem structure  1.7.1. Composition and relative proportions of ecosystem components 
(habitats, species)  

4. Food webs 4.3. Abundance/distribution 
of key trophic groups/species  

4.3.3. Groups/species that are targeted by human activities or 
that are indirectly affected by them (in particular, discards) 

8. Contaminants 8.2.   Effects of contaminants 8.2.1. Levels of pollution effects on the ecosystem components 
concerned, having regard to the selected biological processes 
and taxonomic groups where a cause/effect relationship has 
been established and needs to be monitored 
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II.8.2. Materials and methods 

 JOSS GE-UA 

II.8.2.1.1. Sampling 

Nine sea water samples from 3 stations (stations #5, 8 and 9) and 5 sediment samples (stations 

# 1, 1A, 1B, 4, 8) from 5 stations were collected during the Joint Open Sea Survey, which was 

conducted under EMBLAS-II project in August-September 2017. The water samples were 

taken from the following horizons: surface, deep chlorophyll maximum and oxygen minimum. 

Sampling depths were selected according to the CTD profile. Oxygen minimum horizon was at 

the depths, where the concentration of O2 was less then 2mg/l. 2 L of seawater were taken 

from each of the horizons and passed through the Millipore Sterivex-GP 0.22 µm filters using 

peristaltic pump. Filters were immediately frozen at -80 C after filtering. 

The sediments samples were taken by gravity corer in multiple tubes. The samples were taken 

aseptically from the core upper layer using 5ml sterile syringes at the stations, which were 

immediately stored at -80 in a freezer.  

II.8.2.1.2. RNA extraction 

The samples were processed at the National Institute for Marine Research and Development 

“Grigore Antipa“, Constanta, Romania in 2017 and 2018. RNA was extracted from the 

seawater and sediment samples following the phenol-chloroform protocol of James E. 

McDonald modified from Griffiths et al. 2000. The protocol originally developed for filters was 

modified accordingly to be used with sediments as well. The next step was cDNA synthesis 

from extracted RNA. cDNA was synthesised using the Invitrogen SuperScript® III First-Strand 

Synthesis System for RT-PCR (Invitrogen, USA) according with the standard manufacturers 

protocol. The resulting cDNA was used for the downstream analysis (QRT-PCR). The RNA 

quantity and quality was checked using NanoDrop Spectrophotometer (Thermo Fischer 

Scientific). All 14 samples had sufficient RNA concentration (ranging from 4,74 ng/μl to 226 

ng/μl with most above 30 ng/μl) and purity ratio ~2,0.   

II.8.2.1.3. QRT-PCR of the target genes 

In order to assess the functional role of prokaryotes in adaptation to chemical pollutants 

quantitative real-time PCR was performed on selected prokaryotic genes (Table II.8.2). QRT-

PCR was set using the QuantiFast SYBR Green PCR Kit (QIAGEN) according to the Standard 

Manufacturers procedures. First the standards were created for each of the targeted genes 

using the RNA from the samples collected in 2017. Each 25 ul PCR reaction contained the 

following components: 2x QuantiFast SYBR Green PCR Master Mix - 12.5 ul, Primer Reverse -

2.5 ul, Primer Forward - 2.5 ul, template DNA - 1ul, RNase-free water - 6.5 ul. The thermal 

conditions were different for all primers and can be found in Appendix II. All control reactions 

were run with two positive controls - one for each of the primers (containing double amount 



Scientific Report – Joint Black Sea Surveys 2017 

 

208 

of each primer and no template DNA), and one negative control (containing RNase-free 

water). 

The standards for each gene analysed were purified with Wizard SV Gel and PCR Clean-up 

System (Promega, USA) and 10-fold serially diluted ranging from 1.0 x 103 to 1.0 X 107 to be 

used in for standard curve generation in quantitative PCR. The threshold value (Ct) was used 

to determine the copy numbers of targeted gene in the environmental subsamples based on 

the standard curves. 

Melting curve analysis was performed at the end of the amplification cycles in order to assess 

primer specificity and to ensure proper amplification of all target fragments. 

Table II.8.2 List of target genes, their functions and primers 

Gene Primer and its sequence Function Reference 

bph  BPH1-F: 5 -GGACGTGATGCTCGA(C/T)CGC  

BPH1-R: 5 -TGTT(C/G)GG(C/T)ACGTT(A/C)AGGCCCAT  

Biphenyl 2,3 dioxygenase Baldwin et al. 
2003 

Nah NAH-F: 5 -CAAAA(A/G)CACCTGATT(C/T)ATGG  

NAH-R: 5 -A(C/T)(A/G)CG(A/G)G(C/G)GACTTCTTTCAA 

Naphthalene dioxygenase Baldwin et al. 
2003 

linA linART F: AGCTCAACGGATGCATGAACT  

linART R: GGCGGTGCGAAATGAATG 

Dehydrochlorinase Lal et al. 2013 

linB linBRT F: GCGATCCGATCCTCTTCCA  

linBRT R: GCATGATATTGCGCCACAGA  

Halidohydrolase 

Rhd PAH-RHD GN F: GAGATGCATACCACGTKGGTTGGA 

AH-RHD GN R: 
AGCTGTTGTTCGGGAAGAYWGTGCMGTT  

Ring hydroxylating 
dioxygenase (G- bacteria)  

A. Cébron, 2008, 
E. Shahsavari, 
2016 

Rhd PAH-RHD F: CGGCGCCGACAAYTTYGTNGG 

PAH-RHD R: GGGGAACACGGTGCCRTGDATRAA  

Ring hydroxylating 
dioxygenase (G+ bacteria) 

blaTEM RTblaTE MFX F: GCKGCCAACTTACTTCTGACAACG 

RTblaTE MFR R: CTTTATCCGCCTCCATCCAGTCTA 

β-lactamase N. Roschanski et 
al, 2014 

blaCMY CMY F: GGCAAACAGTGGCAGGGTAT 

CMY_R: AATGCGGCTTTATCCCTAACG 

vanB vanB F: TGATTGTCGGCGAAGTGGAT 

vanB R: GCGTGGATAGCGGCTGTA 

 D-alanine-(R)-lactate ligase B. Mirzaei, 
2015 

 

 NPMS RF monitoring 

The total number of bacteria (TNB) was counted by the standard method of epifluorescence 

microscopy (Zimmermann, 1977; Ilyinsky, 2006). Samples collected during expedition work 

were immediately fixed with 40% formalin (final concentration - 2% by volume) and delivered 

to the land stationary microbiological laboratory. All glassware involved in the preparation of 

water samples for microscopic analysis was preliminarily washed with distilled water filtered 

through a cellulose membrane filter with a pore diameter of 0.2 μm in order to eliminate the 

bacterial contamination. 

The bacteria were stained in the samples with a solution of the acridine orange dye (at a final 

concentration of 1:10 000) preliminarily filtered through a membrane filter with a pore 

diameter of 0.22 μm. The colored samples were filtered through Poretics (USA) black 

nuclepore filters with a pore diameter of 0.22 μm. A glass funnel Millipore (USA) with an 

https://www.sciencedirect.com/science/article/pii/S2215016116000121?via%253Dihub#!


Scientific Report – Joint Black Sea Surveys 2017 

 

209 

internal diameter of 18 mm was used for filtration. The filters were air dried, clarified with the 

non-fluorescent oil (Olympus, Japan), and counted under a Olympus BX-41 fluorescent 

microscope with an immersion objective of 100. 

At least 30 fields of vision were viewed on each filter. It is known that this method makes it 

possible to identify even the smallest cells by their bright fluorescence, as well as distinguish 

bacteria from the smallest particles of detritus or colloid aggregates, which can also be colored 

but have different autofluorescence. Cell count was performed separately for two 

morphological groups: rods, vibrion and coccus. Linear dimensions of cells were measured. In 

each water sample, the number of rods was counted separately for three size groups: small 

ones with a length of less than 0.8 μm, medium-sized sticks from 0.8 to 1.4 μm, and large ones, 

with a length of more than 1.4 μm. The number of the vibrion was counted separately for 

three size groups were also distinguished: small (0.2 to 0.8 μm in diameter), medium 

(diameter from 0.8 μm to 1.4 μm) and large (diameter more than 1.4 μm).  The number of the 

coccus was counted separately for three size groups were also distinguished: small (0.1 to 0.5 

μm in diameter), medium (diameter from 0.5 μm to 1.0 μm) and large (diameter more than 

1.0 μm). 

The biomass of bacteria was estimated according to Methods in Aquatic Bacteriology (1988). 

The average cell volume for all samples, separately for rods and coccus, was calculated using 

a special table (Rodina, 1965). When calculating the biomass, a correction factor of 1.6 was 

applied for correction of a decrease in the cell volume during fixation and drying, the 

necessary standard procedures prior to counting and measuring the cells under the 

microscope (Sazhin et al., 1987, Methods in Aquatic Bacteriology, 1988). To convert the raw 

biomass to dry biomass, a correction factor of 0.15 was applied, assuming that the bacteria 

contain 85% of water. To convert dry biomass to carbon, a correction factor of 0.5 was applied, 

assuming that carbon is 50% of dry biomass. 

In the middle of November 2017 samples on bacterioplankton were collected on stations 

located on the shelf at depths of 1 and 25 m. 

II.8.3. Results and discussions 

 Taxonomic composition prokaryotic communities from water 
column and sediments 

Taxonomic composition of the community on the class level from the water column is 

presented on the Figure 1. The most abundant prokaryotic classes in surface and deep 

chlorophyll maximum horizons were Synechoccophycideae (6,1–46,4 %), Flavobacteria (5,8–

20,9%), Actinobacteria (3,0–26,2%), α-proteobacteria (7,6–25,2%), γ-proteobacteria (3,0–

12,9%), Bacilli (0,1–27,5%), Acidimicrobia (2,4–25,1%). Less numerous while present in all the 

samples were Verrucomicrobiae (0,4–8,8%), β-proteobacteria (0,4–2,0%), Plancomycetia 

(0,4–13,3%). The majority of surface samples included Sphingobacteria (0,03–3,7%) and 

Rhodotermi (0,2–5,8%), while in some samples from deep chlorophyll maximum archaeal class 

Thaumarchaeota was present (0,2 – 3,8%).  
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Figure II.8.1 Relative abundance of prokaryotic classes in surface and deep chlorophyll-a 
maximum horizons of the water column. 

 

Synechoccophycideae, Rhodotermi, Bacilli, β-proteobacteria,  Sphingobacteria, 

Thaumarchaeota and Verrucomicrobiae were presented by a single family: Synechococcaceae, 

Balneolaceae (genera Balneola and KSA1), Bacillaceae, Methylophilaceae,  NS11-12, 

Cenarchaeaceae (genera Nitrosopumilus, and unassigned), Verrucomicrobiaceae 

(Verrucomicrobium and unassigned). Planctomycetia was presented by two families 

Planctomycetaceae and Pirellulaceae. Several families were revealed within the classes 

Flavobacteria, Actinobacteria, α-proteobacteria, γ-proteobacteria, Acidimicrobia (Table II.8.3). 

Table II.8.3 Relative abundance of prokaryotic families within the classes Flavobacteria, 

Actinobacteria, α-proteobacteria, γ-proteobacteria, Acidimicrobia in the water column of 

the Black Sea 

Class Family Abundance, % SD 

Actinobacteria Microbacteriaceae 1,8 0,4 

Micrococcaceae 0,5 0,4 

Unassigned 5,1 1,7 

Acidimicrobia OCS155 11,1 1,2 

C111 2,4 0,01 
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Sphingobacteriia [Rhodothermi] Synechococcophycideae Bacilli

Planctomycetia Alphaproteobacteria Betaproteobacteria Gammaproteobacteria

Verrucomicrobiae
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Class Family Abundance, % SD 

ZA3409c 0,3 0,1 

SC3-41 0,40 0,2 

Flavobacteria Flavobacteriaceae 8,2 1,1 

Cryomorphaceae 0,8 0,4 

NS9 0,8 0,5 

Cryomorphaceae 0,3 0,1 

α-proteobacteria Pelagibacteraceae 7,6 1,4 

Rhodobacteraceae 2,9 0,2 

Rhodospirillaceae 0,4 0,2 

Unassigned 2,9 0,1 

Halomonadaceae 3,1 0,6 

γ-proteobacteria OM60 0,3 0,1 

HTCC2089 0,3 0,1 

Piscirickettsiaceae 0,3 0,1 

Unassigned 1,5 0,3 

    

 

 

Figure II.8.2. Relative abundance of prokaryotic classes in sediments. 

 

Prokaryotic communities in the sediments` samples were more diverse, while only several 

classes dominated the community. Namely, d-proteobacteria (13,3 – 20,1%) was the most 

abundant class in sediments, which contains most of the known sulfate 

(Desulfovibrio, Desulfobacter, Desulfococcus etc.) and sulfur-reducing 

(e.g. Desulfuromonas spp.) bacteria alongside with several other anaerobic bacteria with 

different physiology (ferric iron-reducing Geobacter). D-proteobacteria was followed by g-

proteobacteria (6,0–13,6%), Flavobacteriia (1,3–15,9%), Thermoplasmata (0,4–9,2%), 
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Anaerolineae (1,6–8,7%), Dehalococcoidetes (0,3–5,6%). Apart from the mentioned ones 24 

classes were identified. Bacteroidia, Nitrospira, Phycisphaerae, Alphaproteobacteria, 

Spirochaetes and Verruco-5 were present in all samples and comprised up to 5% each. Other 

classes shown on Figure 2 were even less abundant and amounted up to 3%.  

Within d-proteobacteria several families were identified: Desulfobacteraceae, 

Syntrophobacteraceae, Desulfobulbaceae, Desulfuromonadaceae. Their abundance relatively 

to the whole community composition is shown on Figure II.6.3. g-proteobacteria was 

presented by families of Piscirickettsiaceae and Marinicellaceae. Within Flavobacteriia 

(Flavobacteriaceae), Thermoplasmata (DHVEG), Dehalococcoidetes (Dehalococcoidaceae), 

Planctomycetia (Pirellulaceae), Ignavibacteria (Ignavibacteriaceae) and Nitrospira 

(Thermodesulfovibrionaceae) only one family was identified. Overall about 23% of OTUs failed 

to be identified.  

Both water and sediments communities were poorly identified on the genera level. The DNA 

obtained during JOSS-2017 was sequenced with Ion Torrent platform unlike to data from JOSS-

2016, which was sequenced with Illumina MiSeq. The data from JOSS-2016 was nicely 

analyzed up to the genera level. That is why for the future monitoring studies of prokaryotic 

communities Illumina MiSeq platform is recommended.  

 

Figure II.8.3. Relative abundance of prokaryotic families in sediments. 

 

Destruction of organic pollutants like polycyclic aromatic hydrocarbons is well described for 

Pseudomonas spp., Rhodococcus spp., Micrococcus spp (H. Habe and T. Omori, 2003; P. Isaac 

et al., 2015; Obinna C. Nwinyi et al, 2016; Ma J et al, 2012). The studies are focused on these 

genera as they are well cultivated, can be easily isolated from various habitats, not fastidious 

and can be applied in biotechnologies. Nevertheless, ability to degrade organic pollutants is 

inherent to the much wider range of prokaryotic taxa. Biodegradation activity was well studied 

for marine microorganisms, as marine environment is often affected by oil pollution. Various 

PAH-degrading bacteria have been found in coastal environments (Head et al., 2006; Yakimov 

et al., 2007; Lamendella et al., 2014). Bacteria of the genus Cycloclasticus (family 
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https://www.frontiersin.org/articles/10.3389/fmicb.2015.00853/full#B17
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00853/full#B51
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Piscirickettsiaceae, γ-proteobacteria) is assumed as the most wide-spread PAH (such as 

naphthalene, phenanthrene, anthracene, pyrene and fluorene) degrader in marine water and 

sediments (Cui et al., 2008; Wang et al., 2008). The majority of PAH degrading bacteria belong 

to the classes of α-proteobacteria, γ-proteobacteria, Actinobacteria, Bacteroides, 

Acidobacteria and Bacillus (Table II.8.4). These classes are widely distributed in water column 

and sediments of Black Sea (Figures  II.8.1, II.8.2).  

Water bacterial community is outnumbered by Actinobacteria, Acidimicrobia and α-

proteobacteria. In sediments, γ-proteobacteria and Bacterioides were the most abundant. 

Various studies include more precise information on taxonomy of polyaromatic hydrocarbons 

(PAH) degrading bacteria down to the level of the genus (Table II.8.4). Analysis of prokaryotic 

composition revealed prokaryotic orders and families present in the Black sea, that can be 

involved in degradation of polyaromatic compounds. These taxonomic units uncovered in the 

water prokaryotic communities are highlighted in the Table II.8.4 with blue colour, in both 

water and sediments communities – with green colour.  

Table II.8.4. Bacterial taxa involved in the biodegradation of polyaromatic hydrocarbons 
(PAH)  

Class Order Family Genera References 

α-proteobacteria 

Sphingomonada-les Erythrobacteraceae Alterierythrobacter, 
Erythrobacter 

Jun Yuan, 2015 
Chung and King, 
2001 Sohn 2004; 
Bastiaens et al., 
2000; Kodama Y1 
2008 

Sphingomonadaceae Lutibacterium, 
Sphingopyxis, 
Novosphingobium, 
Sphingomonas 

Rhodobacterales Rhodobacteraceae Rhodobacter, 
Citricella, 
Roseovarius, 
Salipiger, Stappia 

Hyphomonadaceae Maricaulis  

 Rhodospirillales  Rhodospirillaceae Tistrella, 
Thalassospira 

Rhizobiales Aurantimonadaceae, 
Phyllobacteriaceae 

Martelella, 
Pseudaminobacter 

β-proteobacteria Burkholderiales Alcaligenaceae Alcaligenes Jun Yuan, 2015 

γ-proteobacteria Alteromonadales Colwelliaceae Colwellia Dong et al, 2015; 
Jun Yuan, 2015; 
Hedlund et al., 
2001 

Shewanellaceae Shewanella  

Pseudoalteromona-daceae Pseudoalteromonas 

Alteromonadaceae Marinobacter 

Idiomarinaceae Idiomarinaceae, 
Pseudidiomarina 

Thiotrichales Piscirickettsiaceae Cycloclasticus  

Pseudomonadales Pseudoalteromonadaceae Pseudomonas 

Moraxellaceae Acinetobacter 

Oceanospirillales Halomonadaceae Halomonas  

Oceanospirillaceae Marinomonas 

https://www.frontiersin.org/articles/10.3389/fmicb.2015.00853/full#B6
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00853/full#B46
https://ru.wikipedia.org/w/index.php?title=Burkholderiales&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Alcaligenaceae
https://en.wikipedia.org/wiki/Colwelliaceae
https://uk.wikipedia.org/wiki/Pseudoalteromonadaceae
https://en.wikipedia.org/wiki/Piscirickettsiaceae
https://en.wikipedia.org/wiki/Halomonadaceae
https://en.wikipedia.org/wiki/Oceanospirillaceae
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Class Order Family Genera References 

Alcanivoracaceae Alcanivorax 

 Xanthomonadales  Salinisphaeraceae Salinisphaera  

Bacillus Bacillilales Bacilliaceae 
Bacillus 

Dong et al, 2015; 
Hunter et al 2005 

Actinobacteria Actinobacteriales Actinomycetales Dietzia Dong et al, 2015 

Acidobacteria  Acidobacteriales Acidobacteriaceae  SM Martirani-Von 
Abercron; SM1 

Prokaryotic taxa involved in degradation of chloroorganic compounds including 

chlorobenzoate, chlorophenol, hexachlorohexane, phenylacetate, pentachlorophenol are 

presented in the Table II.8.5. Chloroorganic compounds are destructed by microorganisms via 

ortho, meta and para dechlorination, reductive dechrorination or anaerobic respiration 

(Abramowitch, 1990; Christof Holliger, 1998, Rekha Seshadri, 2005 Jagnow G. Et al, 1997; 

Bunge M. et al, 2003; Fathepure B Z et al, 1987; Seshadri R. et al, 2005). Hence, chloroorganic 

compounds are mainly destructed by anaerobic metabolic pathways, which are prevailing in 

sediments. That is why bacteria capable of destruction of chlororganic compounds are more 

widely distributed in sediments (highlighted in orange in the Table II.8.5) than in water column 

(highlighted in blue in the Table II.8.5) and this biodestruction process is expected to prevail 

in the sediments.  

Table II.8.5 Bacterial taxa involved in the biodegradation of chlororganic compounds 

Class Order Family Genera/ species/ strains Reference 

a-proteobacteria Rhodobacterales Rhodobacteraceae Mameliella phaeodactyli Stabili Loredana, 2017 

Pseudovibrioascidiacei-cola 

Ruegeria atlantica  

Oceanicaulis Oceanicaulis stylophorae 

Β-proteobacteria Burkholderiales Alcaligenaceae Achromobacter  Abramowitch, 1990 

Alcaligenes 

D-protebacteria Desulfuromonadales Desulfuromonadaceae Desulfuromonas 
chloroethenica 

Christof Holliger, 1998 

Desulfovibrionales Desulfovibrionaceae  Desulfovibrio gigas ATCC 
19364, Desulfovibrio 
africanus ATCC 19997 

Alfred W. Boyle, 1999  

Desulfobacterales Desulfobacteraceae Desulfococcus multivorans 
ATCC 33890 

Alfred W. Boyle, 1999 

Syntrophobacter ales Syntrophaceae Desulfomonile tiedjei Christof Holliger, 1998 

G-proteobacteria Pseudomonadales Moraxellaceae Acinetobacter Abramowitch, 1990 

Pseudomonadaceae Pseudomonas 

ɛ-proteobacteria   Dehalospirillum multivorans Christof Holliger, 1998 

Clostridia Clostridiales Peptococcaceae Dehalobacter restrictus Christof Holliger, 1998 

Clostridium spp.  Jagnow, G., 1977 

Dehalococcoidia Dehalococcoidiales Dehalococcoideaceae Dehalococcoides 
ethenogenes strain  

Christof Holliger, 1998, 
Rekha Seshadri, 2005 

Actinobacteria Actinomycetales Micrococcaceae Arthrobacter Abramowitch, 1990 

Corynebacteriaceae Corynebacterium 

 

https://ru.wikipedia.org/w/index.php?title=Oceanospirillales&action=edit&redlink=1
https://en.wikipedia.org/wiki/Actinobacteria
https://en.wikipedia.org/wiki/Actinomycetales
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Similar taxonomic composition of Black Sea prokaryotes was described based on the results 

of JOSS-2016. It is especially true for the class level data. For the order, family and genus level 

data obtained in 2016 is more precise and uncovers some well known marine pollutant 

diodegraders as Sphingomonadales. Nevertheless, prokaryotic taxa that may be involved in 

pollutants` biodegradation are commonly present in the environments of the Black Sea. 

Antibiotic resistance genes are usually studied in clinically relevant bacteria like Escherichia 

coli, Klebsiella pneumoniae, Neisseria gonorrhoeae, Acinetobacter baumanii etc (EARS-net, 

2014). Naturally, these bacteria do not dominate in marine environments and may occur there 

occasionally the result of the human contact or pollution with human microbiota. Although, 

prokaryotes in natural environments may possess antibiotic resistance genes and actively 

share them by horizontal gene transfer of the mobile genetic elements in the case of antibiotic 

or metal pollution (GD Wright, 2010; B.Chen et al, 2013). That is why, the resistome of 

microbial communities can not be linked here to the particular taxonomic groups (unlike to 

biodegradation genes) and should be studied on the genes level at once.  

 Expression activity of the target genes 

Oil pollution threatens the Black Sea coastal ecosystems and the levels of pollution are 

unacceptable in many coastal areas and river mouths. Considering the widespread 

proliferation of polyaromatic organic compounds in the Black Sea, the following target genes 

were selected for monitoring microbial activity against these compounds: 

rhD genes encode number of ring hydroxylating dioxygenases targeting wide spectrum of 

polycyclic aromatic hydrocarbons (anthracene, pyrene, benzapyrene, fluorine, chruzene etc.). 

The PAH-ring hydroxylating dioxygenases (PAH-RHDα) involved in the initial step of the 

aerobic metabolism of PAH, which occurs via the incorporation of molecular oxygen into the 

aromatic nucleus. Wide variety of bacteria including Sphingomonas, Alcaligenes, Burkholderia, 

Commamonas, Polaromonas, Pseudomonas, Rhodococcus, Mycobacterium, Nocardioides, 

Terrabacter are capable of PAH degradation via this mechanism (Joaquim Vila et al;  A. Cébron 

et al, 2008). 

Nah genes encode naphthalene dioxygenase system, which is one of the most prevalent 

enzyme in PAH-oxidizing bacteria. Naphthalene dioxygenase mediates the initial step of 

oxidation of naphthalene, phenanthrene and other low molecular polyaromatic hydrocarbons 

(P. Isaac et al., 2015; J. Chakraborty, 2016). Enzyme incorporates the molecular oxygen into 

the aromatic nucleus forming cis-dihydrodiol. Further the aromatic ring is ruined by cis-diol-

dehygrogenase. Pseudomonas sp., Comammonas teststeroni, Burkholderia sp., Sphingomonas 

spp., Rhodococcus sp., Nocardioides sp. and other bacteria were shown to degrade 

naphthalene and other low molecular aromatic hydrocarbons (P. Isaac et al., 2015; J. 

Chakraborty, 2016).  

Bph gene encodes 2,3 dioxygenase, the key enzyme of the biphenyl upper degradation 

pathway. This enzyme is responsible for oxygenation of the aromatic ring of the biphenyl and 

wide range of polychlorinated biphenyls (PCBs). It catalyzes the incorporation of two hydroxyl 

groups in the aromatic ring of the PCB congener, which becomes more susceptible to 

enzymatic ring fission reactions (Bruhlmannm and Chen 1999). Mostly the primary product of 
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PCB degradation is chlorobenzoate, which requires certain catabolic plasmids from other 

microorganisms for its cleavage. Degradation of PCBs has been reported to carry out by 

bacterial species like Acidovorax, Bacillus, Burkholderia, Comamonas, Corynebacterium, 

Cupriavidus, Pseudomonas, Rhodococcus, and Sphingomonas (Furukawa and Fujihara 2008; 

Seeger et al. 2009; L. Agulló et al., 2017). 

Lin A and lin B genes encode hexachlorocyclohexane dehydrochlorinase and halidohydrolaze 

respectively. Dehalogenases are key enzymes for the degradation of various halogenated 

compounds (L. Laquitaine et al., 2016). Sphingobium japonicum, Sphingomonas sp. NM05, 

Sphingobium baderi, Pandoraea sp. LIN-3, Xanthomonas sp., Arthrobacter citreus BI-100, 

Arthrobacter fluorescens, Microbacterium ITRC1, Streptomyces and Micromonospora genera 

are able to tolerate, remove and/or degrade hexachlorocyclohexane from culture media, 

slurries and soils  (J.M. Saez et al). As a first attempt to analyse the resistome of the Black Sea 

communities, genes responsible for getting over the widely used antibiotics and last resort 

antibiotic were involved. Namely, the expression activity of blaTEM, blaCMY and vanB genes 

was quantified.  

blaTEM and blaCMY genes encode extended spectrum β-lactameses inactivating β-lactam 

antibiotics. β-lactams are cyclic amides with heteroatomic ring structures (K.L. Lachmayr et 

al., 2009; M.I. Uyaguari et al, 2011) and function by inhibiting proper bacterial cell wall 

synthesis. Approximately two-thirds of antibiotics administered to humans are β-lactams (K.L. 

Lachmayr et al., 2009). These antibiotics are used to treat a wide range of diseases caused by 

both gram negative and gram positive bacteria (K.L. Lachmayr et al., 2009). The β-lactamase 

enzymes break the β-lactam ring open, deactivating the molecule's antibacterial properties. 

β-lactameses are active against a wide range of antibacterial drugs (Тable6 6; Lachmayr, K. 

2007). While the production of -lactamases is particularly common among gram-negative 

bacteria, they have been identified in virtually all bacterial species, with notable exceptions 

being most enterococci and salmonellae (Hsieh SR, 2000). Although -lactamase genes are 

thought to have originally resided solely on bacterial chromosomes, they are often found on 

plasmids. This implies the possibility of the free distribution of these genes among the 

microbiota.  

Table II.8.6. β-lactam antibiotics 
Class of antibiotic Antibiotic 

Penicillins Penicillin G 

Oxacillin 

Ampicillin 

Amoxicillin 

Ticarcillin 

Piperacillin 

Cephalosporins Cefazolin 

Cefuroxim 

Cefotaxime 

Ceftriaxone 

Ceftazidime 

Cefoperazime 

Cefixim 

Ceftibutem 

Cefepim 

Monobactams Aztreonam 
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vanB genes encode D-alanine-(R)-lactate ligase changing the target site (peptidoglycan) of the 

vancomicyn. Vancomycin is active against gram-positive aerobic and anaerobic 

microorganisms: staphylococci, streptococci, pneumococci, enterococci, peptostreptococcus, 

listeria, corynebacteria, clostridia (including C. difficile). The product of this enzyme, the 

depsipeptide D-alanyl-(R)-lactate, can be incorporated into the peptidoglycan pentapeptide 

instead of the usual D-alanyl-D-alanine dipeptide. The resulting peptidoglycan does not bind 

the glycopeptide antibiotic vancomycin, conferring resistance on the bacteria. Vancomycin is 

a last resort medication for the treatment of septicemia and lower respiratory tract, skin, and 

bone infections caused by Gram-positive bacteria. That is why spreading of the vancomycin 

resistance genes is of high concern.  

II.8.3.2.1. Activity of biodegradation genes 

RNA copies for tested genes were found in all samples indicating the biogeochemical 

involvement of prokaryotes in organic pollutants degradation and availability of microbial 

resistome. Both biodegradation (BG) and antibiotic resistance genes (ARG) are expressed 

evenly in sediments and in water samples. Figure II.8.4 shows the summary activity of all BG 

and ARG tested. Yet the metabolic activity of prokaryotes may differ in discrepant niches and 

this should be taken into account for assessing the activity of gene expression. Number of 16S 

rRNA (component of the 30S small ribosome subunit) is indicator of expression activity in 

prokaryotic community as can be assumed as a scale for the protein synthesis. In sediments 

number of 16S rRNA copies was by several orders lower than in water samples (Figure II.8.4) 

that means the lower overall protein synthesis activity. Numbers of 16S rRNA in surface 

horizon and horizon of deep chlorophyll-a maximum are the highest on all tested stations, and 

fall rapidly with depth on the oxygen minimum layer. 

Considering the significant difference in copies number of 16S rRNA, both absolute (RNA 

copies/ ml) and relative abundance (RNA copies/ 16S rRNA) of the RNA target genes were 

taken into account (Figures  II.8.5 – II.8.7). 
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Figure II.8.4. Abundance of RNA copies of biodegradation genes (BG), antibiotic resistance 
genes (ARG) and 16S rRNA in sediments and water of the Black Sea. X-axis corresponds to 
the number of the station. Numbers 1, 2, 3 in water samples correspond to the sampling 

depth: surface, deep chlorophyll-a maximum and oxygen minimum respectively. 
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Figure II.8.5. Abundance of RNA copies of biodegradation genes in sediments (A) and 
water (B). X-axis corresponds to the number of the station. Numbers 1, 2, 3 in water 

samples correspond to the sampling depth: surface, deep chlorophyll-a maximum and 
oxygen minimum respectively. Data presented in absolute values (RNA copies/ml) and as 

normalized to the number 16S rRNA (RNA copies/ 16S rRNA) 

Relative expression activity of the biodegradation genes in sediments is higher than in water 
by several orders. In water, PAHs are thought to be absorbed on suspended particles and 
sink to the bottom. A higher probability of prokaryotes contact with PAH in the seafloor may 
result in higher activity of expression of the corresponding genes. Moreover, as labile carbon 
sources in deep water and sediments are limited, PAHs in these environments could serve as 
valuable carbon and energy sources for bacterial growth. That means that organic pollutants 
are likely to be consumed by the microbial community of the sediments. 

The expression activity of the target genes does not vary depending on the station. Nah and 

bhp genes, both responsible for dioxygenases synthesis, are transcribed with the same 

intensity (n×10-12 - n×10-10 RNA/ml or n×10-7 - n×10-4 RNA/16S rRNA). Transcription activity of 

rhd G+ is much higher and amounts n×10-8 RNA/ml n×10-5 - n×10-7 RNA/16S rRNA. Higher copy 

number of rhd G+ RNA is expected as the rhd G+ primer set is universal for the set of PAH 

degrading enzymes (narAa, phdA/pdoA2, nidA/pdoA1, nidA3/fadA1) common to the Gram 

positive PAH degraders such as Rhodococcus, Mycobacterium, Nocardioides and Terrabacter 

strains (A. Cébron, 2008). That means that this primer set amplifies several genes involved in 

PAH degradation, which results in higher number of RNA copies. Activity of rhd G- genes, 

involved in PAH degradation by gram negative bacteria, was discovered only on the station 

1B. The rhd G- primer set was designed against the genes (nahAc, nahA3, nagAc, ndoB, ndoC2, 

pahAc, pahA3, phnAc, phnA1, bphAc, bphA1, dntAc and arhA1) common to the Gram negative 

PAH degraders such as Pseudomonas, Ralstonia, Commamonas, Burkholderia, Sphingomonas, 

B 
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Alcaligenes, Polaromonas strains. Probably, this primer set could have failed to work as these 

prokaryotic taxa are not distributed in the sediments of the Black Sea. Otherwise, as 

hypothesised by Leys et al. (2005) the majority of initial PAH degradation could be done by 

gram negative r-strategists, whereas K-strategists gram positive bacteria could outcompete 

for the biodegradation of more persistent PAH. It can be assumed that persistent PAH is more 

likely to accumulate in sediments and consumed by K-strategists prokaryotes, while less 

persistent PAH degrades within the water column. This assumption, though must be 

confirmed by the accurate chemical data. 

linA and linB expression rate, which are responsible for degradation of halogenated 

compounds was n×10-11 - n×10-10 RNA/ml (n×10-6 - n×10-5 RNA/16S rRNA) and n×10-8 - n×10-7 

RNA/ml (n×10-3 - n×10-2  RNA/16S rRNA) respectively. The results show that prokaryotic 

community is active against chlorinated organic compounds like cycloclorohexane or its 

derivatives trichlorobenzene, dichlorophenol or dichlorohydroquinone. The linB expression 

activity is even higher than linA, indicating the higher activity of the second step of 

dechrorination (replacing Cl with Hydroxyl group). 

Expression rate of biodegradation genes in water is lower by several orders than in sediments, 

while the expression of different genes has the same pattern. RNA copies of nah and bhp 

genes are less abundant (n×10-13 - n×10-11 RNA/ml or n×10-7 - n×10-12 RNA/16S rRNA), followed 

by linA (n×10-10 - n×10-11 RNA/ml or n×10-6 - n×10-11 RNA/16S rRNA), linB (n×10-8 - n×10-7 

RNA/ml or n×10-7 - n×10-2 RNA/16S rRNA) and rhd G+ (n×10-9 - n×10-8 RNA/ml or n×10-9 - n×10-

4 RNA/16S rRNA). RNA copies for rhd G- are absent on all stations. The absolute quantity of 

the targeted genes transcripts remains the same at all depths sampled. Nevertheless, in 

comparison to the 16S rRNA number the intensity of genes expression increases with the 

depth. 

The results reveal dioxygenase and dehalogenation activity of microbial communities against 

polyaromatic, chloroorganic compounds. The genes responsible for dehalogenization of 

aliphatic compounds were the most actively expressed.  

II.8.3.2.2. Activity of antibiotic resistance genes 

Antibiotic resistance genes can be present in natural environments where there has been no 

anthropogenic impact, such as isolated caves (Bhullar, K.; 2012), deep oceans (Toth, M., 2010), 

and the deep terrestrial subsurface (Brown, M. G., 2009). That supports the idea that 

antibiotic resistance is a natural and ancient phenomenon. However, anthropogenic pressure 

can significantly contribute to the elevated levels of antibiotic resistance in the environment 

(Knapp, C. W., 2010). Human activity as pollution with antibiotics, biocides and toxic metals 

promotes the acquisition and retention of resistance genes in indigenous microbes. Pollution 

with human microorganisms (like fecal microbiota) or treated wastewater enhances the 

accumulation of the antibiotic resistance genes (S. Heß, 2016; L. Rizzo 2013; K.L. Lachmayr et 

al, 2009; V. Economou et al., 2015). Considering the high anthropogenic load on the Black Sea 

and overall high microbial resistance to antibiotics in Black Sea countries, the first attempt to 

evaluate resistome of the Black Sea was performed (Figure II.8.6). 
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Figure II.8.6. Abundance of RNA copies of antibiotic resistance genes in sediments (A) and 
water column (B). X-axis corresponds to the number of the station. Numbers 1, 2, 3 in 

water samples correspond to the water horizon: surface, deep chlorophyll-a maximum and 
oxygen minimum respectively. Data presented in absolute values (RNA copies/ml) and as 

normalized to the number 16S rRNA (RNA copies/ 16S rRNA) 
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Transcription of resistance genes to the most widely used antibiotics (β-lactams) and last 

resort antibiotics (vancomycin) was detected on all tested stations in sediments and water 

samples. Similarly to the biodegradation genes, the activity of AMR expression in sediments 

was higher comparatively to the water samples. The RNA abundance in sediments` samples 

didn`t vary in accordance to the coastal and open-sea stations. BlaCMY in sediments was 

transcribed more intensively in comparison to other genes (n×10-11 - n×10-9 RNA/ml or n×10-6 

- n×10-4 RNA/16S rRNA) followed by blaTEX (n×10-11 - n×10-10 RNA/ml or n×10-6 - n×10-5 

RNA/16S rRNA) and vanB (n×10-12 - n×10-10 RNA/ml or n×10-7 - n×10-5 RNA/16S rRNA). Water 

samples contained lower number of the ARG RNA copies, which fluctuated over the station or 

the depth (Figure II.8.6). The obtained results indicate the abundance of antibiotic resistance 

genes and their activity in the Black Sea, and settle the baseline for the future comparison of 

the antibiotic genes activity. 

 

 Abundance of bacterioplankton in NPMS RF monitoring 

The total number of bacterioplankton  in the Black Sea varied from 0.273 to 0.653million 

cells/ml, averaging 0.402 million cells/ml for the water column. 

High bacterial abundances were also found in the waters of near coast station 1, where the 

mean value of the total number of bacterioplankton  was 0.653 million cells/ml. The minimum 

values of bacterioplankton abundance were recorded at station 6 (25 m), where its mean 

value was 0.273 million cells/ml (Figure II.8.7, Table II.8.7.).  

Table II.8.7. Abundance and biomass of bacterioplankton by stations in November 2017 

 

 

In November 2017 bacteria were represented by rods and vibrions of various sizes. The share 

of other morphotypes was minimal. They were represented mainly by small and medium size 

coccobacteria. Small-size forms of rod, vibrion and coccus predominated in the community 

1 m 25 m 1 m 25 m

1 0,653 47,9

2 0,284 20,8

3 0,513 0,437 37,6 32,1

4 0,535 39,2

5 0,382 28,0

6 0,373 0,273 27,4 20,0

7 0,377 27,7

8 0,462 0,357 33,9 26,2

average 0,447 0,356 32,8 26,1

min 0,284 0,273 20,8 20,0

max 0,653 0,437 47,9 32,1

Abundance, cell*10
6
/ml Biomass, mg/m

3

Station
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averaging by numbers 80% (Table II.8.2). The share of medium and large cells increased with 

depth. 

On average, the biomass of bacterioplankton for the surveyed area was 29.5 mg /m3, with the 

range from 20 to 47,9 mg /m3 (Figure II.8.7). 

 

Figure II.8.7 Distribution of abundance and biomass of bacterioplankton by stations in 
November 2017. 

 

Comparison of our results with the historical data showed that the TBN (tens of thousands of 

cells per ml) and the TBB (less than 10 mg C/m3) at most stations were near the minimum level 

observed in the Black Sea. However, this comparison can be carried out with considerable 

limitation, since most of the historical data were obtained in summer period when the 

bacterioplankton abundance is the highest. 
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Table II.8.8 Contribution of various morphological groups to the total abundance and 

biomass of bacterioplankton at stations in November 2017. 

Station depth, m Abundance % Biomass % 

coccus rods vibria coccus rods vibria 

1 1 6 49 45 8 40 37 

2 1 7 54 39 10 44 32 

3 1 7 48 45 9 40 36 

25 7 45 48 10 37 39 

4 1 10 52 38 14 42 31 

5 1 6 46 48 8 38 39 

6 1 9 49 42 12 40 34 

25 2 41 56 3 34 46 

7 1 4 52 44 5 43 36 

8 1 8 57 36 10 46 29 

25 6 45 48 8 37 40 

II.8.4. Conclusions 

Prokaryotic communities inhabiting water column and sediments of the Black Sea include taxa 
that may be involved in biodegradation of the organic pollutants. These taxa includes families 
Rhodobacteraceae, Rhodospirillaceae, Piscirickettsiaceae, Halomonadaceae, 
Oceanospirillaceae, Alcanivoracaceae, Actinomycetaceae, Acidobacteriaceae, 
Desulfuromonadaceae, Syntrophaceae, Desulfobacteraceae, Dehalococcoideaceae etc. These 
taxonomic groups are common for the Black Sea environments which indicates their potential 
ability to process organic pollutants.  

Ability of the Black sea microbiota to degrade organic pollutants was confirmed by the activity 

of the genes expression responsible for oxygenation and dechlorination of chlorinated 

compounds. Activity of these genes was detected in all water and sediments` samples. The 

most actively expressed genes are involved in dechlorination (linB) and oxygenation of 

polycyclic aromatic compounds (rhd G+) by gram positive bacteria. For the future monitoring 

studies genes involved in anaerobic dechlorination should be included, as sediments are 

inhabited by anaerobic prokaryotes potentially capable of these metabolic pathways. This will 

give a more complete picture of pollutants` biogeochemical transformation in the Black Sea 

environments.  

Genes of resistance to b-lactam antibiotics and last resort antibiotic vancomycin are also 
present in Black Sea environments.  This is the first attempt to describe the resistome in Black 
Sea, which should be tracked in the future. Target genes responsible for resistance to other 
antibiotics used in fisheries and human care should be involved.  
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II.9. Assessment of Black Sea biodiversity with the novel  
eDNA technique 

M. Pavlovska, E. Stoica, I. Prekrasna, E. Dykyi,  Y. Zhang, J. Yang, X. Zhang, A. Teaca, M. Muresan 

 

II.9.1. Introduction 

Marine Framework Strategy Directive (MFSD) requires the European States to monitor the 

ecological status of marine waters according to 11 Descriptors in order to establish timely and 

efficient management actions towards the achievement of Good Environmental Status (GES). 

This should be done through the joint actions utilizing common and harmonized monitoring 

methodologies. Several of MFSD Descriptors (1.Biodiversity, 2.Non-indigenous species, 

3.Commercial fish and shellfish, 4. Food webs) rely on precise measurements of biodiversity 

components at least to some extent. Yet, currently Black Sea biodiversity assessment is based 

solely on the traditional morpho-taxonomic techniques, which is time-consuming and more 

importantly error prone due to the substantial variation in taxonomic expertise between the 

experts from the different countries. Therefore, the traditional approach usually gives the 

results that are incomparable between the countries and hard to be incorporated in the 

common database for the certain water body. The solution to this problem comes from the 

novel genomic tools, which offer timely, high quality and comparable data on taxonomy. The 

progress in high-throughput DNA sequencing technologies has lead to the new and efficient 

approach of using environmental DNA (eDNA) in either metagenomics or metabarcoding, the 

techniques that rely on precise species detection based on capturing the trace DNA in the 

environment using the primers specific to a given taxonomic group (Lim et al. 2016, Valentini 

et al. 2016). The most commonly used primers are 16S for prokaryotes, 18S for protists, COI 

for metazoan communitites and 12S for fish assemblages.  

The perspective of such approach is already recognized in most European States and such 

tools are being harmonized and tested within a DNAqua-Net COST Action in order to be 

incorporated in European monitoring practices (Leese et al. 2016). The advantage of eDNA 

methods used for species detection  and community diversity analysis is in overall higher 

detection capability, sensitivity and long-term cost-effectiveness compared to traditional 

methods (e.g.Darling & Mahon 2011, Deiner et al. 2017). Yet, currently there is a tremendous 

need in harmonisation and standardisation of field and lab protocols, as well as bioinformatic 

pipelines used for single-species and community analysis with eDNA. Another limitation of the 

approach is that the there are no direct methods of eDNA biodiversity assay results’ 

translation into indexes relevant for decision-makers. The abovementioned issues can only be 

addressed on the basis of data collected in frames of case-studies conducted in various 

ecosystems around the globe. 

Taking into account the huge perspectives of using eDNA for ecosystem assessment there is 

no wonder that this approach has gained substantial attention during the last several years. 

The majority of the studies conducted to date dealt with assessment of terrestrial biodiversity 

from invertebrates to mammals (Hawkins et al. 2015, Murray et al. 2013, Hopken et al. 2016, 
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Drummond et al. 2015, Pansu et al. 2015, Jørgensen et al. 2012, Yoccoz et al. 2012). It was 

proven that eDNA approach gives overall better taxonomic resolution, yet it was highlighted 

that for the present moment using the traditional morpho-taxonomic approach as the 

complementary one in order to get the full picture of diversity is recommended (Jørgensen et 

al. 2012, Drummond et al. 2015, Pansu et al. 2015). 

Similarly, the use of eDNA for freshwater biodiversity assessment has been recently tested in 

a number of studies, both those targeting specific taxonomic group (Olds et al. 2016, Jerede 

et al. 2013, Valentini et al. 2016, Takahara et al. 2013, Goldberg et al. 2013), and those aimed 

at overall aquatic biodiversity assessment (Lim et al.2016, Deiner et al. 2016). It was shown 

that eDNA approach allows for both single-species detection (invasive species and high-

conservation priority species) and community analysis with higher precision and sensitivity 

and lower disturbance. There have also been the first attempts to translate the results of 

eDNA biodiversity survey into site-specific water-quality criterion (Yang et al. 2017). 

The use of eDNA metabarcoding for marine biodiversity assessment is described as the most 

challenging due to higher potential dilution of eDNA and its increased transport and 

degradation because of such specific abiotic factors as currents and salinity (Foote et al., 2012; 

Thomsen et al., 2012b). This challenge can be addressed with processing higher amount of 

seawater for eDNA collection, which additionally makes logistics of sampling more expensive 

and time-consuming. However, the ability to get full and unbiased snapshot of biodiversity, or 

to quickly and non-invasively assess the distribution of rare and cryptic species makes eDNA 

metabarcoding very promising for studying and monitoring marine environment. The eDNA 

approach has been successfully used for marine mammals monitoring (Foote et al. 2012) 

giving the results similar to those obtained by more traditional acoustic detection. 

Metabarcoding has proven to give a sound qualitative and quantitative proxy for marine fish 

assemblages (Thomsen et al. 2016), revealing cryptic species, which are usually missed by 

visual observation (Port et al. 2016). Similarly, eDNA approach was used on a larger scale to 

assess and monitor marine eukaryotic communities (Pawlowski et al. 2011) and to determine 

the factors influencing their distribution (Xie et al. 2017), as well as the interaction between 

the different plankton groups (Lima-Mendez et al. 2015). 

The Black Sea biodiversity monitoring has a long tradition, yet it still relies solely on morpho-

taxonomic approach. The only metabarcoding study to date known to have been conducted 

in the Black Sea was on microbial eukaryotes (Logares et al. 2014). Taking into account the 

need to develop the common biodiversity monitoring platform for the whole Black Sea region, 

it is highly desirable to start incorporating eDNA approach into monitoring practices. The novel 

approach has been proven to give comparable, high-quality and unbiased data, both on 

common and on rare species distribution, yet it demands standardization and clear translation 

of it's results for policy-makers. This is the long way, and the starting point for standardisation 

of eDNA metabarcoding approach and it's incorporation into regular monitoring practices has 

been set within the DNAqua-Net project. Therefore, it is important to test the performance of 

eDNA approach for simultaneous assessment of the diversity of various taxonomic groups in 

the Black Sea in relation to the traditional morpho-taxonomic approach. This will set the 

starting point for automatisation of biodiversity monitoring in the Black Sea region, which in 
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turn will potentially increase the quality and comparability of the data needed for the initial 

assessment and monitoring of MFSD indicators (Table II.9.1). 

Table II.9.1. Metabarcoding related Descriptors/Indicators/Criteria relevant to MSFD 

MFSD Descriptors Criteria Indicators 

1.Biodiversity 1.1 Species distribution 1.1.1 Distributional range 

1.3 Population condition 1.3.2 Population genetic structure 

1.7. Ecosystem structure  1.7.1. Composition and relative proportions of ecosystem components 
(habitats, species)  

2. Non-indigenous 
species 

2.1.   Abundance and state 
characterisation of non-
indigenous species, in 
particular invasive species 

2.1.1 Trends in abundance, temporal occurrence and spatial 
distribution in the wild of non-indigenous species, particularly invasive 
non-indigenous species, notably in risk areas, in relation to the main 
vectors and pathways of spreading of such species  

2.2.   Environmental impact of 
invasive non-indigenous 
species 

2.2.1 Ratio between invasive non-indigenous species and native 
species in some well studied taxonomic groups (e.g. fish, macroalgae, 
molluscs) that may provide a measure of change in species 
composition (e.g. further to the displacement of native species)  

2.2.2 Impacts of non-indigenous invasive species at the level of 
species, habitats and ecosystem, where feasible 

3. Commercial fish 
and shell fish 

3.2.   Reproductive capacity 
of the stock 

3.2.2 Biomass indices 

4. Food webs 4.3.   Abundance/distribution 
of key trophic groups/species 

Abundance trends of functionally important selected groups/species 
(4.3.1). 

5. Eutrophication 5.2.   Direct effects of nutrient 
enrichment 

5.2.3 Abundance of opportunistic macro algae 

5.2.4 Species shift in floristic composition such as diatom to flagellate 
ratio, benthic to pelagic shifts, as well as bloom events of 
nuisance/toxic algal blooms (e.g. cyanobacteria) caused by human 
activities 

5.3.   Indirect effects of 
nutrient enrichment 

5.3.1 Abundance of perennial seaweeds and seagrasses (e.g. fucoids, 
eelgrass and Neptune grass) adversely impacted by decrease in water 
transparency 

6. Sea-floor integrity 6.2.   Condition of benthic 
community 

6.2.1 Presence of particularly sensitive and/or tolerant species 

6.2.2 Multi-metric indexes assessing benthic community condition and 
functionality, such as species diversity and richness, proportion of 
opportunistic to sensitive species 

 

II.9.2. Materials and methods 

 Sampling 

During EMBLAS-2017 JOSS 109 seawater samples were collected at 14 stations, 6 of which 

were located on the shelf and 8 in open waters of Black Sea. 5L samples were taken at 4 depths 

(surface, the start of the thermocline, fluorescence maximum and the bottom of thermocline) 

determined by CTD. Similarly, the samples for morpho-taxonomic identififcation of phyto- and 

zooplankton were collected from the corresponding depths and from the same casts. Each 5L 

sample was split into two 2.5L samples, which were subsequently used as replicates, when 

the taxonomic diversity of bacterio-, phyto-, zoo- and ichtyoplankton and fish was determined. 

2.5L of seawater was passed through 0.22 μm Millipore Sterivex filter using Masterflex 

peristaltic pump (Cole Parmer, UK), which was labelled and stored at -80◦C until DNA 

extraction.  
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In total 18 sediment samples were collected for subsequent zoobenthos identification at 6 

shelf stations during EMBLAS-2017 JOSS. Part of the premixed sample was collected with 3 

sterile 5 ml syringes, which were subsequently stored at -80◦C prior to DNA extraction in the 

laboratory of the National Institute for Marine Research and Development “Grigore Antipa” 

(Constanta, Romania). The remaining part of the sample was sieved on site through a 1 mm 

size mesh, and the retained material was preserved in 96% ethanol at 4◦C until processing for 

morpho-taxonomic identification.  

 DNA extraction and ionTorrent sequencing 

The samples were processed for DNA extraction at the National Institute for Marine Research 

and Development “Grigore Antipa“, Constanta, Romania. Genomic DNA was extracted from 

109 seawater and 18 sediments samples using MO BIO PowerSoil® DNA Isolation Kit (QIAGEN) 

following standard manufacturers procedures for sediments, which were modified 

accordingly to be used with the sea water samples as well. The DNA quantity and quality were 

double-checked using NanoDrop Spectrophotometer and Quibit 2.0 Fluorometer (Thermo 

Fischer Scientific).  

All samples had sufficient DNA concentration (ranging from 4.7 ng/μl to 95 ng/μl with most 

above 10 ng/μl) and purity ratio ~1.8.   

The eDNA samples were sent to Nanjing University (School of Environment) for the 

subsequent processing (NGS sequencing).  

The samples were quality checked upon the arrival to Nanjing, 94 and 96 samples were 

sequenced for 18S V9 and COI respectively. The primers used for amplification were as 

follows: 1380F and 1510R (Amaral-Zettler et al. 2009) for eukaryotic 18S rRNA and mlCOIintF 

and mlCOIintR (Leray et al. 2013) for COI. PCR products were checked in 2% agarose gel, and 

the remaining products were purified using e.Z.N.A Cycle Pure Kit (200). Purified PCR products 

were quantified by the Qubit™ dsDNA HS Assay Kits, and then pooled in a reasonable value. 

Sequencing was performed on Ion Torrent Proton platform following the manufacturer’s 

guide. 

 Bioinformatic and statistical analysis 

All proton quality filtered data was exported as fastq files and sequences matching the PGM 

3’ adaptor were automatically trimmed using default parameter under ION server (version 

3.6.2). QIIME program was used to filter low quality data, such as: reads containing ambiguous 

‘N’, homopolymers, reads with the length shorter than 150 bp and more than two mismatches 

in the primer sequence. 

QIIME program was also used to cluster OTUs and to assign taxonomy based on 16S V3 data 

against Greengenes database (Desantis et al. 2006). 18S V9 data was processed using SILVA 

database (Pruesse et al. 2007).  

COI data was processed using local blast against custom MIDORI database containing COI 

sequences (Machida et al. 2017). The resulting taxonomy was inferred using BLASTGrabber 

(Neumann et al. 2014). 
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II.9.3. Results and discussions 

 Community composition based on the 18S sequencing 

In total there were 16767 OTUs belonging to 35 phyla found in sediments samples and 20697 OTUs 

belonging to 32 phyla in water samples. The total eukaryotic community was  mainly composed of 

diverse SAR clade (72%) dominated by Alveolata (67%) (Figure II.9.1) 

 

Figure II.9.1. Taxonomic composition of Black Sea eukaryotic community revealed with 18S  

The most abundant phyla belonging to Alveolata were: Dinoflagellata (49%), Protalveolata 

(29%), Ciliophora (12%), whereas Stramenopiles were dominated by Ochrophyta (68%) and 

Rhizaria were dominated by Cercozoa (96%).  
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Figure II.9.2. Taxonomic composition of Dinoflagellate revealed with 18S 

 

The genera harbouring the species involved in harmful algal blooms were detected in 

Dinoflagellate phylum with high abundance: Gymnodium (15%), Scrippsiella (14%), 

Alexandrium (5%) (Figure II.9.2). The members of these genera have been shown to cause 

Paralytic shellfish poisoning (PSP) and Diarrhetic shellfish poisoning (DSP) (Hallegraeff et al. 

2003). 

The most abundant class in Ochrophyta phylum was Diatomea (56%) with high presence of 

the harmful algae, such as Thalassiosira (21%), Skeletonema (18%), Pseudo-nitzschia (0.8%), 

Fragilaria (0.4%) (Figure II.9.3).  

The most abundant classes in Cercozoa (constituting 96% in Rhizaria) were Thecofilosea  (56%) 

and Imbricatea (14%), dominated by Cryomonadida (47%) and Silicofilosea (82%)  (Figure 

II.9.4).  
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Figure II.9.3. Taxonomic composition of Diatomea revealed with 18S 

 
Figure II.9.4. Taxonomic composition of Rhizaria revealed with 18S 
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Overall planktonic community was dominated by Syndiales (22.8% and 10.5%) group followed 
by Protodinium (7.1%) and Calanoida (6.8%). However, the Veneroida (25.4%) and 
Eustigmatales (12.2%) were the most abundant groups at the station 1, and Suessiaceae 
(24.75%) and Azadinium (9.48%) were dominant at station 5. Alexandrium (1.7%), Gyrodinium 
(3%) and Scrippsiella (1.5%) genera harbouring species involved in harmful algae blooms 
resulting in increased fish mortality (Dahl et al. 1990, Blasco et al. 1996, Anderson et al. 2003) 
were detected at all stations with considerable abundance. 

Figure II.9.5. Major plankton taxonomic groups  
detected in Black Sea water samples  with 18S 

 

 Fish community composition based on the COI sequencing  

COI gene fragment  was used to infer taxonomy of Black Sea fish communities.  

The resulting taxonomy was compared to the list of Black Sea and Mediterranean Sea fish 

species available at FishBASE (Froese & Pauly 2018). There were 125 fish genera identified in 

total in the dataset. The dominant ones were: Diplodus (13.71% - 19.06% depending on the 

sampling station), Acipenser (4,68% - 23,22%) and Syngathus (1,71% - 12,40%). The population 

dynamics of Acipenser species is known to have negative trend and is constantly decreasing 

(Tserkov et al. 2008). We detected 4 species of Acipencer genus, all which were present at 

most sampling stations in considerable relative abundance (Table II.9.2). This finding is 

intriguing, as these species are extremely rare in the North-Western Black Sea and Acipenser 

sturio is even considered to be extinct in this region (Suciu 2008b). However, this results 

should be treated with caution until they are validated with 12S data on Black Sea fish 

taxonomy, as the hybridisation knowing to occur between the sturgeon species can set 
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additional uncertainties in their taxonomic identification (Suciu 2008b, Ludwig et al. 2009, 

Zhang et al. 2013). The detection of this genera members with eDNA proves that 

metabarcoding has high perspectives to be used for studies of cryptic and endangered species 

in the Black Sea.  

We have also made an attempt to use COI for species-specific fish diversity analysis. In total, 

74 Black Sea species and 94 Mediterranean Sea species were detected. The following 11 Black 

Sea species were the most abundant at all stations analysed: Syngnathus typhle (5,7%), 

Spicara maena (5,44%), Diplodus vulgaris (5,28%), Spondyliosoma cantharus (5,23%), Diplodus 

annularis (4,89%), Acipenser gueldenstaedtii (4,56%), Acipenser persicus (4,56%), Galeus 

melastomus (1,11%), Diplodus puntazzo (0,81%) (Table II.9.2). 

Table II.9.2. Black Sea fish species identified with COI sequencing 

Species Stations with 
presence 

Species Stations with 
presence 

Acipenser gueldenstaedtii 1, 2,  4, 7, 8, 10 Neogobius fluviatilis 2, 4, 8, 10 

Acipenser persicus 1, 2,  4, 7, 8, 10 Neogobius melanostomus 4 

Acipenser sturio 1, 4 , 8, 10 Oblada melanura 4, 6, 7 

Alopias vulpinus 4, 6, 8 Pagellus erythrinus 2, 4, 6 

Alosa fallax 4 Pegusa lascaris 1, 2, 6, 8 

Anguilla anguilla 8 Pegusa nasuta 2, 4, 6, 10 

Arnoglossus thori 8 Pomatomus saltatrix 4 

Belone belone 8 Pomatoschistus 
marmoratus 

2, 8 

Boops boops 4, 6, 7 Pomatoschistus minutus 8, 10 

Carcharhinus limbatus 7 Prionace glauca 4, 6, 7, 8 

Caspiosoma caspium 1 Proterorhinus marmoratus 2, 8 

Conger conger 1, 6, 8 Proterorhinus semilunaris 1, 2,  4, 7, 8, 10 

Coris julis 8 Pungitius platygaster 4, 7 

Cyprinus carpio 8 Raja clavata 4, 7 

Dasyatis pastinaca 6, 8 Sarpa salpa 6, 7 

Dentex dentex 6 Sciaena umbra 2 

Dentex macrophthalmus 2, 4 Scophthalmus rhombus 1, 6 

Dicentrarchus labrax 7 Scorpaena notata 1, 4, 8 

Diplodus annularis 1, 2,  4, 7, 8, 10 Serranus hepatus 8 

Diplodus puntazzo 1, 2,  4, 7, 8, 10 Serranus scriba 2, 4 

Diplodus vulgaris 1, 2,  4, 7, 8, 10 Sparus aurata 1 

Dipturus batis 2, 8 Spicara maena 1, 2,  4, 6, 7, 8, 10 

Engraulis encrasicolus 2 Spicara smaris 6, 8 

Galeus melastomus 1, 2,  4, 7 Spondyliosoma cantharus 1, 2,  4, 6, 7, 8, 10 

Gobius bucchichi 1 Sprattus sprattus 6, 8 

Gobius xanthocephalus 2 Squalius cephalus 1, 8 

Huso huso 1, 2, 6, 8 Squalius orientalis 2 

Knipowitschia caucasica 1 Squalus acanthias 1, 8 

Labrus merula 1, 4, 7, 8, 10 Squatina squatina 1, 4, 6, 7 

Labrus viridis 1, 4, 7, 8, 10 Symphodus cinereus 2 

Liza saliens 8 Symphodus mediterraneus 2, 6, 7 

Merlangius merlangus 2, 6 Symphodus roissali 4 
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Species Stations with 
presence 

Species Stations with 
presence 

Merluccius merluccius 1, 2,  4, 7, 8, 10 Symphodus rostratus 4 

Mesogobius 
batrachocephalus 

1, 2,  4, 7, 8, 10 Syngnathus abaster 8 

Microchirus variegatus 2 Syngnathus acus 4, 6 

Mugil cephalus 2 Syngnathus typhle 1, 2,  4, 6, 7, 8, 10 

Naucrates ductor 4 Tinca tinca 8 

The Mediterranean fish species present in the highest abundance in the dataset were as 

follows: Acanthurus monroviae (6,68%), Ichthyococcus ovatus (5,62%), Trypauchen vagina 

(5,60%), Tetragonurus cuvieri (5,44%), Nezumia sclerorhynchus (5,38%), Acipenser naccarii 

(5,21%), Diplodus cervinus (5,06%), Centracanthus cirrus (4,58%), Sphyraena pinguis (1,46%), 

Chlorophthalmus agassizi (0,87%).  

There are several possible reasons for Mediterranean fish species to outnumber the Black Sea 

species in our dataset. Firstly, it has been argued that COI gene is not the optimal marker for 

fish communities’ assessment due to the probability of having mismatch with targeted 

sequences (Deagle et al. 2014, Miya et al. 2015). Such property of COI gene might have 

resulted in the underestimation of Black Sea fish diversity. Secondly, the fact that Black Sea 

fish species are underrepresented in barcoding databases might have influenced the results. 

Finally, some of the Mediterranean species detected with high abundance might represent 

the putative invasive species that have not been previously detected due to their lower 

number compared to the local species. 

In order to compensate for the low specificity of COI assay and to increase resolution of fish 

community analysis, it is planned to use additional specific primers targeting fish - MiFish 

primers, which amplify partial 12S rRNA genes (Ushio et al. 2017, Yamamoto 2017). We would 

like to point out that the species-specific COI data on fish communities should be treated with 

caution and it is preferable to use the genus level data, until 12S analysis is conducted. 

Interestingly eDNA based Black Sea fish community assessment allowed for detection of 

putative invasive species, such as Trypauchen vagina and Gambusia affinis. Trypauchen vagina 

was detected with considerably high abundance at all stations sampled. Gambusia affinis was 

present in Ukrainian and Georgian waters (Station1 and 10 respectively), and in the open sea 

(Station 6). This species is known to be brought from Italy in 1925 (Leppäkoski et al. 2002, 

Vespremeanu & Golumbeanu 2018). The burrowing goby Trypauchen vagina distributional 

range includes the Indo-Pacific, New Caledonia and South Africa coast (Salameh et al., 2010). 

It was first detected in the Mediterranean Sea along the Israeli coast in 2009 (Salameh et al., 

2010), and then along the Turkish coast, in Northeastern Levant Basin, Iskenderun Bay in 2011 

(Akamca et al. 2011). Our finding is the first record of this species in the Black Sea and it 

suggests the North-Eastern spread of this species. Trypauchen vagina is known to inhabit silty 

and muddy areas in estuarine and coastal waters, at a depth of 20-90 m (Murdy, 2006). The 

detection of this species at all station sampled (including the offshore ones) might be due to 

the peculiarity of eDNA method, which allows for larvae detection.  
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 Black Sea sediments community composition based on the COI and 
18S sequencing 

Both 18S and COI were used as markers to infer the diversity of sediments communities. 

Generally, 658-bp region of the mitochondrial cytochrome c (COI) (Hebert et al. 2003) is used 

for metabarcoding of benthic communities, yet there are also studies using the shorter 

fragment of this gene (Leray et al. 2013, Xie et al. 2017). The latter is more desirable for 

amplification of degraded and fragmented DNA, which is frequently the case when sampling 

in remote areas, yet characterisation of shorter sequences potentially results in lower chance 

of capturing infraspecific variation in some taxa (Freeland et al. 2017).  

COI data on Black Sea sediments communities resulted in much higher diversity (OTU number) 

than 18S data. Moreover, the resolution of COI analysis was species-specific unlike 18S data 

with the highest possible identification up to the genus level. In total COI gene sequencing 

identified 804 Metazoan species belonging to 13 phyla, out which Mollusca (48%), Arthropoda 

(23%), Cnidaria (17%) and Annelida (11%) were the dominant ones. However, the analysis of 

COI taxonomic distribution showed that this data is unreliable for Black Sea sediments 

communities, as the identification of species, genera and families yielded numerous taxa, 

which are not characteristic for the Black Sea. All of these taxa were in equally low abundance 

without any taxonomic pattern. The least reliable identification was detected for Cnidaria, 

which can be due to the slow evolution of their mitochondrial genome (Shearer et al. 2002). 

It has been claimed in the other metabarcoding studies that COI is unsuitable for species-

specific barcoding of this taxonomic group (Lindsay et al. 2015). In general COI assays for 

benthic communities metabarcoding are still awaiting standardisation and using primers 

specific to a given taxonomic group might be preferable, even though some studies claim that 

COI metabarcoding gives higher efficiency and resolution than the morphological approach 

alone (Lobo et al. 2017). Moreover, to date the COI data on species abundance is considered 

to be not reliable enough and presence-absence data is recommended to be used for 

monitoring indices (Elbrecht & Leese 2015). COI can be reliably used when applied to the 

homogenised species mixture (not to the DNA coming directly from sediment sample) to 

speed-up taxonomic identification and to assist with identification of cryptic species (Leray et 

al. 2013, Elbrecht & Leese 2015, Lobo et al 2017). 

As COI sequencing didn’t result in reliable taxonomic assignment of communities inhabiting 

Black Sea sediments, 18S data was used.  

There were 60 orders belonging to 14 phyla identified in Black Sea sediments communities. 

The most abundant phyla were Arthropoda (13.14%), Nematoda (9.47%), Platyhelminthes 

(7.43%), Rotifera (1.11%) and Crustacea (1.02%) (Figure II.6.6). The most diverse phyla 

containing the largest amount of orders were Arthropoda, Nematoda, Crustacea  and 

Mollusca.  
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Figure II.9.6. The most abundant phyla detected in Black Sea sediments samples with 18S 

 

Figure II.9.7. The most abundant orders detected in Black Sea sediments samples with 18S 

The orders with the highest relative abundance were Calanoida (12.87%), Kalyptorhynchia 
(7.40%), Monhysterida (6.32%), Araeolaimida (1.82%), Ploimida (1.11%) and Podocopida 
(0.91%) (Figure II.9.7).  
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In order to test the applicability of metabarcoding data for species-level identification, we 
have developed the specific database based on the Nematoda species list provided by 
Muresan M. (Muresan M., unpublished data). Consequently, our 18S sequencing data was 
compared against the database and we managed to identify 36 taxa, out of which 17 were 
identified to the species level and 19 were identified to the genus level. The species having 
the highest abundance were: Enoplus brevis (16%), Pontonema vulgare (16%), 
Paracanthonchus caecus (1.5 - 3.9%), Spirinia elongata (0.3 - 2.8%), Theristus acer (0.1 - 0.7%) 
(Figure II.9.8).  

 

Figure II.9.8 The abundance of species in Black Sea sediments samples with 18S 

The main challenge in species identification was set by the fact that only 9 species from the 

list provided had their sequence available in the Genbank and thus the database was mainly 

constructed with the sequences originating from the other species of the genera.  

Taking into account the scarcity of sequencing information for Black Sea zoobenthos, it was 

not possible to get the reliable species list and to calculate AMBI index. However, it was 

recently shown that metabarcoding data provides the estimates of alpha- and beta-diversity 

similar to those inferred from morpho-taxonomic identification (Ji et al. 2013) and p/a AMBI, 

based on the species presence/absence data from metabarcoding, is strongly correlated with 

the traditional AMBI values (Aylagas et al. 2014). Therefore, zoobenthic species identification 

with metabarcoding is really promising, as it can potentially reduced time and effort required 

for taxonomic identification without losing the analysis precision. The priority should be set at 

barcoding the individual Black sea species, that are not present in the databases so far.   
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In conclusion it should be highlighted that sediments samples are especially challenging to 

analyse with metabarcoding methods due to the fact that they serve as a sink for DNA  

constantly released by the organisms inhabiting the water column. Therefore, the resulting 

dataset contains high number of sequences, which do not specifically represent living 

community from sediments. This in turn results in the necessity to sort the sequences based 

on the metadata known for each particular group, which is time-consuming and sometimes 

hard to perform due to the varying biology and life-cycle of particular organisms. One of the 

possible solutions to this is to use more specific primers. 

II.9.4. Conclusions 

DNA metabarcoding was tested as a tool for efficient, unbiased and rapid assessment of the 

diversity of communities inhabiting Black Sea sediments and water column. To date, this is the 

first DNA metabarcoding study conducted in Black Sea region on such a large scale.  

In general metabarcoding proved to be a promising tool for Black Sea biodiversity assessment. 

18S sequencing identified 16767 OTUs belonging to 35 phyla in sediments samples and 20697 

OTUs belonging to 32 phyla in water samples. The genera, which include species involved in 

harmful algal blooms (Gymnodium, Scrippsiella, Alexandrium) were detected with 18S 

sequencing in considerably high abundance in water samples. COI was efficiently used for 

taxonomic identification of fish communities and allowed for invasive species detection. For 

example Trypauchen vagina occurrence was detected for the first time in Black Sea waters. 

Metabarcoding approach appeared to be also useful for the detection of high conservation 

concern species, such as the members of Acipenser genera. In general Mediterranean fish 

species were detected in higher abundance than the Black Sea fish species (94 and 74 

respectively), which could be the result of the lack of information on Black Sea species in 

sequence databases. Even though the COI data on fish looks promising, the taxonomic 

distribution of fish communities should be validated with fish-specific 12S markers, which 

could be potentially give higher resolution and precision.  

Being useful for fish communities analysis COI appeared to be unreliable for identification of 

Black Sea zoobenthos species. Similar results were obtained in other studies (Lindsay et al. 

2015). Therefore, 18S data was used for taxonomic analysis of sediments communities, which 

resulted in identification up to the level of order (60 orders belonging to 14 phyla). Species-

level identification was performed for Nematoda using the specific database developed based 

on the most up to date Black Sea Nematoda species list. This approach enabled us to identify 

half of the taxa up to the species level, yet it was still not efficient enough due to the scarcity 

of sequencing information for Black sea zoobenthos species in the common database. 

Therefore, one of the priorities should be barcoding of individual Black sea species with the 

purpose to complement the databases. This will make metabarcoding to become the efficient 

and reliable tool for zoobenthos monitoring and will allow for AMBI calculation with 

subsequent management application. 

In general, development of specific metabarcoding markers is recommended for certain 

taxonomic groups (e.g. separately for Black Sea fish and zoobenthos) for increased reliability 

and precision. Metabarcoding is always a compromise between the specificity and time- and 
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cost efficiency. Such well-validated and targeted approach is highly promising and has a 

potential to be used in biodiversity monitoring and invasive species detection, yet so far it 

should be accompanied by morphological analysis until metabarcoding technique is 

standardised. 

II.9.5. Gaps 

The utility of metabarcoding approach in the Black Sea is limited by the lack of sequencing 

data on the local species. In order for this technique to be used in regular biodiversity 

monitoring, barcoding of the local species should be performed and the databases should be 

complemented with it.  

As COI is too general, specific primers should be developed and validated for certain 

taxonomic groups. 

So far, only metabarcoding species presence-absence data is recommended to be used in data 

analysis, whereas the estimation of relative abundance is considered unreliable. 

In total, the present study proved metabarcoding approach to be highly promising, taking into 

account the possibility to get data on broad taxonomic diversity from one small sample, yet 

metabarcoding protocols should be developed and validated for Black Sea region. 

 

II.9.6. Recommendations 

Specific metabarcoding protocols should be developed and validated for the Black Sea region. 

The data on taxonomic distribution of fish communities should be tested with more specific 

12S gene. 

COI and 18S should be also tested for the bulk specimen sample (homogenized individuals) of 

zoobethos to get the full picture of their utility. 

The databases should be complemented with sequencing data on Black Sea species, which will 

allow for more precise identification. 

Development of specific assays for early detection of invasive species is highly promising, as 

metabarcoding is more sensitive taking into account it’s capability to detect various life-

stages, which are harder to identify with morpho-taxonomic approach.  

The data collected with metabarcoding approach should be integrated in indexes for 

biodiversity monitoring after the development and validation of the Black Sea metabarcoding 

protocols. 
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III.1. Introduction 

The occurrence of non-indigenous species (NIS) is among the major threats to the stable status 
of natural ecosystems. Not by chance the invasive species have been considered as Descriptor 
2 in the MSFD.  An increased probability of introduction of new organisms in the aquatic 
ecosystems is not only connected with the development of shipping and aquaculture, but also 
with eutrophication (Descriptor 5). It is known that the eutrophication causes an increase in 
primary production. When the total volume of the food increases (dissolved and particulate 
organic matter), the number of species in the ecosystem is reduced and thusshortening the 
food chain (Odum, 1986). Reduction in the number of predators and herbivores and release 
of trophic niches create favourable conditions for the invasion by new species of plant and 
animal origin (Alexandrov, Zaitsev, 1998).  

The Black Sea sufers from a large-scale eutrophication since early 1970s and is characterised 
by the large number of invasive species. According to the Black Sea Strategic Action Plan (BS 
SAP) for the rehabilitation and protection of the Black Sea (31 October 1996), eutrophication 
and biological pollution topped the list of key threats of the Black Sea ecosystem. The Advisory 
Group on Conservation of Biological Diversity at  the Commission on the Protection of the 
Black Sea Against Pollution (BSC) monitors for more than 10 years the appearance of new 
species in the sea and created a register of exotic organisms that includes 365 marine, brackish 
and freshwater species from fungi and unicellular algae up to the mammals (Aleksandrov et 
al., 2013). More recently the intensity of invasion significantly increased up to five species per 
year, and according to preliminary estimates it is expected to check-in at least 85 new species 
by 2020 (Aleksandrov, 2010). The highest number of NIS among the Black Sea countries is 
registered in Ukraine (Aleksandrov et al., 2013). On the one hand, this is due to the very long 
coastline (1829,1 km), large shelf area (55% of all Black Sea shelf, or 55000 km2) and the 
presence of estuaries and lagoons with a high diversity of salinity (Zaitsev, 2008). On the other 
hand, the abundance of NIS in Ukraine is due to the strong eutrophication extended over the 
north-western shelf, which is under the influence of the largest Black Sea rivers (Danube, 
Dnieper and Dniester) taking 50% of the total river flow into the sea (Nikolenko, Reshetnikov, 
1991).  

As mentioned above, eutrophication disturbs the equilibrium of the Black Sea ecosystem. As 
a result, more highly productive organisms vacated ecological niches. It is no accident that 
most invasive species are characterised by small size and high production (Alexandrov, Zaitsev, 
1998). Despite the importance of NIS in the functioning of ecosystems there is at present no 
regular method for assessing of their impact on the quality of the aquatic environment. One 
of the approaches was developed by S. Olenin, who led a group of experts to develop guidance 
on the Descriptor 2 'Non-indigenous species' (Olenin et al., 2010). He proposed methods to 
determine the invasiveness of species with the help of “biopollution level index” (Olenin et 
al., 2007). Similar studies were carried out also by other specialists (Panov et al., 2009). A 
problem related to NIS is that once an aquatic organism has been introduced and established 
in the new environment it is nearly impossible to eradicate it. The consequence is defining an 
area as being in 'bad"' status, depending on the presence of invasive species, which means 
that the area will likely stay in the 'bad' status without a possibility of improvement. 
Considering the above, the goal is always to minimise human mediated introductions of NIS 
and the description of GES for non-indigenous species should be expressed in terms of 'no 
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new introductions' as defined e.g. by the HELCOM as a management objective.  

The above mentioned methods are suitable for comparison of different NIS among each other, 
but it is  not possible to determine the total effect of biological contamination on the quality 
of marine habitats. 

The final report of the MISIS project aiming at the assessment of the quality of the marine 
environment suggested the help of two measures. First of them addresses phytoplankton and 
zooplankton, whereas the second refers to the biomass of combjelly Mnemiopsis leidye. The 
poor quality of the environment ("Low Environmental Status" - LES) for the comjelly biomass 
is considered when the threshold   value of 3 g·m-3 (120 g·m-2) is exceeded. The threshold of 
the second indicator that reflects the ratio between NIS and native species is 10% of 
abundance or biomass of pelagic organisms and this threshold should not be exceeded in 
order to suppose that the investigated area is in Good Environmental Status (GES). Results of 
the MISIS project investigations have shown that for phytoplankton, biomass of NIS did not 
exceed 1% of the total amount. It should be mentioned, however, that there were cases in 
previous investigations when biomass of NIS algae in pelagic habitats was higher than 60% of 
the total summer biomass in the Bulgarian shelf zone. Similarly, phytoplankton NIS total 
biomass of the Black Sea NIS copepod (Acartia clausi and Oithona davisae) should not exceed 
10% of the total biomass of mesozooplankton. Both of these measures (biomass of M. leidye 
and ratio between NIS and native pelagic species) has the same thresholds for coastal, shelf 
and open sea waters. In the report there was no mention of any indicators that might reflect 
the status of benthic communities and fish (Moncheva, Boicenco, 2014). However, many NIS 
were naturalized and they are now widespread species in the Black Sea. Among them are 
phytoplankton blooming species Gymnodinium uberrimum, Phaeocystis pouchetii; brown alga  
Desmarestia viridis; shellfish Mya arenaria and Anadara kagoshimensis (=Anadara 
inaequivalvis) that are key species of the same name bottom biocenoses; haarder Lisa 
haematochella (=Mugil soiuy) that are at present commercial species (Zaitsev, Öztürk, 2001). 
Here it should be noted that some invasive species are very small and the species identification 
is rather difficult. Among them should be mentioned representatives of phytoplankton, 
microphytobenthos, microzooplankton and meiobenthos, that are usually referred to as 
cryptogenic species, i.e., species whose origin can not be determined due to their recent 
identification.  

The data collected during the surveys 2017 are collected in the harmonised Data Collection 
Templates and uploaded into the Black Sea Water Quality Database. 
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IV.1. Introduction 

V. Ukrayinskyy,  V. Chasovnikov, I. Malakhov, A. Tityapkin, V. Pysarenko 

Reduction of anthropogenic nutrient loading and eutrophication of waters is the subject of 

the MSFD (2008/56/EU) and implemented in the quality descriptor 5 for the determination of 

good ecological status: - human-caused eutrophication is minimized, especially its harmful 

consequences, which may include loss of biodiversity, damage of ecosystems, harmful algae 

blooms and lack of oxygen in bottom layers. Set of indicators was chosen by the European 

Commission in a way that they can be respected during assessing the status of eutrophication 

(European Commission, 2010). These parameters are: 

Nutrients levels (5.1): 

— Nutrients concentration in the water column (5.1.1);  

— Nutrient ratios (silica, nitrogen and phosphorus), where appropriate (5.1.2).  

Direct effects of nutrient enrichment (5.2): 

— Chlorophyll-a concentration in the water column (5.2.1);  

— Water transparency related to increase in suspended algae, where relevant (5.2.2);  

— Abundance of opportunistic macroalgae (5.2.3);  

— Species shift in floristic composition such as diatom to dinoflagellate ratio, benthic 

to pelagic shifts, as well as bloom events of nuisance/toxic algal blooms (e.g. 

cyanobacteria) caused by human activities (5.2.4).  

Indirect effects of nutrient enrichment (5.3): 

— Abundance of perennial seaweeds and seagrasses (e.g. fucoids, eelgrass and 

Neptune grass) adversely impacted by decrease in water transparency (5.3.1);  

— Dissolved oxygen, i.e. changes due to increased organic matter decomposition and 

size of the area concerned (5.3.2).  

 

IV.2. Nutrients levels 

IV.2.1. NPMS UA – Phyllophora field 

In the Zernov's Phyllophora field region in Ukrainian part of North-Western Black Sea shelf 
(NPMS UA - Phyllophora field) were investigated on 11-13 April 2017 year, on 10-11 July 2017 
year, and on 16-18 August 2017 year. 

 Phosphorus 

During April sampling period (11-13 April 2016) concentrations of phosphorus were mostly 
low. The concentrations of phosphate-phosphorus (PO4) or DIP were below the limit of 
quantification (LOQ) of the method (<0,16 μmol/L) and 0.30 μmol/L. In 72 % of the total 
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number of observations phosphate-phosphorus concentration did not exceed the LOQ, which 
resulted in the average concentration 0.11 μmol/L. The concentrations of phosphate-
phosphorus (PO4) in surface layer were observed in the range 20 - 30 μmol/L. 

During the sampling period in April, the concentration of total phosphorus (TP) varied in the 
range from 0.32 to 0.89 μmol/L. The average value of TP was 0.53 μmol/L, with a standard 
deviation 0.15 μmol/L (Table IV.2.1.1). The maximum concentration of phosphate-phosphorus 
was observed in the upper mixed layer. Total phosphorus the maximum was observed in the 
vertical distribution at the depth of 30 m and Sigma-T around 14.4-14.5. It characterized an 
average on stations vertical distribution of value of TP (Fig. IV.2.1.2). 

Table IV.2.1.1. Main statistics for phosphorus concentrations – water column, NPMS UA-
Phyllophora field. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

April 

DIP Shelf 18 <0.16 0-40 12.7-14.6 0.30 0 13.32 0.11 0.07 

TP Shelf 18 0.32 19 14.1 0.89 29 14.47 0.53 0.15 

July 

DIP Shelf 25 <0.16 0-21 8.6-13.7 0.39 36 14.02 0.13 0.08 

TP Shelf 25 0.19 0 8.6 1.45 36 14.02 0.69 0.31 

August 

DIP Shelf 17 <0.16 0-40 8.8-14.1 0.27 22.5 13.87 0.09 0.05 

TP Shelf 17 0.39 0 9.3 1.00 22.5 13.87 0.58 0.15 

The vertical distribution of the DIP and TP at stations 04ph – 11ph is presented in Figure 4.3. 

As for the spatial distribution of DIP and TP on Phyllophora field, maximum concentrations 

were observed in northeast and east parts of the explored area (Fig. IV.2.1.4).  

In July, concentration of DIP was slightly higher than in April. The concentrations of phosphate-

phosphorus(PO4) or DIP were below the limit of quantification (LOQ) of the method (<0,16 

μmol/L) and 0.39 μmol/L. Phosphate-phosphorus concentration did not exceed the LOQ in 64 

% of the total number of observations. Average the DIP concentration was 0.13 μmol/L. In 

July, an increase DIP concentration with depth was observed in vertical distribution. The 

maximum concentration of phosphate-phosphorus was observed in the depth of 36 m and  

Sigma-T = 14.02 (Fig. IV.2.1.1). 

                     

                                  a        b 

Figure IV.2.1.1 The average vertical distribution of the concentration of DIP by Sigma-T (a) 
and depth (b) during the NPMS UA-Phyllophora field in April, July, and August 2017. 
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                                 a        b 

Figure IV.2.1.2 The average vertical distribution of the concentration of TP by Sigma-T (a) 
and depth (b) during the NPMS UA-Phyllophora field in April, July, and August 2017. 

 

             

                                 a                                                                                  b 

Figure IV.2.1.3 The distribution of DIP (a) and TP (b) in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in April2017. 

 

                             

        a                     b 

Figure IV.2.1.4 The spatial distribution of DIP (a) and TP (b) in the surface layer of the sea 
during the NPMS UA-Phyllophora field in April 2017. 

In July concentration of total phosphorus varied in the range from 0.19 μmol/L in surface layer 
to 1.45 μmol/L in near-bottom layer. The average value of TP was 0.69 μmol/L, with a standard 
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deviation 0.31 μmol/L (Table IV.2.1.1). As for vertical distribution of TP was observed increase 
in concentration with depth and density of water. Maximum was observed in near-bottom 
layer at Sigma-T = 14.0 (Fig. IV.2.1.2). 

In July, the results of the distribution of DIP and TP in the area of the Zernov’s Phyllophora 
field are confirmed by the data of the vertical section 04ph -11ph (Fig. 4.5). 

 

        

a                                                                                  b 

Figure IV.2.1.5 The distribution of DIP (a) and TP (b) in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in July2017. 

DIP concentrations in July were less than the limit of quantification of 0.16 μmol/L on the sea 
surface. The maximum concentrations of both DIP and TP in the bottom layer were observed 
in the eastern part of the study area at station 09ph with value of Sigma -T = 14.02. 

Relatively low values of DIP (0.17 μmol/L) and TP (0.77 μmol/L) concentrations were observed 
in the bottom layer in the western part of the Zernov’s Phyllophora field region (Fig. IV.2.1.6). 

 

                  

        a                                                                          b 

Figure IV.2.1.6 The spatial distribution of DIP (a) and TP (b) in the bottom layer of the sea 
during the NPMS UA-Phyllophora field in July 2017. 

Phosphate-phosphorus concentration varied within <0.16-0.27 μmol/L in investigated area 

during the August. Phosphate-phosphorus was detected only in 22.5 m horizon   at the station 

10ph. The maximum concentration was noted at the conditional density Sigma-T ≈ 13.9 (Fig. 
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4.1). DIP concentrations were less than the limit of quantification <0.16 μmol/L in 94% of the 

total number of observations. The minimum values of DIP <0.16 μmol/L were observed on the 

shelf in the area of studies throughout the depth. The maximum was observed at the 

conditional density Sigma-T ≈ 13.9. 

 

                          

a                                                                                         b 
Figure IV.2.1.7 The distribution of DIP (a) and TP (b) in the vertical section 04ph –11ph 

during the NPMS UA-Phyllophora field in August2017. 

In August DIP concentrations were less than the limit of quantification (<0.16 μmol/L) in the 

sea layer of the Zernov's Phyllophora field region. Maximum concentration of DIP (0.26 

μmol/L) in the near-bottom layer was noted at the station 10 ph. Maximum TP concentration 

(1.0 μmol/L)   was observed during this period in the bottom layer (Fig. IV.2.1.8). 

 

                

                    a                     b 

Figure IV.2.1.8 The spatial distribution of DIP (a) and TP (b) in the bottom layer of the sea 
during the NPMS UA-Phyllophora field in August 2017. 

 Nitrogen 

In April, the nitrite-nitrogen N(NO2) concentrations varied from an limit of quantification of 

0.036 μmol/L to 0.24 μmol/L in the study area. The average nitrite-nitrogen concentration 
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value was 0.06 μmol/L , and the standard deviation was 0.06 μmol/L (Table IV.2.1.2). The 

concentration of nitrite was less than the limit of quantification value <0.04 μmol/L in 72% of 

observations. 

Table IV.2.1.2. Main statistics for nitrogen concentrations – water column, NPMS UA-
Phyllophora field. 

Parame
ter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

April 

N(NO2) Shelf 18 <0.04 0-40 13.3-14.6 0.24 0 12.67 0.06 0.06 

N(NO3) Shelf 18 <0.36 0-40 13.3-14.6 5.85 0 12.67 1.49 2.29 

N(NH4) Shelf 18 <1,07 0-40 12.7-14.6 <1,07 0-40 12.7-14.6 - - 

DIN Shelf 18 0,56 0-40  13,3-14,6 6.63 0 12.67 2.08 2.34 

TN Shelf 18 6.69 19 14.15 43.05 20 13,64 20.81 9.76 

July 

N(NO2) Shelf 25 <0.04 0-36 8.6-14.0 1.62 24 13.7 0.32 0.55 

N(NO3) Shelf 25 <0.36 0-36 8.6-14.0 5.91 18 12.62 1.17 1.65 

N(NH4) Shelf 25 <1,07 0-36 8.6-14.0 <1,07 0-36  8.6-14.0 - - 

DIN Shelf 25 0.62 5-15, 36 8.7-10.0, 14.0 6.70 18 12.62 2.03 2.07 

TN Shelf 25 9.92 36 14.0 33.34 0 8.61 23.48 5.30 

August 

N(NO2) Shelf 17 <0.04 0-19 9.3-13.0 0.88 40 14.1 0.17 0.29 

N(NO3) Shelf 17 <0.36 0-19 9.3-13.0 11.1 22.5 13.9 2.18 3.18 

N(NH4) Shelf 17 <1,07 0-40 8.8-14.1 <1,07 0-40  8.8-14.1 - - 

DIN Shelf 17 0,59 0-19 8.8-13.0 12.25 22.5 13.9 2.89 3.35 

TN Shelf 17 22.70 17 10.1 201.6 21 13.8 54.1 43.7 

 

In April the concentrations of nitrate-nitrogen N(NO3) varied from an limit of quantification 

<0.36 μmol/L to 5.85 μmol/ L with an average value of 1.49 μmol/L. The average standard 

deviation of N(NO3)   concentration was 2.29 μmol/L. The concentration of nitrate-nitrogen 

was less than the limit of quantification <0.36 μmol/L values in 61% from all measurements. 

The concentration of ammonium in the Zernov’s Phyllophora field in April was less than the 

limit of quantification <1.07 μmol/L.  

In April the values of the sum of dissolved inorganic nitrogen (DIN) Zernov's Phyllophora field 

had maximum at 0 m layer and decreased with depth. The minimum DIN was observed at 30-

40 m depth (Fig. IV.2.1.9). The average DIN concentration in April was 2.08 μmol/L with a 

standard deviation of 2.34 μmol/L. 

In April the concentrations of total nitrogen (TN) in the Zernov's Phyllophora field region were 

in the range 6.69-43.05 μmol/L and the average value was 20.81 μmol/L with a standard 

deviation = 9.76 μmol/L. The maximum concentration of TN was observed at a depth of 20 m 

at Sigma-T = 13.64. In the vertical distribution of TN in April showed the increase of the 

concentration with depth (Fig. IV.2.1.10). 
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a       b 

Figure IV.2.1.9 The average vertical distribution of the concentration of DIN by Sigma-T (a) 
and depth (b) during the filming of the field NPMS UA-Phyllophora on April, July, August 

2017. 

            
a       b 

Figure IV.2.1.10 The average vertical distribution of the concentration of TN by Sigma-T (a) 
and depth (b) during the filming of the field NPMS UA-Phyllophora on April, July, August 

2017. 

In April, the elevated concentrations of nitrite- and nitrate-nitrogen in the Zernov's 

Phyllophora field region (station 04ph -11ph) were observed in the vertical distribution in the 

surface layer of the sea (Fig. IV.2.1.11). 

                   
a                                                                                    b 

Figure IV.2.1.11 The distribution of N(NO2) (a) and N(NO3) (b) in the vertical section 04ph 
–11ph during the NPMS UA-Phyllophora field in April2017. 
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The spatial distribution showed increased nitrite- and nitrate-nitrogen concentration values 

in the western part of the study area, which is obviously caused by the influence of the river 

runoff of the Danube and the Dniester (Fig. IV.2.1.12). 

                  

                  a                                                        b 

Figure IV.2.1.12 The spatial distribution of N(NO2) (a) and N(NO3) (b) in the surface layer 
of the sea during the NPMS UA-Phyllophora field in April 2017. 

The identical structure of nitrogen concentration distribution in the vertical section 04ph -

11ph was observed in the sum of DIN. In April, elevated DIN concentrations were observed t 

in the surface layer at station 04ph. 

The distribution of total nitrogen TN, due to a large contribution to its total organic part, was 

significantly different from the DIN distribution. Its minimum values were recorded in the 

southwestern part of the area at station 04ph, and the maximum in the northwestern part at 

station 11ph at a depth in the layer of 15-25 m (Fig. IV.2.1.13). 

In April, the spatial distribution of the total DIN concentration in the study area due to the 

large contribution of nitrates to the total amount practically had the sane the distribution. 

                  
a       b 

Figure IV.2.1.13 The distribution of DIN (a) and TN (b) in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in April2017. 

The maximum concentration of total nitrogen (TN) 27.8 μmol/L in the surface layer of the sea 

was observed in the central part of the investigated area at station 10ph (Fig. IV.2.1.14). 
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                     a                    b 

Figure IV.2.1.14 The spatial distribution of DIN (a) and TN(b) in the surface layer of the sea 
during the NPMS UA-Phyllophora field in April 2017. 

In July, the nitrite-nitrogen in the region of the Zernov's Phyllophora field varied in the range 

from an limit of quantification <0.04 to 1.62 μmol/L. The average value of the N (NO2) 

concentration was 0.32 μmol/L with a standard deviation of 0.55 μmol/L.  An increase of 

nitrite-nitrogen concentration was observed in the vertical distribution in the 20-30 m layer at 

a nominal density of Sigma-T ≈ 13.5-13.8. 

During the July observation period nitrate-nitrogen varied in range <0.36-5.91μmol/L and the 

mean value was 1.17 μmol/L. The maximum concentration of N (NO3) was recorded at a depth 

of 18 m at Sigma -T ≈ 12.6. 

In July, higher concentrations of nitrite-nitrogen and nitrate-nitrogen in the area of the 

Zernov's Phyllophora field were observed in the bottom layer, with a maximum of N (NO3) at 

04ph station. The results of nitrite- and nitrate-nitrogen vertical distribution represented in 

the vertical section 04ph -11ph (Fig. IV.2.1.15). 

In July, the spatial distribution of N (NO2) and N (NO3) in the surface layer in the region of the 

Zernov's Phyllophora field reflected the influence of the Danube runoff, and a relative increase 

in nitrogen of the nitrite and nitrate was shown in the southwest of the region under 

investigation, located close to the Danube mouth (Fig. IV.2.1.16). 

 
a                                                                              b 

Figure IV.2.1.15 The distribution of N(NO2) (a) and N(NO3) (b) in the vertical section 04ph 
–11ph during the NPMS UA-Phyllophora field in July 2017. 
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  a       b 

Figure IV.2.1.16 The spatial distribution of N(NO2) (a) and N(NO3) (b) in the surface layer 
of the sea during the NPMS UA-Phyllophora field in July 2017. 

The concentration of ammonium nitrogen in the Zernov’s Phyllophora field in July was less 

than the limit of quantification <1.07 μmol/L. In July, the amount of DIN in the region of the 

Zernov’s Phyllophora field varied in the range 0.62-6.70 μmol/L, and the average value was  

2.03 μmol/L. The standard deviation value of 2.07 μmol/L was commensurate with the mean. 

The maximum concentration of DIN was noted at the 18 m horizon at Sigma-T = 12.62. 

Elevated values of DIN concentrations were observed on average in the vertical distribution 

in the 20-30 m layer with Sigma - T ≈ 13.3 - 13.8 (look Fig. IV.2.1.9). 

In July, TN concentrations in the region of the Zernov’s Phyllophora field varied from 9.92 

μmol/L to 33.34 μmol/L. The average value was 23,48 μmol/L and was slightly more relative 

to the average value in April. The standard deviation was significantly less and was   5.30 

μmol/L. The maximum values of TN were recorded in the vertical distribution at the sea 

surface, and the lower values in the near-bottom layer at a depth of about 36 m at   Sigma-T 

≈ 14.02 (look Fig. IV.2.1.10). 

Elevated concentrations of DIN were noted in the bottom layer all over the section 04ph-

11ph.The maximum concentration of total nitrogen according to its vertical distribution in the 

section was recorded in the surface layer at station 04ph. Relatively elevated TN 

concentrations were also observed in July and in the bottom layer at 25-31 μmol/L (Fig. 

IV.2.1.17). 

        
a       b 

Figure IV.2.1.17 The distribution of DIN (a) and TN (b) in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in July 2017. 
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The spatial distribution of DIN and TN in the surface layer in July showed increased 

concentrations in the southwestern part of the study area because of the influence of the 

nutrient load of the Danube waters on the seawaters of the northwestern shelf of the Black 

Sea. In July, the maximum concentrations of TN exceeded 30 μmol/L at stations 04ph and 

10ph (Fig. IV.2.1.18). 

            
a       b 

Figure IV.2.1.18 The spatial distribution of DIN (a) and TN (b) in the surface layer of the sea 
during the NPMS UA-Phyllophora field in July 2017. 

In August, the nitrite-nitrogen in the region of the Zernov’s Phyllophora field changed in the 

interval <0.04-0.88 μmol/L. The average value for the study area was 0.06 μmol/L with Sigma 

- T≈13.66. The maximum N (NO2) was observed in the vertical distribution in the bottom layer 

at a depth of 40 m at Sigma-T = 14.1. 

In August Nitrate nitrogen in the region of the Phyllophora field varied from an limit of 

quantification of 0.36 μmol/L in the 0-19 m layer to 11.1 μmol/L at a depth of 22.5 m with a 

relative density of Sigma-T = 13.87. In the vertical distribution, higher N(NO3) values were 

observed on the average in the 21-30 m layer at values of the relative density Sigma-T≈ 13.45 

- 13.90. The noted features of the nitrogen distribution of nitrite and nitrate are confirmed by 

the distribution of the concentration of these characteristics on a vertical section 04ph -11ph 

(Fig. IV.2.1.19). 

                  
a                                                                                      b 

Figure IV.2.1.19 The distribution of N(NO2) (a) and N(NO3) (b) in the vertical section 04ph 
–11ph during the NPMS UA-Phyllophora field in August 2017. 
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In August, the concentrations of nitrite- and nitrate-nitrogen in the surface layer were less 

than the limit of quantification. the nitrogen concentrations in the bottom layer reached a 

maximum of 0.88 μmol/L in the eastern part of the study area at station 09ph. The maximum 

concentration of nitrate-nitrogen 11.1 μmol/L was observed in the central part of the study 

area at station 10ph (Fig. IV.2.1.20). 

                
a       b 

Figure IV.2.1.20 The spatial distribution of N(NO2) (a) and N(NO3) (b) in the bottom layer 
of the sea during the NPMS UA-Phyllophora field in August 2017. 

The nitrogen concentration of ammonium in August on Zernov's Phyllophora field was less 

than the limit of quantification <1.07 μmol/L as in April and July.  

 In August, the sum of the dissolved mineral nitrogen forms in the Zernov’s Phyllophora field 

region varied from 0.59 to 12.25 μmol/L and averaged 2.89 μmol/L with a standard deviation 

of 3.35 μmol/L. The maximum DIN was observed at the horizon of 22.5 m with   Sigma - T = 

13.9. The maximum concentration of DIN in August was approximately 2 times higher than 

the values noted in April and July (look Table IV.2.1.2). 

The concentration of total nitrogen TN in the Zernov's Phyllophora field region in August was 

more than 2 times higher than the average values of April and July. 

The concentrations of TN varied in the range 22.70 - 201.6 μmol/L. The average value of TN 

from the observation data was 54.1 μmol/L with a standard deviation of 43.7 μmol/L. The 

vertical distribution showed an increase of TN concentration with depth with a maximum of 

average values in the 21-24 m layer. 

In August, the maximum values of DIN and TN concentrations in the Zernov's Phyllophora field 

area were recorded in the bottom layer at a depth of 20-25 m. The concentration of TN at the 

depth of 21 m at station 11ph reached 201.6 μmol/L (Fig. IV.2.1.21). 
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a       b 

Figure IV.2.1.21 The distribution of DIN (a) and TN (b) in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in August2017. 

The spatial distribution of the DIN concentration at the sea surface showed a maximum in the 

northeastern part of the Phyllophora field. The maximum concentration of TN was observed 

in the central part of the study area with a value of 40.3 μmol/L (Fig. IV.2.1.22). 

                
a                                            b 

Figure IV.2.1.22 The spatial distribution of DIN(a) and TN(b) in the surface layer of the sea 
during the NPMS UA-Phyllophora field in August 2017. 

 Silicate 

In April, the silicon concentration in the region of the Zernov's Phyllophora field varied from 

2.87 μmol/L to 7.83 μmol/L. The maximum concentration of Si (SiO4) was observed in the 

surface layer at Sigma-T = 12.68. The average silicon concentration was 4.89 μmol/L with a 

standard deviation of 1.17 (Table IV.2.1.3). Vertical distribution of silicon showed a decrease 

in concentration with depth. The maximum concentration of silicon was observed at Sigma -

T≈13.06 (Fig. IV.2.1.23). 
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Table IV.2.1.3. Main statistics for silicates concentrations – water column, – water column, 
NPMS UA-Phyllophora field. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

April 

Si (SiO4) Shelf 18 2.87 29 14.47 7.83 0 12.68 4.89 1.17 

July 

Si (SiO4) Shelf 25 <0.36 0-5 8.64-8.68 15.99 24 13.71 5.62 4.58 

August 

Si (SiO4) Shelf 17 <0.36 0 9.32 25.46 22.5 13.87 7.13 7.95 

 

        
a       b 

Figure IV.2.1.23 The average vertical distribution of the concentration of silicatesby Sigma-
T (a) and depth (b) during of the field NPMS UA-Phyllophora on April, Juli, August 2017. 

 

The maximum concentration of 7,83 μmol/L was observed at 04ph -11ph section surface layer 
on 04ph station (Fig. IV.2.1.24). 

 

Figure IV.2.1.24 The distribution of silicates in the vertical section 04ph –11ph during the 
NPMS UA-Phyllophora field in April 2017. 

 

In April, a maximum in the spatial distribution of silicon was observed both in the surface and 

in the bottom layer in the southwestern part of the study area under the influence of the 

Danube runoff (Fig. IV.2.1.25). 
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a       b 

Figure IV.2.1.25 The spatial distribution of silicates in the surface (a) and bottom (b) layers 
of the sea during the NPMS UA-Phyllophora field in April 2017. 

During the July observation period, the silicon concentration in the region of the Zernov’s 

Phyllophora field varied in the range from an limit of quantification <0.36 μmol/L to 15.99 

μmol/L. The average silicon concentration was 5.62 μmol/L, and the standard deviation was 

4.58 μmol/L.  An increase in its concentration with depth was observed in July in contrast to 

the distribution of silicon in April. The maximum concentration was observed at an average 

depth of 20 m at an average relative density of Sigma-T≈13.3 (look Fig IV.2.1.23). In July, the 

distribution structure of silicon on the vertical section 04ph - 11ph is clearly pronounced (Fig. 

IV.2.1.26). 

 

Figure IV.2.1.26 The distribution of silicates in the vertical section 04ph –11ph during the 
NPMS UA-Phyllophora field in July 2017. 

The spatial distribution of silicon in July both in the surface layer and in the bottom layer 

retained the structure noted in April. The maximum concentration of the element in the 

surface and near-bottom layers was recorded in the southwestern part of the study area 

under the influence of river flow (Fig. IV.2.1.27). 
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a        b 

Figure IV.2.1.27 The spatial distribution of silicates in the surface (a) and bottom (b) layers 
of the sea during the NPMS UA-Phyllophora field in July 2017. 

In August, the concentrations of silicon on the Zernov’s Phyllophora field were in the range 

<0.36-25.46 μmol/L. The average value of silicon concentration in August was  7.13 μmol/L 

higher than its average values in April and July. The standard deviation was  7.95 μmol/L. The 

vertical distribution of the silicon concentration, showed the increase with depth like in July.  

The maximum silicon concentration was observed in the 22-27 m layer at an average Sigma-

T≈13.9 (look Fig. IV.2.1.23). The maximum concentration of silicon 25.46 μmol/L in August was 

observed in the bottom layer at station 10ph. In general, increased concentrations of silicon 

in August in the area of the Zernov’s Phyllophora field were observed at depths of more than  

15 m in the bottom layer (Fig. IV.2.1.28). 

 

Figure IV.2.1.28 The distribution of silicates in the vertical section 04ph –11ph during the 
NPMS UA-Phyllophora field in August 2017. 

 

In August, the spatial distribution showed maximum concentrations of silicon in the central 

part of the Zernov's Phyllophora field in the surface and near-bottom layer at station 10ph 

(Fig. IV.2.1.29). 
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a                  b 

Figure IV.2.1.29 The spatial distribution of silicates in the surface (a) and bottom (b) layers 
of the sea during the NPMS UA-Phyllophora field in August 2017. 

 

IV.2.2. NPMS UA 

 Phosphorus 

Аn environmental survey of NPMS UA was carried out in the area of the Ukrainian part of the 

north-western shelf of the Black Sea during the period August 15-21, 2017. Observations were 

made in the coastal part of the sea and on the shelf. In the coastal part of the sea, phosphate-

phosphorus or dissolved inorganic phosphorus concentrations varied from a limit of 

quantification <0.16 μmol/L to 2.19 μmol/L. The average DIP value in August was 0.40 μmol/L 

in the coastal zone of the northwestern part of the Black Sea with a standard deviation of 0.61 

μmol/L. In offshore waters, DIP concentrations were significantly lower and were in the range 

<0.16-0.27 μmol/L, with an average value of 0.09 μmol/L and a standard deviation of 0.5 

μmol/L. In 94% of the measurements (16 values out of 17 measurements) were less than the 

analytical zero according to the DIP concentration determination technique.  

The total phosphorus or TP in the coastal zone varied from 0.39 μmol/L to 2.78 μmol/L. The 

average TP concentration was 0.96 μmol/L in the coastal zone at a standard deviation of 0.69 

μmol/L. Both the maximum TP concentration and its average concentration on the shelf were 

less than in the coastal zone. In August, the concentrations of TP on the northwestern shelf of 

the Black Sea were in the range 0.39 - 1.00 μmol/L. The maximum TP concentration on the 

shelf was recorded at a depth of 22.5 m at Sigma - T = 13.87 (Table IV.2.2.1). 

Table IV.2.2.1. Main statistics for phosphorus concentrations – water column, NPMS UA. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

DIP Coastal  18 <0.16 0-8 7.4-10.3 2.19 3 8.63 0.40 0.61 

DIP Shelf 17 <0.16 0-40 8.8-14.1 0.27 22.5 13.87 0.09 0.05 

TP Coastal 18 0.39 0 10.3 2.78 3 8.63 0.96 0.69 

TP Shelf 17 0.39 0 9.3 1.00 22.5 13.87 0.58 0.15 
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Vertical distribution of DIP and TP on the shelf on average showed an increase in 

concentrations with depth, in the coastal zone the maxima were noted in the subsurface layer 

at a depth of 3-5 m (Fig. IV.2.2.1, IV.2.2.2). 

               

                                    a                                                                                   b 

Figure IV.2.2.1 The average vertical distribution of the concentration of DIP by Sigma-T (a) 
and depth (b) during the NPMS UA in August 2017. 

                 

                        a                                                                               b 

Figure IV.2.2.2 The average vertical distribution of the concentration of TP by Sigma-T (a) 
and depth (b) during the NPMS UA in August 2017. 

The maximum concentrations of DIP and TP were observed at the Danube seashore and their 

concentration gradually decreased with the distance from the mouth on the vertical section 

04w-05w from the mouth of the Danube to the Tendrovskaya spit (Fig. IV.2.2.3). 

                

                                 a                                                                                  b 

Figure IV.2.2.3 The distribution of DIP (a) and TP (b) in the vertical section 04w – 05w 
during the NPMS UA in August 2017. 
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The vertical section 01w-09ph from the Tsaregradsky derrick to the zone of the Zernov’s 

Phyllophora field showed the relative increase in TP concentrations on the surface in the zone 

of influence of the Dniester estuary waters, as well as in the Phyllophora field at station 10ph 

in the bottom layer (Fig. IV.2.2.4). 

          

a                                                                                 b 

Figure IV.2.2.4. The distribution of DIP (a) and TP (b) in the vertical section 01w – 09ph 
during the NPMS UA in August 2017. 

The spatial distribution of DIP and TP in the surface and near-bottom layers showed maximum 

concentrations near the Danube seashore, covering an area of about 30 miles. In August, 

relatively high DIP and TP values for 2017 were also observed in the Odessa Gulf and in the 

whole Odessa region (Fig. IV.2.2.5, IV.2.2.6). 

                

a                                                                                 b 

Figure IV.2.2.5 The spatial distribution of DIP in the surface (a) and bottom (b) layers of the 
sea during the NPMS UA in August 2017. 

                

   a                                                                               b 

Figure IV.2.2.6 The spatial distribution of TP in the surface (a) and bottom (b) layers of the 
sea during the NPMS UA in August 2017. 
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 Nitrogen 

In August 2017 nitrogen nitrite N(NO2) varied in the range from an analytical zero  <0.04 

μmol/L to 2.51 μmol/L in the northwestern part of the Black Sea of the Ukrainian shelf in the 

coastal zone. The average value in the coastal zone was 0.44 μmol/L with a standard deviation 

of 0.69 μmol/L. The maximum concentration of N (NO2) was observed in the northern part of 

the shelf in the near-bottom layer at a depth of 9.5 m near the port "Yuzhniy".  

The concentrations of nitrite nitrogen varied in the range <0.04-0.88 μmol/L in the central part 

of the shelf in a region remote from the coast at an average value of 0.17 μmol/L and a 

standard deviation of 0.29 μmol/L (Table IV.2.2.2). The maximum concentration of N (NO2) in 

this region was recorded in the eastern part of the Phyllophora field in the bottom layer at a 

depth of 40 m. 

Table IV.2.2.2 Main statistics for nitrogen concentrations – water column, NPMS UA. 

Parame
ter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

N(NO2) Coastal 18 <0.04 0-16 9.2-9.4 2.51 9.5 11.4 0.44 0.69 

N(NO2) Shelf 17 <0.04 0-19 9.3-13.0 0.88 40 14.1 0.17 0.29 

N(NO3) Coastal 18 <0.36 0-16 7.4-9.4 24.5 0 5.6 5.03 6.49 

N(NO3) Shelf 17 <0.36 0-19 9.3-13.0 11.1 22.5 13.9 2.18 3.18 

N(NH4) Coastal 18 <1,07 0-16 5.6-9.4 <1,07 0-16 5.6-9.4 - - 

N(NH4) Shelf 17 <1,07 0-40 8.8-14.1 <1,07 0-40 8.8-14.1 - - 

DIN Coastal 18 0.62 5-16 9.2-9.4 26.2 0 5.6  6.01  6.89 

DIN Shelf 17 0,59 0-19 8.8-13.0 12.25 22.5 13.9 2.89 3.35 

TN Coastal 18 25.34  0 9.1 134.4 10 12.2 59.7 36.8 

TN Shelf 17 22.70 17 10.1 201.6 21 13.8 54.1 43.7 

The concentrations of N (NO3) in the coastal zone on the northwestern shelf were in the range 

from an analytical zero <0.36 μmol/L to 24.5 μmol/L. The average value was 5.03 μmol/L, and 

the standard deviation was 6.49 μmol/L. The maximum N(NO3) was observed in the surface 

layer of the sea under the influence of the Danube drainage to the seashore in the area of its 

delta. 

Nitrate nitrogen concentration varied in the range of <0.36 – 11.1 μmol/L in an area remote 

from the coasts of the shelf. The average value was 2.18 μmol/L more than 2 times lower than 

the average concentration of N(NO3) in the coastal zone. The standard deviation was at the 

level of 3.18 μmol/L. 

In August 2017, the concentrations of N(NH4) were less than the analytical zero of the applied 

measurement method <1.07 μmol/L both on the shelf and in the coastal zone. 

The concentration of the amount of DIN in the coastal zone varied from 0.62 μmol/L to 26.2 

μmol/L. The average value in this region was 6.01 μmol/L with a standard deviation of  6.89 

μmol/L. The maximum was noted in the surface layer of the sea at the seashore of the Danube. 
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Concentrations of DIN varied in the range of 0.59 - 12.25 μmol/L on the shelf in an area remote 

from the coastal zone. The average value was 2.89 μmol/L, with a standard deviation of 3.35 

μmol/L (Table IV.2.2.2). 

The TN concentrations in the coastal zone varied from 25.34 μmol/L to 134.4 μmol/L. The 

average value in August in this region of studies was 59.7 μmol/L, and the standard deviation 

was 36.8 μmol/L. 

In the central shelf area in the zone of the phyllophorous field, TN concentrations were in the 

range 22.7 - 201.6 μmol/L with an average value of 54.1 μmol/L. 

Vertical distribution of DIN on average showed an increase in concentration with depth. Some 

intermediate decrease in concentration was at a depth of 3-5 m in the coastal zone (Fig. 

IV.2.2.7). 

                      

   a                                                                                        b 

Figure IV.2.2.7 The average vertical distribution of the concentration of DIN by Sigma-T (a) 
and depth (b) during the NPMS UA in August 2017. 

 

The vertical structure of TN in the coastal zone repeats on average the structure of DIN. In the 

central region on the shelf, the maximum TN concentration is observed on the average at a 

horizon of 25 m with Sigma-T = 13.0 (Fig. IV.2.2.8). 

                

                                    a                                                                                                 b 

Figure IV.2.2.8 The average vertical distribution of the concentration of TN by Sigma-T (a) 
and depth (b) during the NPMS UA in August 2017. 

 

The vertical section 04w-05w had a maximum concentration of DIN and TN at the seaside of 

the Danube and gradually decreased with the distance from the mouth. The maximum values 
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of TN in the section were recorded in the zone of the Phyllophora field at a depth of about 20 

m (Fig. IV.2.2.9). 

                      

a                                                                                       b 

Figure IV.2.2.9 The distribution of DIN (a) and TN (b) in the vertical section 04w – 05w 
during the NPMS UA in August 2017. 

 

The maxima of DIN and TN were also observed in the section 01w-09ph in the near-bottom 

layer near the Phyllophora field at stations 10ph and 09ph (Fig. IV.2.2.10). 

                           
                               a                                                                                     b 

Figure IV.2.2.10 The distribution of DIN (a) and TN (b) in the vertical section 01w – 09ph 
during the NPMS UA in August 2017. 

The maximum concentrations of DIN in the spatial distribution were observed in the surface 

layer under the influence of the Danube drainage in the region of its estuary zone on the 

seashore. In the near-bottom layer, increased concentrations of DIN in August were observed 

in the Odessa region and in the zone of the Zernov’s Phyllophora field (Fig. IV.2.2.11). 

                         
a                                                                                     b 

Figure IV.2.2.11 The spatial distribution of DIN in the surface (a) and bottom (b) layers of 
the sea during the NPMS UA in August 2017. 



Scientific Report – Joint Black Sea Surveys 2017 

 

273 

 

The distribution of TN in the surface layer showed increased concentrations on the 

northwestern shelf in the region of the Odessa region and on the seashore of the Danube. The 

maximum concentration of TN in the near-bottom layer was observed in the Odessa region in 

the zone of the port "Yuzhny". Also, elevated values were recorded at the seashore of the 

Danube and in the zone of the Zernov’s Phyllophora field (Fig. IV.2.2.12). 

                          

a                                                                                     b 

Figure IV.2.2.12 The spatial distribution of TN in the surface (a) and bottom (b) layers of 
the sea during the NPMS UA in August 2017. 

 

 Silicate 

In August, the silicate concentration varied from 0.85 μmol/L to 34.36 μmol/L in the coastal 

zone on the northwestern shelf. The maximum concentration of Si(SiO4) was observed in the 

surface layer at Sigma-T = 7.40. The average value of silicate in the coastal zone was 11.52 

μmol/L with a standard deviation of 9.46 μmol/L (Table IV.2.2.3).  The silicate concentrations 

varied from an analytical zero <0.36 μmol/L to 25.46 μmol/L in the north-western shelf in a 

zone remote from the coaSt. No. The mean value was 7.13 μmol/L, and the standard deviation 

was 7.95 μmol/L. 

Table IV.2.2.3 Main statistics for silicate concentrations – water column, NPMS UA. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

Si (SiO4) Coastal 18 0,85 5 9.20 34.36 0 7.40 11.52 9.46 

Si (SiO4) Shelf 17 <0.36 0 9.32 25.46 22.5 13.87 7.13 7.95 

The vertical distribution of silicate showed an increase in concentration with depth. The 

vertical distribution structure of silicate as a whole coincided with the vertical structure of the 

DIN distribution (Fig. IV.2.2.7). Some decrease in the concentration of silicate was observed in 

the subsurface layer at a depth of 3-5 m (Fig. IV.2.2.13). 
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                               a                                                                                 b 
Figure IV.2.2.13 The average vertical distribution of the concentration of silicates by Sigma-

T (a) and depth (b) during the NPMS UA in August 2017. 

Relatively high concentrations of silicate in the surface layer were recorded on sections both 

on the Danube seashore (section 04w-05w) and in the zone of influence of the waters of the 

Dniester estuary (section 01w-09ph). The maximum silicate concentrations were observed in 

the bottom layer in the zone of the Zernov’s Phyllophora field at stations 10ph and 11ph (Fig. 

IV.2.2.14). 

                       
                              a                                                                                      b 

Figure IV.2.2.14 The distribution of silicates in the vertical section 04w – 05w (a) and the 
vertical section 01w – 09ph (b) during the NPMS UA in August 2017. 

The maximum concentrations of silicate in the surface and in the bottom layer were observed 

in the north of the investigated region of the northwest of the Black Sea shelf. Obviously, this 

is due to the flow of water from the Dnieper-Bug estuary. Elevated concentrations of silicate 

propagated on the shelf to the area of the Zernov’s Phyllophora field in the bottom layer, and 

also were noted in the Odessa Bay (Fig. IV.2.2.15).    

                      

                                   a                                                                                 b 
Figure IV.2.2.15 The spatial distribution of silicates in the surface (a) and bottom (b) layers 

of the sea during the NPMS UA in August 2017. 
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IV.2.3. JOSS GE-UA 

 Phosphorus     

During the period of August 28-30, 2017 an ecological voyage took place in direction Odessa-

Batumi JOSS GE-UA. During this period the concentration of phosphate phosphorus varied 

from an analytical zero <0.16 μmol/L to 0.67 μmol/L. in the zone of the northwestern shelf 

and the continental slope in the layer to a depth of 100 m. The average value during this period 

was 0.17 μmol/L with a standard deviation of 0.17 μmol/L. The maximum values of DIP 

concentration were recorded in the zone of the continental slope at a depth of 94 m (Table 

IV.2.3.1). 

Table IV.2.3.1 Main statistics for phosphorus concentrations – water column, JOSS GE-UA. 

Para- 

meter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

DIP Shelf northwest, 

continental slope 

16 <0.16 0-34 9.7-14.1 0.67 94 15.7 0.17 0.17 

TP Shelf northwest, 

continental slope 

16 0.16 0 9.6-10.2 0.84 98 15.8 0.32 0.22 

DIP Open sea  28 <0.16 0-30 10.8-14.1 2.84 97 15.8 0.72 0.74 

TP Open sea  28 0.26 0 11.1 7.75 97 15.8 1.38 1.47 

DIP  Open sea southeast, 

continental slope 

20 <0.16 0-27 10.4-14.0 1.37 9 10.5 0.36 0.30 

TP  Open sea  southeast, 

continental slope 

20 0.23 0 10.5 5.36 16 10.8 2.28 1.75 

Between August 30 and September 01.2017, DIP concentrations were significantly larger in 

the open sea than in the northwestern shelf zone and varied in the range <0.16 - 2.84 μmol/L. 

The mean value in the open sea in the 100 m layer was 0.72 μmol/L during this period, and 

the standard deviation was 0.74 μmol/L commensurate with the mean. The maximum 

concentration of DIP was recorded at a depth of 97 m. 

In the period from 01 - 03 September 2017, DIP concentrations varied from an analytical zero 

<0.16 μmol/L to 1.37 μmol/L in the southeastern part of the sea in the region of Georgia. The 

mean value was 0.36 μmol/L with a standard deviation of 0.30 μmol/L. In contrast to the open 

sea area, the maximum concentration of DIP was observed in the surface layer at a depth of 

9 m (look Table IV.2.3.1). 

Vertical distribution of DIP showed an increase in concentration in all regions with increasing 

depth. The greatest concentrations at depths greater than 40 m were observed in the open 

sea region (Fig. IV.2.3.1).  
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                               a                                                                              b 

Figure IV.2.3.1 The average vertical distribution of the concentration of DIP by Sigma-T (a) 
and depth (b) during of the JOSS GE-UA. 

The spatial vertical structure of the DIP concentration distribution is characterized by vertical 

sections along the selected areas (Fig. IV.2.3.2). An increase in the DIP concentration  with 

depth was observed in all regions. Elevated DIP concentrations were observed at all cuts at 

depths of about 90-100 m with Sigma-T ≈ 15.8. The maximum concentration of DIP was noted 

in the subsurface layer in the southeastern part of the sea in the area of the continental slope, 

that may be caused by anthropogenic influence of sources in the coastal zone.  

Concentrations of total phosphorus varied in the range 0.16-0.84 μmol/L in the northwestern 

shelf and on the continental slope within JOSS GE-UA observations. The average value was 

0.32 μmol/L with a standard deviation of  0.22 μmol/L. The maximum concentrations of TP 

were recorded in the region of the continental slope at depths of 90-100 m. The TP 

concentrations were in the range 0.26-7.75 μmol/L in the open sea. The average TP 

concentration in the surface layer to 100 m was 1.38 μmol/L, and the standard deviation was 

1.47 μmol/L. According to observations in the south-eastern Black Sea region, the total 

phosphorus concentrations were in the range 0.23-5.36 μmol/L. The average value was 2.28 

μmol/L with a standard deviation of 1.75. 

During the JOSS GE-UA voyage, the vertical distribution of TP in all studied areas showed an 

increase in concentration with  depth. An increase in the mean concentration of TP in the 

water layer 0-100 m from the northwestern shelf and the continental slope to the 

southeastern sea region from 0.32 μmol/L to 2.28 μmol/L was observed in the regions (Fig. 

IV.2.3.3). 

а 
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b 

 c 

Figure IV.2.3.2 The distribution of DIP in the station vertical section 01 – 05 (a), the station 
vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c)  

during the JOSS GE-UA. 

                   

                                a                                                                                     b 
Figure IV.2.3.3 The average vertical distribution of the concentration of TP by Sigma-T (a) 

and depth (b) during of the JOSS GE-UA. 

The spatial vertical structure of the concentration distribution TP is shown below (Figure 

IV.2.3.4). An increase in the concentration of TP with depth and DIP was observed in all 

regions. In the southeastern part of the high seas, elevated TP concentrations were also 

observed at a depth of 20 m at station 09. 
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a 

b 

c 
Figure IV.2.3.4 The distribution of TP in the station vertical section 01 – 05 (a), the station 

vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c)  
during the JOSS GE-UA. 

 

 Nitrogen 

During the period of JOSS GE-UA observations, nitrite nitrogen N(NO2) was noted in small 

amounts in the Black Sea waters. N(NO2) concentrations varied from an analytical zero <0.04 

μmol/L to 0.23 μmol/L in the northwestern shelf and the continental slope. The average value 

was 0.06 μmol/L, and the standard deviation was 0.07 μmol/L. 63% of the total number of 

observations of the N(NO2) concentration in this region of studies had values less than the 

analytical zero <0.04 μmol/L. 

The range of nitrogen nitrite changes in the open sea was even smaller and the N(NO2) 

concentrations were in the range <0.04-0.07 μmol/L. The concentrations of N(NO2) open sea 

in the surface layer to a depth of 100 m with a value less than the analytical zero were 89% of 

the total number of observations. Therefore, the mean value during the observation period 

was 0.02 μmol/L, less than the analytical zero value. 

During the study period, a similar situation was observed for N(NO2) concentration in the 

southeast area. Nitrite nitrogen concentrations in this region were in the range <0.04-0.09 
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μmol/L, and the average value was 0.03 μmol/L. The concentrations of N(NO2) with a value 

less than the analytical zero were present 70% of the total number of observations in this 

region. The spatial distribution of nitrite nitrogen showed the relatively high concentrations 

in the northwestern part of the Black Sea (Table IV.2.3.2). 

Table IV.2.3.2 Main statistics for nitrogen concentrations – water column, JOSS GE-UA. 

Para- 

meter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

N(NO2) Shelf northwest,  
continental slope 

16 <0.04 0-98 9.6-15.8 0.23 22 13.9 0.06 0.07 

N(NO2) Open sea 28 <0.04 0-97 11.1-15.8 0.07 32 14.1 0.02 0.01 

N(NO2) Open sea southeast, 
continental slope 

20 <0.04 0-100 10.5-15.,3 0.09 70 14.3 0.03 0.02 

N(NO3) Shelf northwest, 

 continental slope 

16 <0.36 0-98 10.0-15.8 8.1 22 13.9 2.20 2.87 

N(NO3) Open sea 28 <0.36 0-93 10.8-15.8 5.2 50 15.1 1.64 1.60 

N(NO3) Open sea southeast, 
continental slope 

20 <0.36 0-27 10.4-14.0 3.1 100    15.3 1.07 1.22 

N(NH4) Shelf northwest, 

 continental slope 

16 <1,07 0-98 9.6-15.8 <1,07 0-98 9.6-15.8 - - 

N(NH4) Open sea 28 <1,07 0-97 10.8-15.8 <1,07 0-97 10.8-15.8 - - 

N(NH4) Open sea southeast, 
continental slope 

20 <1,07 0-100 10.4-15.3 <1,07 0-100  10.4-
15.3 

- - 

DIN Shelf northwest, 

 continental slope 

16 0.59 17-27 10.8-13.0 8.9 22 13.9 2.79  2.92 

DIN Open sea 28 0,59 0-12 11.1-12.1 5.8 50 15.1 2.20 1.60 

DIN Open sea southeast, 
continental slope 

20 0,59 9-16 10.6-10.8 3.7 90 14.6 1.63 1.22 

TN Shelf northwest, 

 continental slope 

16 14.64  20 10.8 133.4 94 15.7 59.1 37.2 

TN Open sea 28 26.77 0 11.1 255.6 44 14.5 124.0 65.9 

TN Open sea southeast, 
continental slope 

20 19.49 0 10.5 341.4 100 14.5 104.2 84.5 

The concentrations of nitrate nitrogen N(NO3) varied from an analytical zero <0.36 μmol/L to 

8.14 μmol/L during the JOSS GE-UA expedition in the northwestern part of the sea. Values of 

concentrations of N(NO3) were less than analytical zero in 44% of the number of observations. 

The average N(NO3) value in this region was 2.20 μmol/L, and the standard deviation was 2.87 

μmol/L. 

The concentrations of nitrate nitrogen were somewhat less in the open sea and varied within 

<0.36-5.2 μmol/L. The average value in this region was 1.64 μmol/L with a standard deviation 

of 1.60 μmol/L. The concentrations of N(NO3) <0.36 μmol/L in the high seas area accounted 

for 32% of the total number of observations. The concentrations of nitrate nitrogen varied in 

the range <0.36-3.1 μmol/L in the 0-100 m layer in the southeastern part of the sea in the 

region of Georgia. The average value was 1.07 μmol/L with a standard deviation of 1.22 

μmol/L. 

There was a decrease in both the maximum and the average for the regions of concentrations 

of N(NO3) from 2.20 μmol/L in the northwestern part of the sea to 1.07 μmol/L in its 

southeastern part, with a value in the central open sea 1.64 μmol/L. 
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During the JOSS GE-UA, the N(NH4) content in all areas was less than the analytical zero <1.07 

μmol/L. 

The amount of Dissolved inorganic nitrogen varied in the concentration range of 0.59 -8.9 

μmol/L in the northwestern shelf and in the continental slope. The mean value was 2.79 

μmol/L with a standard deviation of 2.92 μmol/L. The DIN concentrations in the open sea 

varied from 0.59 μmol/L to 8.9 μmol/L. The average value was 2.20 μmol/L with a standard 

deviation of 1.60 μmol/L. 

The concentrations of DIN in the southwestern part of the sea were lower and amounted to 

0.59-3.7 μmol/L. The average DIN concentration was 1.63 μmol/L with a standard deviation 

of 1.22 μmol/L. In general, the concentrations of DIN on average decreased from the area of 

the northwestern part of the sea to the southeast. There was an increase in DIN concentration 

with depth and a decrease in concentration from the northwestern part of the sea to the 

southeast over all studied area (Fig. IV.2.3.5). 

 

                    

                                  a                                                                                                 b 
Figure IV.2.3.5 The average vertical distribution of the concentration of DIN by Sigma-T (a) 

and depth (b) during of the JOSS GE-UA. 

The spatial vertical structure of the distribution of DIN concentration is presented in the image 

below (Fig. IV.2.3.6). An increase in DIN concentration with depth was noted in all areas. 

Elevated concentrations of DIN were observed both in the surface and in the bottom layer on 

the northwestern shelf of the Black Sea. The maximum DIN in the open part of the sea was 

observed in the intermediate layer at depths of 50-80 m. The maximum concentration in the 

southeastern part of the sea in the zone of the continental slope was determined at depths of 

90-100 m. The lowered concentrations of DIN of less than 1.0 μmol/L were noted 

predominantly in the surface layer at depth of 0-20, a maximum of 30 m outside the north-

western shelf. 
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a 

b 

c 
Figure IV.2.3.6 The distribution of DIN in the station vertical section 01 – 05 (a), the station 

vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c)  
during the JOSS GE-UA. 

Concentrations of total nitrogen varied in the range of 14.64 -133.4 μmol/L on the shelf and 

continental slope in the northwestern part of the sea. In this period the average TN 

concentration was 59.1 μmol/L, and the standard deviation was 37.2 μmol/L. 

The concentrations of TN increased in the open sea and ranged from 26.8 to  255.6 μmol/L 

with an average value of 124.0 μmol/L and a standard deviation of 65.9 μmol/L. The maximum 

value was recorded at a depth of 44 m with Sigma-T = 14.5. 

The TN concentrations varied from 19.49 μmol/L to 341.4 μmol/L in the southeastern part of 

the sea in the region of Georgia, and the average value was 104.2 μmol/L with a standard 

deviation of 84.5 μmol/L. 

The vertical distribution of TN showed an average increase in concentration with increasing 

depth. The maximum concentration of TN in the surface layer 0-45 m was observed in the 

open part of the sea. Maximum concentration of TN in the deeper part, it was observed in the 

southeastern part of the sea in the region of Georgia (Fig. IV.2.3.7). 
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The vertical structure of the distribution of TN concentration is shown below (Fig. IV.2.3.8). An 

increase in TN concentration with depth was noted in all regions. The maximum TN 

concentrations were observed on the northwestern shelf in the bottom layer. Elevated TN 

concentrations were noted in the intermediate layer at depths of 40-60 m in the open sea. 

The maximum concentrations of TN were observed in the southeastern part of the sea at a 

depth of 100 m at station № 10. 

                      
                               a                                                                                  b 

Figure IV.2.3.7 The average vertical distribution of the concentration of TN by Sigma-T (a) 
and depth (b) during of the JOSS GE-UA. 

a 

b 

c 
Figure IV.2.3.8 The distribution of TN in the station vertical section 01 – 05 (a), the station 

vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c)  
during the JOSS GE-UA. 
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 Silicate 

During the JOSS GE-UA period, the Si(SiO4) content varied from 0.43 μmol/L in the surface 

layer of the sea to 50.06 μmol/L on the continental slope at a depth of 98 m in the 

northwestern part of the Black Sea. The average Si(SiO4) value in this region was 11.52 μmol/L, 

and the standard deviation was 16.0 μmol/L. 

The concentration of silicate varied from 0.85 μmol/L to 56.51 μmol/L in the open sea. The 

minimum and maximum concentrations of silicate in the open sea were slightly higher on the 

continental slope of the northwestern part of the Black Sea. The average value in the open 

part of the sea in the depth layer 0-100 m was 21.78 μmol/L, and the standard deviation was 

20.09 μmol/L. 

The silicate content was less in the southeast of the high seas, in the region of Georgia. Its 

concentrations varied from 0.41 μmol/L in the surface layer to 35.11 μmol/L at the horizon of 

100 m. The average value here was 6.95 μmol/L with a standard deviation of 7.98 μmol/L. 

Table IV.2.3.3 Main statistics for silicates concentrations – water column, JOSS GE-UA. 

Parame
ter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. 
Dev. 

(μmol/L) 

 Si (SiO4) Shelf northwest, 

 continental slope 

16 0.43 0 9.6 50.06 98 15.8 11.52 16.00 

 Si (SiO4) Open sea 28 0.85 14.7 12.1 56.51 97 15.8 21.78 20.09 

 Si (SiO4) Open sea southeast, 
continental slope 

20 0.41 0 10.4 35.11 100 15.3 6.95 7.98 

 

In the vertical distribution of silicate, there was a clear increase in concentration with 
increasing depth (Fig. IV.2.3.9). 

                    
                                  a                                                                                                 b 

Figure IV.2.3.9 The average vertical distribution of the concentration of Si(SiO4) by Sigma-T 
(a) and depth (b) during of the JOSS GE-UA. 

The most intensive increase in the concentration of silicate was noted at the conditional 

density Sigma-T> 14.2.      

The vertical spatial structure of the silicate distribution is represented by vertical sections 

along the JOSS GE-UA route (Fig. IV.2.3.10). An increase in the silicate content with increasing 
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depth was observed in all sections. The lowest value of the average silicate concentration in 

the 0-100 m water column in the open sea was 3.33 μmol/L at station №. 6. 

a 

b 

c 

Figure IV.2.3.10 The distribution of Si(SiO4) in the station vertical section 01–05 (a), the 
station vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c)  

during the JOSS GE-UA. 

  

IV.2.4. JOSS RF 

A. Mikaelyan, V. Chasovnikov    

 Cruise route and sampling sites 

Cruise route (24-28 October 2017) consisted of three transects. 

- The 1st transect (Gelendzhik) was a standard transect which was fulfilling during last 50 

years by research vessels of P.P.Shirshov's Institute of Oceanology Russian Academy of 

Sciences (SIO RAS). It consisted of 9 stations (No 1-9) starting from 1400 m bottom depth 

to 2100 m. Total length - 82 miles. 
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- The 2nd transect (Centre) consisted of 5 stations (No 10-14) which were located along 

Russian-Turkish boundary of economic zones from 37о lat. to 39о lat. Bottom depth 

ranged from 2000 to 2200 m. Total length - 120 miles.  

- The 3nd transect (Sochi) started at the sea centre on 39о lat. and ended near town Sochi. 

It consisted of 7 stations (No 15-21) starting from 2000 m bottom depth to 1300 m. Total 

length -75 miles. 

 Methods and measurement  

The water sampling for the chemical analysis was carried out from 5-l samplers of the Rosette 

complex jointed with the Sea Bird hydrophysical probe. Samples were taken immediately after 

lifting the probe to the deck. Samples were fixed for preserve the dissolved oxygen and 

ammonium nitrogen. Samples were taken through taigon transparent hoses, which made it 

possible to control the absence of an air bubble when filling the bottles. Samples for the 

determination of nutrients (silicates, phosphates, nitrogen forms, gross nitrogen and 

phosphorus) were taken separately using the 0.5-liter plastic container without preservation. 

In the upper 50-70 m layer, the selection of the sampling depths was carried during the 

hydrological sounding, guided by the readings of the sensors of the CTD probe (temperature 

distribution, fluorescence peaks, etc.). Deeper this layer the sampling depths were chosen 

based on the water density gradients in the layer starting from 14.6 sigma-t and to the lower 

depth at 16.2 -16.3 sigma-t. 

Measurement methods of hydrochemical parameters in surface waters were applied in 

accordance with methodology approved for use in marine expedition work (RD 52.10.243-92, 

Guidelines for the chemical analysis of sea water, 1993). Sampling in the sea was carried out 

with Niskin plastic bathometers in accordance with GOST 17.1.5.05-85 "General requirements 

for sampling of surface and sea water". Immediately after the sampling, the water was poured 

into bottles for storage of samples according to GOST 17.1.5.04-81 "Protection of nature. 

Hydrosphere. Devices and equipment for the selection, primary processing and storage of 

natural water samples. General term of reference", depending on the component being 

measured. 

Concentration of dissolved oxygen was measured by the modified Winkler method, using a 

semi-automatic titration device called "Digitrate". Concentration of phosphates was 

measured photometrically by the Morphy-Riley method. Concentration of silicates was 

measured photometrically at values below 60 μmol/L in the sample according to the method 

of Korolev with the formation of a blue molybdenum complex, at higher concentrations - in 

yellow. Concentration of ammonium was measured by the Sedji-Solorzano method to form a 

phenol-hypochlorite complex. 

Nitrite concentration was measured colorimetrically according to (RD 52.10.243-92). The 

sensitivity limit of the element determination was 0.036 μmol/L. Ammount of nitrates was 

obtained colorimetrically after its reduction in cadmium columns to nitrite (RD 52.10.243-92). 

The sensitivity limit of the element determination was 0.36 μmol/L. Hydrogen sulphide 

concentration was measured photometrically at low concentrations with dimethyl-para-
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fielene diamine, and at high concentrations - by iodometric titration. Analytical measurements 

were carried out immediately after rosette lifting and water sampling. 

The tasks of hydrochemical studies included the study of the vertical distribution of 

hydrochemical elements from the surface to the density depth of 16.2-16.3 sigma-t. The 

features of the fine structure of the transition layer from aerobic zone to the anaerobic zone 

were studied. 

 Phosphorus 

The main factors determining the distribution of hydrochemical parameters in the 

investigated water area were: the hydrological structure and dynamics of water, the balance 

of the intensity of productive and destructive processes in the area of work. 

In the surface layer (0-40 meters), the phosphate concentration was not high and ranged from 

analytical zero to 0.74 μmol/L. The average value in the 0-40 m layer was 0.07 μmol/L. In the 

coastal zone of the sea, the quasihomogeneous layer deepened to 60 m. The first subsurface 

maximum of phosphate with concentration more than 1 μmol/L had a thickness of about 25 

m and was located in the open sea at a depth of 55-75 m, and deepened to 90-110 m near the 

coast. The second deep maximum ~ 7 μmol/L occupied layer between ~ 110-120 m in the deep 

basin and ~ 140-160 m near the shore. The vertical distribution of mineral phosphorus 

concentration on the transect was characterized by significantly lower values in the coastal 

zone, than in the open sea (Fig. IV.2.4.1).  

 

Figure IV.2.4.1 Distribution of phosphate on the transect from Sochi to the center of the 
sea,  27-28.10.2017. 

 Nitrogen 

Nitrite is an intermediate, not completely oxidized form of nitrogen. Its high amount may 

indicate the incompleteness of the processes of oxidation of organic matter in water. The 

concentration of nitrite, as a rule, is low and very variable, sensitive to changes in the 

biochemical and biological properties. The concentration of nitrite on the transects was 

characterized by a patchiness distribution. The range of values for the entire water column 

was from 0 to 0.086 μmol/L, the average value was 0.024 μmol/L. The subsurface maximum 

of oxidative origin was detected at depth of 30-40 meters, and was most pronounced in the 

near coastal part of the sea. The deep maximum formed due to the reduction of nitrate 
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nitrogen and the oxidation of ammonium, coming from deeper water layers, was located at a 

depth of 100-120 m. Maximum values recorded in this layer did not exceed 0.02-0.05 μmol/L.  

Nitrate nitrogen is a salt of nitric acid, the most oxidized form of nitrogen in natural waters. 

The formation of nitrate ions occurs in the presence of oxygen under the life-sustaining 

activity of nitrifying bacteria or chemically during the oxidation of the ammonium ion. The 

main processes of reducing the concentration of nitrate in the water are the consumption by 

phytoplankton or work of the denitrifying bacteria under conditions of a lack of dissolved 

oxygen. 

On most of the studied area, in surface waters nitrate was present in very small quantities. In 

the 0-30 m layer the concentration of nitrate was not exceeding 0.5 μmol/L along cruise route, 

both in the near coastal and open parts of the sea. Down to depth, the amount of NO3 

increased and reached a maximum of about 5 μmol/L at a depth of ~ 65 m in the seaward part 

and ~ 100 m at near coast stations. Deeper their concentration decreased due to restoration 

and reached an analytical zero at the depth of ~ 100 m in the open sea and at ~ 130 m in the 

near coastal region (Fig. IV.2.4.2).  

 

Figure IV.2.4.2 Distribution of nitrates on the Gelendzhik-Center transect, 24-26.10.2017. 

In the upper 100-m layer the concentration of ammonium was, mainly, less than    0.5-1.0 
μmol/L. The increased background of NH4 concentration was recorded in the most seaward 
and near coast part of the transects (Fig. IV.2.4.3). From the upper boundary of the hydrogen 
sulphide zone, the amount of NH4 increased sharply with depth. 

 

Figure IV.2.4.3 Distribution of ammonium concentration on the Gelendzhik-Center 
transect, 24-26.10.2017. 
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 Silicate 

Concentration of silicon (silicate) was not exceeding 5 μmol/L in the 0-20 m layer along all 

transects. Usually, higher concentrations of silicon are observed near the shore. However, this 

time higher concentrations were not recorded. The silicon concentration ranged in the 0-40 

m layer from 1.07 to 25 μmol/L. The average value for this layer was 5.67 μmol/L. The 

observed concentrations of silicate are in good agreement with the multiannual average 

coming from long-term archival data for the relevant season. The vertical distribution of 

silicate is characterized by sharp increase with depth. Below 60 meters, the concentration of 

silicic acid exceeded 40 μmol/L. At the bottom of sampled water column at a depth of 150-

160 meters concentration of silicate reached 80 μmol/L.  

 

IV.2.5. NPMS RF 

The concentration of phosphates content in the studied region varied from analytical zero to 

9,28 µg/dm3, the maximum value, which was just 0,2 MAC, was noticed three times - at the 

Sochi harbor, at the estuary of the Khosta river and on the traverse of the Mzymta river 

estuary 2 miles from the coast. The average value was 4,70 µg/dm3, which is a little bit lower 

than the average for all surveys of the year, but exactly coincides with the level of 2016 for 

the studied area (Fig. IV.2.5.1). In the long-term series of average concentrations, there is a 

slight decreasing trend towards inorganic phosphorus concentration in the area between 

Adler and Sochi. 

 

Figure IV.2.5.1 The average concentration of nitrates N-NO3 and P-PO4 (µg/dm3) in the 

coastal waters of Sochi-Adler region in 2002-2017. 

The total phosphorus concentration in November 2017 ranged from 13,33 to 33,99 µg/dm3, 

22,53 µg/dm3 in average, which almost completely coincides with the average value for all 

1404 samples since 2002 (23,88 µg/dm3), and 1.3 times higher than the average value for all 

147 November samples (16,84 µg/dm3). 
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The silicon concentration in 16 analyzed samples varied in the range of 530-1112 µg/dm3, 

and the average value was 804 µg/dm3, which is 3 times higher than the average estimated 

concentration for all 164 November samples analyzed since 2002 (261 µg/dm3). In general, 

in 2017, the silicic acid concentration was significantly increased in comparison with the 

entire observation period data from 2002 to 2017 (688 µg/dm3) and averaged 1154 µg/dm3, 

maximum concentration was 9540 µg/dm3. 

The ammonium nitrogen concentration varied in the range of 29,05-278,54 μgN/dm3, the 

maximum value was 0,7 MAC and was observed in the Sochi harbor in the surface layer, 

74,50 μgN/dm3 in average. This value is 1.5 times higher than the annual average 

concentration (Fig. IV.2.5.2). In general, in the studied region there has been observed a 

general increase of the ammonium concentration during last three years. 

 

Figure IV.2.5.2 Average (left scale) and maximum (right scale) ammonium nitrogen 

concentration N-NH4 (µg/dm3) in the coastal waters of  

the Sochi-Adler region in 2002-2017. 

 

During the survey on 15th of November 2017, there was almost no nitrite nitrogen observed 

in the water samples. In 9 samples out of 16, its content was below the detection limit, and 

the maximum was 2,42 µg/dm3, 0,58 µg/dm3 in average. The concentration of nitrate nitrogen 

was also low: 6,15-40,54/15,55 µg/dm3. The average value in November was almost two times 

lower than the average annual value of this parameter, which in the context of nitrate 

concentration decreasing trend during the whole observation period 2002-2017 in Sochi-Adler 

region, in 2017 showed the highest value – 28,3 µg/dm3 (Fig. IV.2.5.1). The total nitrogen 

content was relatively high and ranged from 220,4 to 417,8, with an average of 281,2 µg/dm3, 

which is lower than the annual average concentration in 2017 (358,8 µg/dm3) and the average 

long-term concentration (349,6 µg/dm3).  
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IV.3. Nutrient ratios (silica, nitrogen and phosphorus) 

IV.3.1. NPMS UA – Phyllophora field 

Optimal ratio (DIN): (DIP) for phytoplankton growth, so-called Redfield’s ratio, is 16:1 

(Redfield, 1958). Deviation from Redfield’s ratio could influence on primary production, 

concentration of phytoplankton, its biomass, species composition and trophic relations.  

The lack of an element in algae nutrition indirectly indicates its complete disappearance from 

water. During NPMS UA-Phyllophora field, phosphate-phosphorus concentrations did not 

exceed analytical zero in 72% of cases in April, in 64% of cases in July and in 94% of the total 

number of observations in August. This indicates a preferential limitation of phosphorus in the 

development of phytoplankton. The average ratio of inorganic nitrogen to inorganic 

phosphorus was 14 in April, 21 in July and 46 in August (Table IV.3.1). Data values less than 

the limit of measurements when assessing nutrient ratios were not taken into account. The 

limiting of silicates in diatom phytoplankton development in the region of the Zernov's 

Philophora field was not noted. The Si / N ratio averaged 1.62 in April, 2.85 in July, and 3.32 in 

August, with the optimum ratio of 1: 1 for growth of diatoms (Bzrezinski, 1985).  

Table IV.3.1 Main statistics for nutrients ratios – water column, NPMS UA – Phyllophora field 

Parameter Area N Min. 

(μM) 

Depth 

(m) 

Sig-T Max. 

(μM) 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

April 

N/P Shelf 5 2.00 0 13.32 33.2 10 13.19 14.03 13.59 

Si/P Shelf  5 16.7 0 13.32 52.9 18 14.12 28.34 14.64 

Si/N Shelf  7 0.86 0 12.67 2.54 19 14.15 1.62 0.74 

July 

N/P Shelf 5 5.10 30 14.00 31.0 29 13.67 20.98 12.09 

Si/P Shelf  5 10.3 30 14.00 89.4 20 13.46 64.48 39.41 

Si/N Shelf 13 1.63 10 9.07 8.26 20 13.46 2.85 1.94 

August 

N/P Shelf 1 45.7 23 13.87 45.7 23 13.87 45.72 - 

Si/P Shelf 1 95.0 23 13.87 95.0 23 13.87 95.00 - 

Si/N Shelf 9 0.37 17 10.06 13.77 28 13.99 3.32 4.14 

 

IV.3.2. NPMS UA 

During the environmental survey NPMS UA, phosphate phosphorus concentration in the 

coastal zone did not exceed the analytical zero in 55.6% of cases, and in the central zone of 

the shelf in 94.1% of cases from all observations. This determines the limitation of phosphorus 

during this period in the development of phytoplankton. In August the N / P ratio varied in the 

coastal zone from 4.48 to 34.5 with an average value of 19.0 and a standard deviation of 10.76 

(Table IV.3.2). The N / P ratio was 45.72, which also indicates the limitation of inorganic 

phosphorus in the development of phytoplankton in the central shelf zone of the 
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northwestern part of the Black Sea. There was a single case of exceeding the phosphorus 

concentration of phosphate analytical zero in that area. 

Table IV.3.2 Main statistics for nutrients ratios – water column, NPMS UA 

Para-
meter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

N/P Coastal 8 4.48 3 8.63 34.5 0 8.86 19.02 10.76 

N/P Shelf 1 45.7 23 13.87 45.7 23 13.87 45.72 - 

Si/P Coastal 8 4.70 3 8.63 60.9 9.5 11.41 30.97 18.80 

Si/P Shelf 1 95.0 23 13.87 95.0 23 13.87 95.00 - 

Si/N Coastal 11 0.35 0 5.62 8,96 0 8.02 2.33 2.36 

Si/N Shelf 9 0.37 17 10.06 13.77 28 13.99 3.32 4.14 

Limitation of silicates was not noted in the development of diatom phytoplankton in the 

coastal and central shelf zone according to the averaged values. The Si / N ratio averaged as 

2.33 in the coastal zone and as 3.32 in the central part of the shelf. The Si / N ratios values 

below 1.0 were observed in one case in the coastal zone and in two cases in the central part 

of the shelf. 

IV.3.3. JOSS GE-UA 

During the observation period at the Odessa-Batumi JOSS GE-UA survey on the shelf and 

continental slope of the northwestern part of the Black Sea, phosphate phosphorus 

concentrations did not exceed analytical zero in 68.8% of cases. Concentrations below the 

analytical zero constituted 25.0% of cases from the total number of observations in the open 

part of the sea and in its southeastern part. The average N / P ratio for the regions was 12.41 

in the northwestern part of the Black Sea, 3.83 in the open sea and 5.28 in its southeastern 

part (Table IV.3.3). 

Table IV.3.3 Main statistics for nutrients ratios – water column, JOSS GE-UA 

Para-
meter 

Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

N/P Shelf northwest, 
continental slope 

5 2.10 98 15.84 36.36 47 14.07 12.41 14.60 

N/P Open sea 21 0.37 97 15.84 9.88 91 15.68 3.83 2.44 

N/P Open sea southeast, 
continental slope 

14 0.50 9 10.52 10.24 50 14.23 5.28 3.05 

Si/P Shelf northwest, 
continental slope 

5 14.28 17 12.25 143.6 98 15.84 63.60 50.45 

Si/P Open sea 21 5.16 97 15.57 164.5 93 15.76 41.07 47.08 

Si/P Open sea southeast, 
continental slope 

14 1.48 9 10.52 50.34 100 14.45 21.21 13.05 

Si/N Shelf northwest, 
continental slope 

9 0.34 0 9.62 17,74 94 15.69 3.55 5.38 

Si/N Open sea 19 0.86 39 14.27 59.73 97 15.84 11.06 13.71 

Si/N Open sea southeast, 
continental slope 

11 1.67 80 14.47 13.18 30 13.77 4.89 3.52 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

292 

IV.4. Direct effects of nutrient enrichment 

IV.4.1. Chlorophyll-a 

 NPMS UA-Phyllophora field, NPMS UA, JOSS GE-UA 

V. Ukrayinskyy, S. Kovalyshyna 

 

The concentration of chlorophyll-a is one of the main indicators of water trophicity, 

microalgae productivity. It shows a quick response to pollution with nutrients. The 

concentration of chlorophyll-a in the region of the Zernov's Phyllophora field varied from 0.31 

to 2.59 μg/L and averaged 1.16 μg/L in April, 1.02 μg/L in July, and 0.92 μg/L in August (Table 

IV.4.1.1). 

Table IV.4.1.1 Main statistics for Chlorophyll-a concentrations – water column, NPMS UA-
Phyllophora field 

Parameter Area N Min. 

(µg/L) 

Depth 

(m) 

Sig-T Max. 

(µg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(µg/L) 

Std. Dev. 

(µg/L) 

April 

Chlorophyll-a Shelf 18 0.56 30 14.40 2.50 0 12.94 1.16 0.46 

July 

Chlorophyll-a Shelf 23 0.40 24 13.71 2.59 15 10.05 1.02 0.60 

August 

Chlorophyll-a Shelf 17 0.31 25 13.94 1.84 19 12.96 0.92 0.51 

 

The vertical distribution of chlorophyll-a showed a general tendency to decrease its 

concentration with increasing depth. On average, an intermediate maximum is observed at 

depths of 15-20 m, which is well manifested in June and August (Fig. IV.4.1.1, IV.4.1.2). 

  
a                                               b 

 

Figure IV.4.1.1 The average vertical distribution of the concentration of Chlorophyll-a by 
Sigma-T (a) and depth (b) during of the NPMS UA-Phyllophora field  

in April, July, August 2017. 



Scientific Report – Joint Black Sea Surveys 2017 

 

293 

In August, during an environmental survey of the north-western part of the Black Sea, elevated 

chlorophyll-a concentrations were recorded in the coastal zone with a maximum of  5.57 μg/L 

(Table IV.4.1.2). 

 

a 

 
b 

 
c 

Figure IV.4.1.2 The distribution of Chlorophyll-a in the vertical section 04ph –11ph during 
the NPMS UA-Phyllophora field in April (a), July (b), August (c) 2017. 

Table IV.4.1.2 Main statistics for Chlorophyll-a concentration – water column, NPMS UA 

Parameter Area N Min. 

(µg/L) 

Depth 

(m) 

Sig-T Max. 

(µg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(µg/L) 

Std. Dev. 

(µg/L) 

August 

Chlorophyll-a Coastal 16 0.98 0 9.12 5.57 0 8.02 2.74 1.51 

Chlorophyll-a Shelf 17 0.31 25 13.94 1.84 19 12.96 0.92 0.51 
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In August, the maximum concentrations of chlorophyll-a were observed in the surface layer in 

the northern part of the shelf under the influence of the transformed waters of the Dnieper-

Bug estuary. Concentration of chlorophyll-a In the zone of influence of the Danube water, the 

surface layer was at a level of 3.5-3.6 μg/L. In the central part of the shelf in the zone of the 

Zernov's phyllophora, the concentration of chlorophyll in the surface layer did not exceed 1.0 

μg/L. Elevated values of chlorophyll-a concentration >3.0 μg/L were observed in the near-

bottom layer in the Odessa Gulf, in the region of the influence of the waters of the Dniester 

estuary and on the Danube seashore (Fig. IV.4.1.3). 

  

a b 
Figure IV.4.1.3 The spatial distribution of Chlorophyll-a in the surface (a) and bottom (b) 

layers of the sea during the NPMS UA in August 2017 

During the period of ecological observations of JOSS GE-UA along the Odessa-Batumi route, 

the concentration of chlorophyll-a in the surface layer of 0-50 m varied within 0.17-      2.01 

μg/L. The maximum value of the concentration of chlorophyll-a was noted on the 

northwestern shelf of the sea near the Odessa Gulf. The average concentration of chlorophyll-

a for the selected areas was in the range 0.46-0.62 μg/L (Table IV.4.1.3). In the vertical 

distribution of chlorophyll a, maxima are observed at depths of 15-35 m (Fig. IV.4.1.4) 

Table IV.4.1.3 Main statistics for Chlorophyll-a concentration – water column, JOSS GE-UA 

Para-meter Area N Min. 

(µg/L) 

Depth 

(m) 

Sig-T Max. 

(µg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(µg/L) 

Std. Dev. 
(µg/L) 

Chlorophyll-a Shelf northwest, 
continental slope 

14 0.25 50 14.14 2.01 14 13.79 0.62 0.45 

Chlorophyll-a Open sea 16 0.17 50 15.08 1.11 39 14.27 0.46 0.25 

Chlorophyll-a Open sea southeast, 
continental slope 

16 0.25 12 10.69 0.77 30 13.77 0.50 0.17 
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a b 

Figure IV.4.1.4 The average vertical distribution of the concentration of Chlorophyll-a by 
Sigma-T (a) and depth (b) during of the JOSS GE-UA 

The presented vertical sections fully reflect the distribution pattern of chlorophyll-a along the 
JOSS GE-UA route with a subsurface maximum of its concentration at depths of 10-20 m in the 
northwestern shelf and a maximum concentration in the 20-40 m layer in the open deep sea 
part (Fig. IV.4.1.5). 

 
a 

 
b 

 
c 
Figure IV.4.1.5 The distribution of Chlorophyll-a in the station vertical section 01–05 (a), 

the station vertical section 05 – 08 (b) and the station vertical section 09 – 12 (c) during the 
JOSS GE-UA 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

296 

 JOSS RF 

S. Mosharov 

IV.4.1.2.1. Measurement methods  

The concentration of chlorophyll-a (Chl) was estimated fluorimetrically (Holm-Hansen, 

Riemann, 1978). Water samples of 500 ml volume were filtered through a Whatman GF/F 

glass fiber filter with a vacuum of not more than 0.3 atm. The filter was placed in 90% acetone 

and kept at a temperature of +4 °C for 24 hours. Fluorescence of the extracts was then 

measured using a MEGA-25 fluorometer (MSU, Russia). 

The depth of the euphotic zone was determined using light sensors in the FAR spectrum (Li-

190A and Li-192A, Li-Cor Co, USA). The lower boundary of the euphotic layer was defined as a 

depth of penetration of 1% of the surface solar radiation. Integral values of chlorophyll-a in 

the water column were calculated using the trapezium method. 

During the survey 72 water samples were taken at 11 stations for measurements of the 

amount of phytopigments (chlorophyll-a and phaeophytin). Samples for chlorophyll were 

taken at all stations from 6 depths. On two stations 9 and 19 sampling was conducted from 9 

depths.  

The primary production (PP) was estimated using a radiocarbon modification of the bottle 

method (Steemann Nielsen, 1952). Under low light conditions, a solution of NaH14CO3 was 

added to bottles with 50 ml water samples. The exposure of the vials with samples was carried 

out according to the method of simulating light and temperature conditions in the original 

laboratory incubator with adjustable LED illumination and maintaining the necessary 

incubation temperature with the help of the aquarium cooler Hailea-100 (Mosharov et al., 

2015). At the end of the incubation, water samples were filtered through membrane filters 

"Vladipor" (Russia) with a pore diameter of 0.45 μm with a vacuum of not more than 0.3 atm. 

The radioactivity of the filters was measured using a Triathler liquid scintillation counter 

(Hidex, Finland). 

The depth of the euphotic zone was determined using light sensors in the FAR spectrum (Li-

190A and Li-192A, Li-Cor Co, USA). The lower boundary of the euphotic layer was defined as a 

depth of penetration of 1% of the surface solar radiation. Integral values of primary production 

(PPI) in the water column were calculated using the trapezium method. 

 

IV.4.1.2.2. Results 

During the survey the Chl in the zone of photosynthesis (the upper layer of the water column 

to depths of 27-45 m) varied from 0.35 to 1.41 (average 0.96 ± Standard error of mean = 0.23) 

µg/L. At all stations the bulk of the Chl (73-99% of the total stock in the water column) was 

concentrated in the zone of photosynthesis. Almost at all stations, the maximum values of Chl 

were measured in the lower part of the zone of photosynthetic zone at depths of 17-38 m (Fig. 

IV.4.1.6). The exception was St. No. 3, where the maximum of Chl was observed near the 

surface. At the same time, the Chl maxima were weakly expressed. The ratio of the Chl in the 
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layer of maximum and mean concentration for the photosynthesis zone in the water column 

(Chlmax / Chlmean) was chosen as a quantitative indicator of a uniform distribution with depth. 

For all stations, this ratio varied from 1.12 to 1.48 (1.29 on average), which indicates that the 

vertical distribution of phytopigments in the zone of photosynthesis was close to uniform. The 

Chl below the photosynthetic layer varied within the range of 0.02-0.34 (average 0.15 ± 0.11) 

µg/L. The total Chl under the water column varied from 28.4 to 45.4 µg/L with the average of 

36.9 ± 4.6 µg/L.  

 

 

Figure IV.4.1.6 Vertical distribution of chlorophyll-a (Chl) in the water column  
during the RF survey 24-28 October 2017. 

 

Chlorophyll-a is the main photosynthetic pigment of phytoplankton, which determines the 

processes of photosynthesis - the formation of organic matter due to solar energy. However, 

the pigment activity varies considerably during the season or depending on the favorable 

environmental conditions. The share of phaeophytin (inactive form of chlorophyll-a) in the 

total (chlorophyll + phaeophytin) pigment amount can be considered as the simplest indicator 

of the total potential physiological activity of chlorophyll-a (i.e. its ability to accept solar energy 

and transmit it to photosynthesis). During the survey in the northeastern part of the sea, the 

proportion of pheophytin averaged 48 ± 15%. It was of 42 ± 6% on the average for the layer 

of photosynthesis and 75 ± 11% for deeper layer. These values reflect the moderate potential 

activity of chlorophyll-a inherent to the autumn stage of seasonal succession of 

phytoplankton. A marked decrease in this parameter (i.e. the decrease of activity of 

chlorophyll) in the lower layers of the water column may be due to sinking of inactive 

phytoplankton cells, as well as long existing (as a result of the water column stratification) of 

the pigment at a very low irradiance. On 1st transect (stations 1-9) positioned perpendicularly 

to the coastline in the Gelendzhik region the Chl in the photosynthetic layer varied from 0.61 

to 1.33 (averaged 0.97 ± 0.21) µg/L (Fig. IV.4.1.7). 
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Figure IV.4.1.7 Vertical distribution of chlorophyll- a (µg/L) on the 1st transect. 

 

At the nearest to the shore of station 1 the bulk of Chl is contained in the lower part of the 

zone of photosynthesis (layer 20-40 m). At the next station 3 Chl was distributed more evenly 

with depth showing a maximum at the surface. At stations 5-9 a layer of high Chl was located 

deeper 20 m. The total Chl under the water column varied from 32.7 to 45.4 (on the average 

38.7 ± 4.8) µg/L. 

On the 2nd transect (stations 9-15) positioned in a parallel to the shoreline, the Chl in the 

photosynthetic layer varied from 0.76 to 1.40 (0.97 ± 0.18) µg/L. The layer of high pigment 

concentration (> 1.0 µg/L) gradually increased from a depth of 30 m at station 9 to 20 m at 

station 15. The total Chl under the water column ranged from 34.8 to 41.0 (37.2 ± 2.7) µg/L. 

On the 3rd transect (stations 15-21) positioned perpendicularly to the shoreline, the Chl in the 

photosynthetic layer varied from 0.36 to 1.41 (0.99 ± 0.23) µg/L (Fig. IV.4.1.8). It should be 

noted that the lower boundary of the layer with high Chl elevated to 30 m (versus 35-40 m on 

other two transects). The total Chl under the water column varied from 28.4 to 37.7 (34.2 ± 

4.1) µg/L.   
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Figure IV.4.1.8 Vertical distribution of chlorophyll-a (µg/L) on the 3rd transect. 

  

Primary production 

At 9 stations 60 water samples were taken to measure the PP. The thickness of the layer of 

photosynthesis during the survey varied from 27 to 38 m and on all stations significantly 

exceeded the depth of the UML. The integrated PP of phytoplankton varied from 63.4 to 264.4 

(average 145.4 ± 56.8) mg C/m3 day-1 (Fig. IV.4.1.9). Waters at the station 3 were most 

productive, while the lowest PP was observed at station 21. 

 

Figure IV.4.1.9  Integral primary production in the water column during the JOSS RF survey 
24-28 October 2017. 

 

The values of the assimilation number (AN, ratio between PP and Chl), which indicates the 

activity of the photosynthetic apparatus of phytoplankton varied from 0.02 to 1.1 mg C / mg 

Chl per hour. Taking into account that the maximum and minimum values of the assimilation 

number differed in almost 50 times and that the Chl in the euphotic layer varied 40 times, it 
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can reasonably be assumed that the PP was determined at high extent by the activity of 

chlorophyll-a and at less extent by the biomass of phytoplankton.  

On the 1st transect (stations 1-9), the distribution of the PP in the water column demonstrated 

a significant heterogeneity (Fig. IV.4.1.10). 

 

Figure IV.4.1.10 Vertical distribution of primary production (mg C / m3 per day) in the 
water column on 1st transect. 

The values varied from 0.89 to 16.45 (4.84 ± 4.09) mg C/m3 per day. At station 1 the maximum 

of the PP was observed at a depth of 20 m. At stations 3 and 5 the maximum of the PP was 

located in the upper part of the zone of photosynthesis (0-10 m). At station 9 the most remote 

from the shore the PP was low. On the transect the maximum assimilation number (ANmax) in 

the water column, which indicates the photosynthetic activity of phytoplankton, varied from 

0.39 to 1.03 mg C/mg Chl per hour. The highest values were recorded at stations 3 and 5. 

On the 2nd transect (stations 9-15) the PP in the water column varied from 0.35 to 11.6 mg 

C/m3 per day, on the average of 3.64 ± 2.74 mg C/m3 per day. Significant increase in PP in the 

subsurface layer occurred at station 15. High values of PP were observed in the lower part of 

the photosynthetic zone at station 11. At these two stations the Chl varied insignificantly with 

depth, which means that the vertical distribution of the PP was related to the AN, i.e. to 

different activity of phytoplankton. The values of ANmax varied from 0.39 to 1.01 mg C/mg Chl 

per hour with a maximum at station 15. 

On the 3rd transect (stations 15-21), the PP in the water column varied from 0.23 to 11.6 mg 

C/m3 per day, on the average of 4.17 ± 2.85 mg C/m3 per day. Relatively high values of PP 

occurred in the lower part of the photosynthetic zone at station 17 (Fig. IV.4.1.11), which in 

this case was caused by a significant increase of the Chl in this layer. In the upper part of the 

photosynthetic zone (0-10 m), high PP was based on high AN which were associated with the 

favorable conditions of illumination. 
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Figure IV.4.1.11 Vertical distribution of primary production (mg C / m3 per day) in the 
water column on 3rd transect. 

 

A comparison of the results with those obtained in previous studies in May 2016 (Slobodnik 

et al., 2017) makes it possible to estimate the inter-seasonal variability of the production 

parameters of phytoplankton in the northeastern part of the Black Sea. Integral primary 

production in October was on average 1.5 times lower than that in the spring-summer period 

(May-June). The photosynthetic activity of phytoplankton in October was in 2.5 times less than 

that in May. The values of ANmax averaged in May and October 1.79 and 0.71 mg C/mg Chl per 

hour, respectively. The vertical distribution of Chl in May and October was similar: rather even 

distribution with maxima in various layers from 10 to 40 m. However, the amplitude of the Chl 

maximum in the spring was slightly higher (the ratio of Chlmax / Chlmean was 1.54 and 1.29 in 

May and October, respectively). The average proportion of phaeophytin in the total pigment 

amount (chlorophyll + phaeophytin) in May 2016 was 33%, while in October 2017 it was 44%, 

showing the decrease in the total potential photochemical activity of chlorophyll-a at the end 

of the growing season. 

IV.4.1.2.3. Conclusions 

The works in the survey of the R/V “Borey” was conducted on a background of a unique 

natural phenomenon - unusually high cyclonic activity observed throughout the central basin 

of the sea. As a consequence, many properties of the environment were different from the 

multi-annual averages. This was reflected in the several characteristics of ecosystem. High 

position of the upper boundary of the CIL occurred, which practically reached the lower 

boundary of the photosynthetic zone. The minimum depth of the upper hydrogen sulphide 

margin was shallower than the usual position (83 meters). It was recorded in the cyclonic 

eddy. The extremely high position of the boundary of the oxygen zone (20 μM) was observed 
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in the region of cyclonic upraise on the 1st transect, where it was 65-75 m, which is 

significantly higher than the mean multi-annual annual 90 m. 

Such unusual hydrophysical and hydrochemical situation led to the peculiarities in the 

horizontal and vertical distribution of biological parameters. Species composition of 

phytoplankton differed significantly in the zone of cyclonic upraise and outside it. The total 

biomass of phytoplankton, the amount of bacterioplankton and primary production were 

higher in this zone. The vertical distribution of all mentioned above parameters in addition to 

high values in the UML had characteristic deep maxima in the thermocline layer and lower, 

which is usually not so pronounced in autumn. The high Chl and unusually significant values 

of primary production were observed in this layer, which, presumably, was caused by 

unusually high cyclonic activity in the central basin of the sea. At the same time, this deep 

maximum of phytoplankton was made mainly of small nano- and picoplankton, while large 

diatoms prevailed in the UML. The latter corresponded to classical concept of the autumn 

development of phytoplankton. Thus, significant changes in the physical and chemical 

conditions of the environment determined unusual features of the biological structure of the 

ecosystem of the deep-water basin. 
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IV.4.2. Suspended solids 

Suspended solids have a direct effect on the state of water transparency. The concentration 

of suspended solids is related to the hydrochemical regime of sea water, and also depends on 

anthropogenic factors. The suspended solids enter before most classifications of the 

assessment of quality and trophicity of waters. During the observation period of NPMS UA-

Phyllophora field, the concentration of suspended solids varied between 0.46 and 7.67 mg/L. 

The average concentration of suspended solids in April was 6.55 mg/L, in July 2.32 mg/L and 

in August 5.84 mg/L. The maximum values of suspended substance concentration during the 

observation period were at the level of 7.19-7.67 mg/L (Table IV.4.2.1). 

Table IV.4.2.1 Main statistics for Suspended solids concentrations – water column, NPMS 
UA-Phyllophora field 

Parameter Area N Min. 

(mg/L) 

Depth 

(m) 

Sig-T Max. 

(mg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(mg/L) 

Std. Dev. 

(mg/L) 

April 

Suspended 
substances 

Shelf 10 5.28 40 14.62 7.67 0 13.67 6.55 0.64 

July 

Suspended 
substances 

Shelf 8 0.46 0 8.64 7.19 36 14.02 2.32 2.93 

August 

Suspended 
substances 

Shelf 8 4.33 0 9.27 7.65 28 13.99 5.84 1.10 

In July and August, the maximum concentrations of the vertical distribution of suspended 

matter in the zone of the Zernov's phyllophora field were observed on average in the bottom 

layer above 7.0 mg/L (Fig. IV.4.2.1). 

 

  
a b 
Figure IV.4.2.1The average vertical distribution of the concentration of Suspended solids 

by Sigma-T (a) and depth (b) during the NPMS UA-Phyllophora field  
in April, July, August 2017. 

The maximum values were observed at stations 10ph and 11ph in the bottom layer on vertical 
sections 04ph -11ph (Fig. IV.4.2.2). 
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a 

 
b 

 
c 

Figure IV.4.2.2The distribution of Suspended solids in the vertical section 04ph –11ph 
during the NPMS UA-Phyllophora field in April (a), July (b), August (c) 2017. 

During the environmental survey of NPMS UA, concentrations of suspended solids varied from 

4.33 mg L to 19.80 mg/L. Maximum concentrations were observed in the coastal zone. The 

average concentrations of suspended matter in the coastal zone were 8.51 mg/L and in the 

central zone on the shelf decreased to 5.84 mg/L (Table IV.4.2.2). 

Table IV.4.2.2 Main statistics for Suspended solids concentrations – water column, NPMS 
UA 

Parameter Area N Min. 

(mg/L) 

Depth 

(m) 

Sig-T Max. 

(mg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(mg/L) 

Std. Dev. 

(mg/L) 

August 

Suspended 
substances 

Coastal 14 4.95 15.7 9.37 19.80 0 5.62 8.51 4.23 

Suspended 
substances 

Shelf 8 4.33 0 9.27 7.65 28 13.99 5.84 1.10 

The spatial distribution of suspended solids both in the surface layer and in the bottom was 
maximum concentrations observed on the Danube seashore. The concentrations of 
suspended solids were approximately 6.0 mg/L in most of the study area (Fig. IV.4.2.3). 
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a b 
Figure IV.4.2.3 The spatial distribution of Suspended solids in the surface (a) and bottom 

(b) layers of the sea during the NPMS UA in August 2017 

During the observation period at the Odessa-Batumi JOSS GE-UA transition, concentrations of 

suspended solids on the sea surface varied within 5.38 - 11.60 mg/L. On average, 

concentrations of suspended solids rose from 5.94 mg/L on the shelf, to 6.70 mg/L in the open 

sea and to  8.42 mg/L in its southeastern part (Table IV.4.2.3). It should be noted that 

observations on the northwestern shelf were carried out in its central part where the 

concentrations of suspended solids were relatively low.     

Table IV.4.2.3 Main statistics for Suspended solids concentrations – surface water layer, 
JOSS GE-UA. 

Para-meter Area N Min. 

(µg/L) 

Depth 

(m) 

Sig-T Max. 

(µg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(µg/L) 

Std. Dev. 

(µg/L) 

Suspended 
solids 

Shelf northwest, 
continental slope 

4 5.38 0 9.66 6.52 0 11.07 5.94 0.55 

Suspended 
solids 

Open sea 4 6.65 0 11.09 6.76 0 12.06 6.70 0.05 

Suspended 
solids 

Open sea southeast, 
continental slope 

4 5.97 0 10.41 11.60 0 10.60 8.42 2.50 

IV.4.3. Water transparency 

Transparency is one of the main indicators of the degree of water eutrophication, depends on 

the number, size and nature of the suspended particles in water and is closely related to the 

attenuation of light and the accumulation of plankton. The relative transparency of the water 

(the depth of visibility of the white disk with a diameter of 30 cm) in the region of the Zernov 

phyllophora field was in the range 4.0-10.5 m and averaged 8.5 m in April, 4.6 m in July and   

7.1 m in August (Table IV.4.3.1). Spatial distribution showed relatively elevated values of water 

transparency in the southeastern part of the Phyllophora field region remote from the coastal 

zone and river runoff (Fig. IV.4.3.1). 
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Table IV.4.3.1 Main statistics for Water transparency – surface water, NPMS UA-Phyllophora 
field 

Parameter Area N Min. 

(m) 

Depth 

(m) 

Sig-T Max. 

(m) 

Depth 

(m) 

Sig-T 

 

Mean 

(m) 

Std. Dev. 

(m) 

April 

Transparency Shelf 5 7.0 0 13.32 10.5 0 13.67 8.5 1.3 

July 

Transparency Shelf 4 4.0 0 8.61 6.0 0 8.63 4.6 1.0 

August 

Transparency Shelf 4 7.0 0 8.80 7.5 0 8.80 7.1 0.3 

 

 
a 

 

b 

 
c 

Figure IV.4.3.1 The distribution of Water transparency in the NPMS UA-Phyllophora field in 
April (a), July (b), August (c) 2017 
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In August, during the ecological expedition NPMS UA, the water transparency on the 
northwestern shelf of the Black Sea varied from 1.5 m to 7.5 m (Table IV.4.3.2). Minimum 
values of water transparency less than 3.0 m were observed in the coastal area in the river 
flow influence zone. In the central part of the shelf in the zone of the phyllophoric field, the 
water transparency was 7.0 m or more (Fig. IV.4.3.2). 

 

Table IV.4.3.2 Main statistics for Water transparency – surface water, NPMS UA 

Parameter Area N Min. 

(mg/L) 

Depth 

(m) 

Sig-T Max. 

(mg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(mg/L) 

Std. Dev. 

(mg/L) 

August 

Transparency Coastal 7 1.5 0 8.86 4.0 0 9.28 2.57 1.16 

Transparency Shelf 4 7.0 0 8.80 7.5 0 8.80 7.13 0.25 

 

 

Figure IV.4.3.2 The distribution of Water transparency in the NPMS UA in August 2017. 

 

During the JOSS GE-UA observations in the open deep sea, the water transparency varied 

between 8.5-14.0 m and averaged 11.33 m in the open sea and 11.83 m in the southeaSt. No. 

Transparency of waters in the northwestern shelf, in the zone of the Phyllophora field, during 

this period was 7.0 m (Table IV.4.3.3). It should be noted that the transparency of water in the 

open part of the sea by about 4 m was less than the transparency of the water observed prior 

to the eutrophication period (early 70s of the last century). 

Table IV.4.3.3 Main statistics for Water transparency – surface water, JOSS GE-UA 

Para-meter Area N Min. 

(µg/L) 

Depth 

(m) 

Sig-T Max. 

(µg/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(µg/L) 

Std. Dev. 

(µg/L) 

Transparency Shelf northwest, 
continental slope 

1 7.0 0 11.07 7.0 0 11.07 - - 

Transparency Open sea 3 8.5 0 11.09 14.0 0 11.13 11.33 2.75 

Transparency Open sea southeast, 
continental slope 

3 11.0 0 10.60 13.0 0 10.60 11.83 1.04 
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IV.5. Indirect effects of nutrient enrichment 

IV.5.1. Dissolved oxygen 

 NPMS UA-Phyllophora field 

The dissolved oxygen content associated with the decomposition of organic matter in water 

is an indicator of the degree and scale of waters eutrophication. 

Oxygen concentration in the area of the Zernov's Phyllophora field during the observation 

period was in the range of 136.9 - 387.2 μmol/L (Table IV.5.1). On average, the oxygen 

concentration in April was at 353.5 μmol/L and decreased in the summer to 254.8 μmol/L in 

July and 216.8 µmol/L. in August. The values of the maximum and minimum oxygen 

concentrations decreased. The relative saturation of water with oxygen reached a maximum 

of 137% at a depth of 10 m in July. The minimum value of the relative saturation of water with 

oxygen was 42% in the bottom layer at a depth of 22.5 m in August (Table IV.5.2). 

Table IV.5.1 Main statistics for Oxygen dissolved – water column, NPMS UA-Phyllophora 
field. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

April 

Dissolved 
oxygen 

Shelf 18 335.6 19 14.15 387.2 24 14.51 353.5 12.48 

July 

Dissolved 
oxygen 

Shelf 25 190.2 18 12.62 342.2 10 9.09 254.8 32.34 

August 

Dissolved 
oxygen 

Shelf 17 136.9 22.5 13.87 266.6 17 10.06 216.8 39.37 

Table IV.5.2 Main statistics for Oxygen relative content – water column, NPMS UA-
Phyllophora field. 

Parameter Area N Min.  
% saturation 

Depth 

(m) 

Sig-T Max.  
% saturation 

Depth 

(m) 

Sig-T 

 

Mean  
% saturation 

Std. Dev. 

% saturation 

April 

Dissolved 
oxygen 

Shelf 18 95.0 19 14.15 110. 0 10 13.31 103.7 3.6 

July 

Dissolved 
oxygen 

Shelf 25 60.0 20 13.46 137.0 10 9.09 94.4 17.6 

August 

Dissolved 
oxygen 

Shelf 17 42.0 22.5 13.87 106.0 17 10.06 81.0 22.9 

The average vertical distribution of oxygen concentration and its relative saturation in the 

study area of the Zernov’s Phyllophora field by months is shown in Figures  (Fig. IV.5.1, IV.5.2), 

where observed decrease oxygen content with depth. 
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                                      a                                                                                                b 

Figure IV.5.1 The average vertical distribution of the concentration of Oxygen dissolved by 
Sigma-T (a) and depth (b) during the NPMS UA-Phyllophora  

field in April, July, August 2017. 

                               
                                 a                                                                                                     b 
Figure IV.5.2 The average vertical distribution of the concentration of Oxygen dissolved by 

Sigma-T (a) and depth (b) during the NPMS UA-Phyllophora field  
in April, July, August 2017. 

At the section 04ph-11ph in the area of Zernov's Phyllophora field the maximum oxygen 

content was noted in the bottom layer at the station 10ph, as well as in the intermediate layer 

5-15 m (Fig. IV.5.3). 

  a 

  b 
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  c 

Figure IV.5.3 The distribution of Oxygen dissolved in the vertical section 04ph –11ph during 
the NPMS UA-Phyllophora field in April (a), July (b), August (c) 2017. 

In June, in this layer at the station 10ph was observed and the maximum relative water 
saturation with oxygen 137% (Fig. IV.5.4). 

   a 

  b 

  c 
Figure IV.5.4 The distribution of Oxygen relative saturationin in the vertical section 04ph –

11ph during the NPMS UA-Phyllophora field in April (a), July (b), August (c) 2017. 
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 NPMS UA 

In August, during the execution of environmental shooting NPMS UA on the North-Western 

shelf, the concentration of dissolved oxygen in the coastal waters was in the range of 89.7-

300.3 µmol/L. On the shelf, in its Central part, during the observation period, the 

concentrations of dissolved oxygen in the water varied in the range 136.9-266.6 µmol/L (Table 

IV.5.3). In the coastal zone, dissolved oxygen concentrations decreased to less than the 

maximum permissible concentration for inland waters and the Ukrainian territorial sea (4.0 

mg/L or1 125.0 µmol/L). 

Table IV.5.3 Main statistics for Oxygen dissolved – water column, NPMS UA. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std. Dev. 

(μmol/L) 

August 

Dissolved 
oxygen 

Coastal 18 89.7 9.5 11.41 300.3 0 8.02 209.5 55.1 

Dissolved 
oxygen 

Shelf 17 136.9 22.5 13.87 266.6 17 10.06 216.8 39.37 

The relative oxygen saturation of the waters in the coastal zone varied from 32.0% to 126.0% 

with an average value of 87.1%. On the shelf in the area of the Phyllophora field, the relative 

oxygen saturation of the water was within 42.0-106.0%, and the average was 81.0% (Table 

IV.5.4). 

Table IV.5.4 Main statistics for Oxygen relative content – water column, NPMS UA. 

Parameter Area N Min. 

 (% 
saturation) 

Depth 

(m) 

Sig-T Max. 

 (% 
saturation) 

Depth 

(m) 

Sig-T 

 

Mean 

(% 
saturation) 

Std. Dev. 

 (% 
saturation) 

August 

Dissolved 
oxygen 

Coastal 18 32.0 9.5 11.41 126.0 0 8.02 87.1 24.3 

Dissolved 
oxygen 

Shelf 17 42.0 22.5 13.87 106.0 17 10.06 81.0 22.9 

For a vertical section 04w-05w elevated concentrations were observed at stations 10ph in the 

layer of 0-15 m. The relative saturation of waters more than 100% in the surface layers was at 

stations 04ph – 05w (Fig. IV.5.5) 

  
a                                                                                         b 

Figure IV.5.5 The distribution of the Oxygen dissolved concentration (a) and the relative 
oxygen saturation (b) in NPMS UA August 2017. 
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In the spatial distribution of dissolved oxygen concentration, the minimum values of its 

concentration and relative saturation in both the bottom and surface layers were observed in 

the coastal zone in the Northern part of the Northwest shelf on the traverse of the New 

Dofinovka (Fig. IV.5.6, IV.5.7). Low values of oxygen content in the surface layer of this area 

were caused by water upwelling by the Northern winds. 

 

a    b 
Figure IV.5.6 The distribution of the Oxygen dissolved concentration (a) and the relative 

oxygen saturation (b) in the surface in NPMS UA August 2017. 

 

   
a                                                                              b 

Figure IV.5.7 The distribution of the Oxygen dissolved concentration (a) and the relative 
oxygen saturation (b) in the bottom in NPMS UA August 2017. 

 JOSS GE-UA 

During observations at the transition of the Odessa-Batumi concentration of dissolved oxygen 

in the layer 0-100 m in the North-Western shelf and continental slope changed in the range 

7.5 - 320.6 μmol/L with a relative saturation of water 2.4-104.0 %. 

In an open deep-water part of the sea the concentration of dissolved oxygen in the layer 0-

100 m ranged 5.9-310.6 µmol/L, and the relative saturation of oxygen in the range of 2.0-

114%. In the South-Eastern part of the sea near Georgia, dissolved oxygen concentrations 

varied between 29.4 and 323.4 μmol/L with a relative water saturation of 8.0 and 123.0 %. In 

the area of open sea in the 0-100 m layer was observed on average a relatively low value of 

oxygen concentration  140.2 µmol/L and its relative saturation of water 44.1% (Table IV.5.5, 

IV.5.6).     
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Table IV.5.5 Main statistics for Oxygen dissolved – water column, JOSS GE-UA. 

Parameter Area N Min. 

(μmol/L) 

Depth 

(m) 

Sig-T Max. 

(μmol/L) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/L) 

Std.Dev. 
(μmol/L) 

Dissolved 
oxygen 

Shelf northwest, 
continental slope 

16 7.5 98 15.84 320.6 27 12.98 200.4 85.61 

Dissolved 
oxygen 

Open sea 28 5.9 91 15.69 310.6 30 14.07 140.2 128.1 

Dissolved 
oxygen 

Open sea southeast, 
continental slope 

20 29.4 33 14.13 323.4 27 14.01 248.7 78.5 

Table IV.5.6 Main statistics for Oxygen dissolved – water column, JOSS GE-UA. 

Parameter Area N Min.  
%saturation 

Depth 

(m) 

Sig-T Max. 

%saturation 

Depth 

(m) 

Sig-T 

 

Mean 

%saturation 

Std. Dev. 

%saturation 

Dissolved 
oxygen 

Shelf northwest, 
continental slope 

16 2.4 98 15.84 104.0 27 12.98 75.0 38.4 

Dissolved 
oxygen 

Open sea 28 2.0 97 15.57 114.0 0 11.09 44.1 40.7 

Dissolved 
oxygen 

Open sea southeast, 
continental slope 

20 8.0 33 14.13 123.0 9 10.53 80.4 28.7 

On vertical sections during a JOSS GE-UA elevated values of dissolved oxygen concentration, 

as in the North-Western part of the continental slope and in the open part of the sea, and in 

the South-Eastern part was observed in the layer 20 - 40 m. In the continental slope area near 

the Georgia at depths of 20-30 m, as in the North-Western shelf was stood out the layer with 

a low concentration of dissolved oxygen (Fig. IV.5.8). 

  a 

  b 
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  c 
Figure IV.5.8 The distribution of Oxygen dissolved in the vertical section 01 – 05 (a), in the 

vertical section 05 – 08 (b) and vertical section 09 –12 (c) during the JOSS GE-UA. 

The relative oxygen saturation of the water over than 100% was observed at JOSS GE-UA 

sections in the surface layer.  At depths of 97-98 m, the relative oxygen saturation was 2.0-

11.0%, and at station 10 in the South-Easthern part of the sea at a depth of 100 m reached 

77%. In general, in the South-Eastern part of the sea, the average value of oxygen saturation 

in the 0-100 m layer was relatively high 80.4% (Fig. IV.5.9). 

  a 

  b 

  c 
Figure IV.5.9 The distribution of Oxygen relative in the vertical section 01 – 05 (a), in the 

vertical section 05 – 08 (b) and vertical section 09 –12 (c) during the JOSS GE-UA. 
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 JOSS RF 

V. Chasovnikov 

The concentration of dissolved oxygen and the degree of its saturation are ones of the most 

informative hydrochemical indicators of the state of the water bodies. By these values, one 

can judge the state of the aquatic ecosystem, the degree of water productivity, the balance of 

biochemical processes of synthesis and oxidation of organic matter. 

The range of dissolved oxygen concentration (O2) in the studied water column varied from an 

analytical zero in the contact zone of aerobic and anaerobic waters to a maximum value of 

292.6 μmol/L, recorded at a depth of 20 meters (station 13). The subsurface maximum of O2 

was observed at depths of 20-30 meters, but it was not pronounced. It should be noted that 

the relative oxygen content at these depths did not exceed 100%, which indicated the absence 

of active photosynthetic activity during this period of time.  

In the upper 40-meter layer O2 varied from 147 to 293 μmol/L with an average value of 265 

μmol/L, at oxygen saturation from 45% to 99.5%. The average value of the percentage of 

oxygen in the active layer was 91%. The vertical distribution of O2 along the transect from 

Sochi is fairly uniform (Fig. IV.5.10), while the Gelendzhik - sea center transect showed a sharp 

influence of water dynamics in the region of stations 3 and 5, expressed in the uplift of isolines 

in the region of the cyclonic vortex (Fig. IV.5.11).  

 
Figure IV.5.10 Distribution of oxygen (μmol/L) on the transect from Sochi to the center of 

the sea, 27-28.10.2017. 
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Figure IV.5.11 Distribution of oxygen (μmol/L) on the transect from Gelendzhik to the 

center of the sea, 24-26.10.2017. 

The sharp decline in O2 began approximately from a depth of 40-50 m in the seaward part of 
the transect, where its concentration decreased from ~ 240 μmol/L to ~ 40 μmol/L at depths 
of about 70 m. In the near coastal part of the transect, the oxycline was located at depths of 
60-90 m. The concentration of oxygen equal to analytical zero was observed in the open sea 
at a depth of ~ 120 m and deepened near the shore to ~ 130-140 m (see Fig. IV.5.10, IV.5.11). 
The maximum vertical gradient of O2 in the oxycline layer was observed at the most remote 
of shore station 9.  

 

IV.6. Black Sea eutrophication integrated assessments 

V. Ukrayinskyy, S. Kovalyshyna, I.Malakhov  

IV.6.1. Integrated Black Sea Eutrophication Assessment Tool 
(BEAST)  

BEAST (Black Sea Eutrophication Assessment Tool) was developed in the frame of Baltic2Black 

project based on the HELCOM Eutrophication Assessment Tool (HEAT 2.0). HEAT 2.0 it was 

developed based on the OSPAR «Common Procedure» and taking the requirements of the 

Directive 2008/56/EC MSFD (Marine Strategy Framework Directive). The dimensionless 

indicator EQR in this method characterizes the assessment of water quality by their trophic 

level and is determined by the ratio of the actual values of the observed parameters (AcStat) 

to the target values (Target) corresponding to the background values before the 

eutrophication period (RefCon), (HELCOM 2015). For target parameters, which grov up with 

increasing eutrophication were adopted -   Target = RefCon + 0,5 × RefCon, and for parameters 

that decrease with increasing eutrophication were adopted - Target = RefCon - 0,2 × RefCon. 

Eutrophication assessment includes three indicator groups of the selected set of indexes 

(European Commission, 2010.): - inorganic phosphorus and nitrogen; - chlorophyll, 

phytoplankton biomass, water transparency, suspended matter; - dissolved oxygen, benthic 

invertebrates. The set of indicators can vary, decrease or increase from the number of their 

definition, for example, macrophyte biomass or other indicators. The RefCon and Target 
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values for Ukrainian's the Black Sea waters were taken from the report "«Environmental 

monitoring of the Black Sea with focus on nutrient pollution» (European Commission 2014, 

Baltic2Black). 

In the calculations we used the following indicators, which are regularly determined during 

the period of environmental expedition NPMS UA-Phyllophora Field, NPMS UA, JOSS GE-UA: 

- inorganic phosphorus and nitrogen; chlorophyll-a, biomass of phytoplankton; dissolved 

oxygen. Calculations of the EQR indicator were performed for each indicator according to the 

ratio AcStat/Target and then were averaged in each group of indicators with an equivalent 

contribution or taking into account the accepted proportion from 25% to 75%, with the sum 

of all indicators in the group 100%. In the inorganic phosphorus and nitrogen group, the 

proportion of these indicators was 70% and 30%, respectively. 

The final assessment of water quality and trophic status corresponds to the highest EQR of all 

three indicator groups: - nutrient levels; - direct effects of nutrient enrichment; - indirect 

effects of nutrient enrichment. Water quality assessment according to their trophic status is 

divided into five classes depending on the level of EQR (Table IV.6.1.1). 

Table IV.6.1.1 Range of water quality according to BEAST 
Value of EQR Water quality  MFSD 

≥ 0,0 EQR ≤ 0,5 Night 

GES* > 0,5 EQR ≤ 1,0 Good 

>1,0 EQR ≤ 1,5 Moderate 

>1,5  EQR ≤ 2,0 Poor 
not GES 

EQR > 2,0 Bad 

* - Good Environmental Status 

 NPMS UA-Phyllophora Field region            

Assessment of eutrophication and water quality by BEAST on the North-West shelf of the Black 

sea was carried out according to observations in the surface and bottom layer. The results of 

the assessments in April July and August 2017 in the studied area are presented in Figures  

(Fig. IV.6.1.1, IV.6.1.2, IV.6.1.3). 

In April, on the surface of the sea in the Zernov`s Phyllophora Field area was observed poor 

and bad status of water, mainly due to the content of dissolved inorganic phosphorus DIP and 

DIN nitrogen. The EQR value characterizing the moderate status of eutrophication of waters 

was observed in the Eastern part of the study area far from the coastal zone. 

                               
         a                                                                                              b 

Figure IV.6.1.1 The Spatial distribution of ecological status EQR on the surface (a) and 
lower (b) layers of the sea during the period observation of the NPMS UA-Phyllophora 

Field in April 2017. 
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                                a                                                                                              b 

Figure IV.6.1.2 The Spatial distribution of ecological status EQR on the surface (a) and 
lower (b) layers of the sea during the period observation of the NPMS UA-Phyllophora 

Field in July 2017. 

 

                      
                                a                                                                                              b 

Figure IV.6.1.3 The Spatial distribution of ecological status EQR on the surface (a) and 
lower (b) layers of the sea during the period observation of the NPMS UA-Phyllophora 

Field in August 2017. 

In contrast to the results of the Zernov`s Phyllophora Field waters ecological status assessment 

in April, in July and August, trophic status of surface waters were consistent with good and 

moderate quality. Relatively high EQR values were observed in the Northern part of the study 

area under the influence of transformed waters of the Dnieper-bug runoff. 

In July and August, the water quality in the bottom layer corresponded to poor and bad status. 

In August, poor status was observed in all three groups of indicators: - nutrient concentrations; 

- chlorophyll concentrations; - dissolved oxygen concentrations. 

 

  NPMS UA region 

In August, ecological observations of the northwestern shelf of the Black sea determined poor 

and bad quality status in the surface layer of the sea by the influence of the Dnieper and the 

Danube runoff. Good quality in the surface layer in August was noted in central region of the 

shelf in the Zernov`s Phyllophora Field region. In the bottom layer, the good status of waters 

was observed in the coastal zone between of the Danube and the Dniester (Fig. IV.6.1.4). 
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                                a                                                                                              b 

Figure IV.6.1.4 The Spatial distribution of ecological status EQR on the surface (a) and 
lower (b) layers of the sea during the period observation of the NPMS UA in August 2017. 

 

 NPMS RF region 

In October 2017, with environmental observations in the coastal zone in the Sochi-Adler 

region, the status of surface sea water changed from a moderate in the Sochi zone to a bad 

one in the Adler zone (Fig. IV.6.1.5). The concentrations of chlorophyll-a during the 

observation period varied within 1.34-3.57 μg / L with an average value of 2.61 μg / L in the 

region. 

 

Figure IV.6.1.5 The Spatial distribution of ecological status EQR on the surface layers of the 
sea during the period observation of the NPMS RF in October 2017. 

 

 JOSS GE-UA sections 

During observations at the Odessa-Batumi transition at JOSS GE-UA in the sea surface layer 

the status of water quality and eutrophication changed from good to bad. Bad status was 

observed both in the areas affected by the river flow and in the open deep water in the Eastern 

part of the sea and in the South-Eastern part of the continental slope of Georgia (Fig. IV.6.1.6).  
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Figure IV.6.1.6 The Spatial distribution of ecological status EQR on the surface of the sea 

during the period of the JOSS GE-UA in August – September 2017. 

At 08-12 stations JOSS GE-UA, the bad status of water in the Eastern part of the sea was due 

to phytoplankton biomass, and at station 08 also to the concentration of dissolved nutrients 

phosphorus and nitrogen. 

 JOSS RF sections 

When performing a cruise route consisting of three sections Gelendzhik, Center and Sochi in 

the period 24-28 October 2017 in the surface layer of the sea, the status of water quality in all 

sections corresponded to good (Fig. IV.6.1.7). The concentrations of chlorophyll-a on sections 

in the surface layer did not exceed 1.33 μg / L and averaged 0.93 μg / L. 

 

Figure IV.6.1.7 The Spatial distribution of ecological status EQR on the surface of the sea 
during the period of the JOSS RF in October 2017. 
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IV.6.2. Ecological Quality Status with the Trophic Index (TRIX)  

TRIX is an integral indicator related to the characteristics of the primary production of 

phytoplankton and nutritional factors. In the calculation formula of the index TRIX is 

composed of the following indicators of ecosystem: the concentration of chlorophyll-a - 

analog, which replaces the index of phytoplankton autotrophic biomass; the deviation of 

oxygen saturation from 100% – an indicator of the primary production intensity of the system, 

which covers the phase of active photosynthesis and the phase of respiration predominance; 

the concentration of total phosphorus and mineral nitrogen-indicators of the nutrients 

presence (Vollenveider, 1998).  

TRIX is calculated by the formula: 

 

( )  2.1/5.1%log += PNODChTRIX  ,                                                               (4.1) 

 

Where: 

Ch – chlorophyll concentration, µg/l; 

D%O – deviation in absolute values of dissolved oxygen from 100% saturation;   

N – concentration of the sum of mineral nitrogen dissolved forms, µg/l;  

P – concentration of total phosphorus, µg/l. 

 

The TRIX index changes according to the conditions of water trophic status in the range from 

0 to 10, and the assessment of the category of trophic level and the state of water quality is 

carried out according to the index value (Table IV.6.2.1) 

Table IV.6.2.1 Characteristics of waters according to TRIX value. 

MSFD 
Water 
quality 

Value of 

E-TRIX 

Trophic 
level 

Characteristics of water 

GES* 

Night ≥0  - ≤4 Low 
High transparency of water, lack of colour anomalies of water, lack of 
satiety and lack of saturation of dissolved oxygen 

Good >4 - ≤5 Moderate 
Occasional cases of reducing transparency of water, lack of water 
colour anomalies, hypoxic bottom waters. 

Not 
GES 

Moderate >5 - ≤6 High 
Low water transparency, water colour anomalies, hypoxia of bottom 
waters, and occasional cases of anoxia. 

Bad >6 - ≤10 Very high 
High water turbidity, large areas of colour anomalies of water, regular 
hypoxia over a large area and frequent anoxia of bottom waters, 
death of benthic organisms 

* - Good Environmental Status 

 

 NPMS UA-Phyllophora Field region 

Assessment of trophic status and water quality by TRIX index on the North-Western shelf of 

the Black sea was carried out according to observations both in the surface and bottom layer. 
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The results of TRIX assessments in April, July and August 2017 in the Zernov's Phyllofora Field 

are presented in the Figures  (Fig. IV.6.2.1, IV.6.2.2, IV.6.2.3). 

In April, on the sea surface in the Zernov’s Phyllophora Field in most of the study area, the 

index TRIX showed a good status of water, and high status was characterized by the water of 

the Eastern part of the Phyllophora Field, remote from the coastal zone and the influence of 

river flow.  In the bottom layer, according to the calculated TRIX index, the waters 

corresponded to high quality in April. 

                       

                                a                                                                                              b 
Figure IV.6.2.1 The Spatial distribution of trophic index TRIX on the surface (a) and lower 
(b) layers of the sea during the period observation of the NPMS UA-Phyllophora Field in 

April 2017. 

   

                      

                                a                                                                                              b 

Figure IV.6.2.2 The Spatial distribution of trophic index TRIX on the surface (a) and lower 
(b) layers of the sea during the period observation of the NPMS UA-Phyllophora Field in 

July 2017. 
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                                  a                                                                                                    b 

Figure IV.6.2.3The Spatial distribution of trophic index TRIX on the surface (a) and lower 
(b) layers of the sea during the period observation of the NPMS UA-Phyllophora Field in 

August 2017. 

In July and August, in the Zernov's Phyllophora Field area, water corresponded to a good 

ecological status with a low level of their trophicity and high quality.In the bottom layer in 

June and August the water was of good and average quality. 

 

 NPMS UA region 

In August, the North-Western shelf of the Black sea was characterized a poor and average 
quality in the sea surface layer, mainly due to influence of the Danube runoff. The moderate 
quality of water was in August in the Odessa Bay waters, and in the bottom layer their status 
was reduced to bad. Seaside waters of the Danube corresponded to a high level of trophic 
status and   moderate quality. Good water quality in the surface layer in August was observed 
in the central part of the shelf in the Zernov's Phyllophora Field area. In the bottom layer, good 
ecological status and high quality of water was noted in the coastal zone between the Danube 
and Dniester (Fig. IV.6.2.4). 

 

       

                                a                                                                                              b 

Figure IV.6.2.4 The Spatial distribution of trophic index TRIX on the surface (a) and lower 
(b) layers of the sea during the period observation of the NPMS UA in August 2017. 
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 NPMS RF region 

During the survey of NPMS RF, the surface coastal waters in the Sochi-Adler region, in 

accordance with the TRIX index, were characterized by a high level of trophicity and an 

average water quality (Fig. IV.6.2.5). The average value of the TRIX index in the study region 

during this period was 5.6. In general, the coastal waters of the Sochi-Adler region did not 

correspond to the GES (Good Environmental Status) in October. 

 

Figure IV.6.2.5 The Spatial distribution of trophic index TRIX on the surface layers of the 
sea during the period observation of the NPMS RF in October 2017. 

 

 JOSS GE-UA sections 

During the observation period in August on the North-Western shelf and during the Odessa-

Batumi transition at JOSS GE-UA, the water quality in the surface layer of the sea varied from 

good to bad. Bad status was noted in the runoff area of the Danube. In the open and South-

Eastern part of the sea, according to the TRIX index, the surface waters corresponded to low 

and moderate trophic level and were characterized by high and good quality (Fig. IV.6.2.6).  

 

Figure IV.6.2.6 The Spatial distribution of trophic index TRIX on the surface of the sea 
during the period of the JOSS GE-UA in August – September 2017. 
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 JOSS RF sections 

In the period 24-28 October 2017, when performing the JOSS RF cruise route, in contrast to 

the coastal zone, in accordance with the value of the TRIX index, the surface waters of the 

deep-sea regions corresponded to a low level of trophicity and corresponded to high quality 

(Fig. IV.6.2.7). TRIX index values varied within 1.5-2.5 with an average value of 2.0. It should 

be noted that the surface waters of the deep-water part of the sea in October corresponded 

to the GES, both in terms of the index of the TRIX index and the indicator of the ecological 

status EQR. 

 
Figure IV.6.2.7 The Spatial distribution of trophic index TRIX on the surface of the sea 

during the period of the JOSS RF in October 2017. 

 

IV.6.3. Comparative assessment of the trophic state and water 
quality in the Kerch Strait - BEAST and TRIX 

In the Kerch Strait, environmental observations were carried out by UkrSCES in 2009 in June 

and December. This allows us to make a comparative assessment with the results obtained 

during EMBLAS-II in August 2016 in the Kerch Strait (Fig. IV.6.3.1). 

                         
                                    a                                                                                               b 

Figure IV.6.3.1 Spatial distribution of EQR status in the Kerch Strait in December 2009 (a) 
and in August 2016 (b) in the surface water layer. 
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During the observation period in December 2009, the ecological status of surface waters in 

the Kerch Strait varied from good to bad. During the cruise period in December 2009, 

northeast and east wind of 10-12 m/s prevailed, that’s why the main stream of water from 

the Sea of Azov was pressed to the Crimean peninsula, which led to the following distribution 

of the values of EQR status indicator. The poor status during this period was mainly formed 

due to incoming waters from the Sea of Azov with high concentrations of phosphorus (up to 

1.0 μmol/L) and chlorophyll a (up to 4.57 μg/L). 

In August 2016, the ecological status of surface waters also varied from good to bad. A good 

ecological status was observed in the Black Sea waters and towards the Sea of Azov gradually 

decreased to a bad one. Inconsistencies to good ecological status were observed from the 

middle of the strait towards the Sea of Azov. Mainly poor status was formed by increased 

concentrations of inorganic phosphorus (up to 1.22 μmol/L), nitrogen nitrite (up to 0.77 

μmol/L) and chlorophyll a (up to 5.50 μg/L). 

In June 2009, according to the TRIX index, the quality of waters in the southern part of the 

Kerch Strait was high and good, which was due to the influence of the Black Sea waters. Similar 

results were obtained during the environmental survey of the Kerch Strait in December 2009. 

Some increase of water trophicity was noted in the coastal zone of the Crimean peninsula. As 

already noted, in this period of observations the northeast and east winds predominated. In 

general, in December 2009, the trophicity of waters in the Kerch Strait estimated by the TRIX 

index was moderate and low. The TRIX index varied from 2.8 to 4.6 with the average value of 

3.7 (Fig. IV.6.3.2).     

In August 2016, the trophicity of the waters was significantly higher and on the average was 

on a high level, and the average quality of the water was moderate with the average TRIX 

value of 5.3. The values of the index during this period in the Kerch Strait were in the range of 

4.5-6.0, which corresponds to the moderate and high trophicity in the waters (see Fig. 

IV.6.3.2).   

 a 

                          
                              b                                                                                 c  

Figure IV.6.3.2 The spatial distribution of the TRIX index in July 2009 (a), in December 2009 
(b) and August 2016 (c). 
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Waters of naturally high trophicity were observed in the northern part of the strait in the zone 

of the Azov waters, and the Black Sea waters in the southern part of the Kerch Strait were of 

moderate trophicity and good quality. 
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IV.8. HYPOXIA 

M. Gregoire1, A. Capet1 , L. Chou2, A. Plante2, N. Fagel3, A . Teaca4 
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2University of Brussels, Belgium 
3University of Liège, groupe d’Argile et géochimie des eaux 
4GEOECOMAR, Romania 

 

IV.8.1. Context 

The Black Sea is a wide Oxygen Minimum Zone (OMZ) which results from natural and 
anthropogenic factors. Its vertical structure (i.e. presence of a permanent halocline) and semi-
enclosed character make it a naturally poorly ventilated region. Only the first ~100 m of the 
water column is enriched in oxygen by photosynthesis and winter mixing and waters below 
100 - 150 m (~87% of the volume) are deprived from oxygen. Next to this huge anoxic reservoir 
located in the deep basin, recurrent OMZs have been identified on the bottom of the north-
western shelf. In this case, the formation of an OMZ is seasonal and results from 
anthropogenic eutrophication combined to warming. 

Although the investigation of the Black Sea biogeochemical structure has been at the core of 
many research initiatives, still there were a lot of uncertainties on the fate of the 
deoxygenation process and on its impact on ecosystem functioning and biogeochemistry. For 
instance, there are still controversies on the possible long term stability of the deep basin’s 
chemical structure and in particular, on the vertical extension of the oxygenated layer. On the 
northwestern shelf, the discussions concern the occurrence of bottom OMZ after the decrease 
of eutrophication in the 90’s. By providing data at basin scale and over the whole shelf, the 
EMBLAS program will provide essential information to investigate the deoxygenation process 
in the Black Sea and will provide a unique data set that covers the whole north-western shelf.  

In combination with data, we have used model simulations and data analysis in order to 
investigate the deoxygenation process in the Black Sea north-western shelf and deep basin. 
On the north-western shelf, we show that seasonal hypoxic events still occur in the northern 
part in summer. This finding is in agreement with local Ukrainian data sets but is against the 
idea that hypoxia does not occur anymore when eutrophication decreased in the 90s. This 
study leads to two important recommendations: 1) future monitoring strategies have to be 
focused on areas and during periods when low oxygen events are expected; 2) eutrophication 
has to be managed considering the global warming of the environment. 

The results from investigations during the JBSS 2017 were not fully processed at the time of 
writing this report and their assessment will be provided separately. 
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V.1. Metals, polyaromatic hydrocarbons, total petroleum 
hydrocarbons, chlorinated pesticides and PCBs in sea 
water and sediments 

Y. Denga, Y. Oleynik, V. Kolosov, V. Bilozer, V. Pisarenko, O. Ostapov, M. Litvinova, T. Vostrikova. 

V.1.1. Introduction 

Contaminants are defined in the European legislation as: 

“substances (i.e. chemical elements and compounds) or groups of substances that are 
toxic, persistent and liable to bio-accumulate and other substances or groups of 
substances which give rise to an equivalent level of concern” (EU WFD, Article 2(29)). 

Preventing and reducing inputs to the marine environment, with a view to phasing out 

pollution, is clearly stated as one of the main objectives of the Marine Strategy Framework 

Directive, in line with international commitments at global and regional level. Pollution by 

contaminants is one form of pollution of the marine environment and the aim of Descriptor 8 

is to ensure that the levels of contaminants in the marine environment do not to give rise to 

pollution effects. Contaminants can arise from numerous anthropogenic sources such as land-

based industrial activity, pollution by ships, atmospheric deposition, oil, gas and mineral 

exploration and exploitation and riverine inputs. It should be noted, however, that natural 

oceanographic and geological factors, including geothermal activity, can sometimes be 

responsible for elevated levels of some contaminants (such as heavy metals). 

The assessment of achievement of Good Environmental Status (GES) under the Marine 

Strategy Framework Directive 2008/56/EC (MSFD) Descriptor 8 “Concentrations of 

contaminants are at levels not giving rise to pollution effects” should be based upon 

monitoring programmes covering the concentrations of chemical contaminants and also 

biological measurements relating to the effects of pollutants on marine organisms. The 

combination of conventional and newer, effect based, methodologies, with the assessment of 

environmental concentrations of contaminants provides a powerful and comprehensive 

approach. As the occurrence of adverse effects at various levels of organization (organism, 

population, community, and ecosystem) needs to be avoided, monitoring schemes should also 

indicate the approaching of critical values as early warning.  

Therefore, for the purpose of implementing Descriptor 8 under the MSFD, three core 

elements of data assessment are recommended (JRC, 2010): 

- Concentrations of contaminants in water, sediment and/or biota are below 

environmental target levels identified on the basis of ecotoxicological data. 

- Levels of pollution effects are below environmental target levels representing harm at 

organism, population, community and ecosystem levels. 

- Concentrations of contaminants in water, sediment and/or biota, and the occurrence 

and severity of pollution effects, should not be increasing. 
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V.1.2. Materials and methods 

The study area for contamination state was the Ukrainian shelf sea waters. During the year 

2017, 3 expeditions to the area of Zernov’s Phyllophora Field (in April, July and August) and 

one expedition in the coastal areas (August) to study the quality of the so-called "water 

bodies" were organized and conducted in the national waters of Ukraine. Map of sampling 

stations and stations, coordinates and depths are presented on Figure V.1.1 – V1.4 and Tables 

V.1.1 – V.1.4. 

Between August 27 and September 3, a joint expedition JOSS-UA GE was conducted. The 

position of the stations is shown on Figure V.1.5, station coordinates - in Table V.1.5.  

Water samples for pollutants were collected from the surface and bottom layers from the 5 l 

Niskin bottles of the Rosette System. About 2,5 litre of seawater was transferred into glass 

bottles, which were stored at refrigerator temperature until their subsequent analysis in 

laboratory. Sediment samples for pollutants were taken using a DCh-0 sampler grab from the 

surface undisturbed layer. UkrSCES collected sediment samples for granulometric analysis, 

trace metals and persistent organic pollutants (POPs). The samples were stored frozen (at – 

20 ÷ - 24 °C) and analysed subsequently in laboratory. Details on specific seawater and 

sediment pollutants analysed, methods are presented in the Table V.1.6. 

 

Figure V.1.1- Map of monitoring sites for NPMS UA in Zernov’s Phyllophora Field (April 2017) 

Table V.1.1 - Coordinates of stations in Zernov’s Phyllophora Field (April) 

NST DATE 
Lon Start 

decimal 

Lat Start 

decimal 

Depths 

m 

Transparency 

m 

11ph 11.04.2017 31,25010 46,00067 30,0 7,0 

10hp 11.04.2017 31,01025 45,83267 25,0 8,0 

9hp 12.04.2017 31,25065 45,66667 41,0 10,5 

9Aph 12.04.2017 31,12637 45,47343 38,0 12,0 

4ph 13.04.2017 30,50402 45,50640 19,0 8,0 

4Aph 13.04.2017 30,73483 45,87735 18,0 8,9 
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Figure V.1.2- Map of monitoring sites for NPMS UA  
in Zernov’s Phyllophora Field (July 2017) 

Table V.1.2 - Coordinates of stations in Zernov’s Phyllophora Field (July 2017) 

NST DATE Lon Start (decimal) Lat Start (decimal) Depths (m) Transparency (m) 

11ph 10.07.2017 31,25068 46,00042 30,0 4,0 

10ph 10,07,2017 31,01030 45,83293 25,0 6,0 

9ph 11.07.2017 31,24977 45,66683 37,0 4,5 

4ph 11.07.2017 30,50377 45,50698 22,0 4,0 

 

Figure V.1.3- Map of monitoring sites for NPMS UA  
in Zernov’s Phyllophora Field (August 2017) 
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Table V.1.3 - Coordinates of stations in Zernov’s Phyllophora Field (August 2017) 

NST DATE Lon Start (decimal) Lat Start (decimal) Depths (m) Transparency (m) 

4ph 16.08.2017 30,49685 45,50142 19,0 7,0 

9hp 17.08.2017 31,24943 45,66725 40,0 7,5 

10hp 17.08.2017 31,01587 45,83177 22,5 7,0 

11ph 18.08.2017 31,24923 46,00060 22,8 7,0 

 

 

Figure V.1.4 -Map of monitoring sites for NPMS UA in Water Bodies (August 2017) 

Table V.1.4 - Coordinates of stations in UA Water Bodies (August 2017) 

NST DATE Lon Start (decimal) Lat Start (decimal) Depths (m) Transparency (m) 

1w 15.08.2017 30,50453 46,08402 6,8 2,5 

2w 15.08.2017 30,29870 45,83235 15,7 3,0 

3w 15.08.2017 29,78452 45,60013 9,4 1,5 

4w 16.08.2017 29,78350 45,31557 3,0 3,0 

5w 19.08.2017 31,60650 46,22540 8,0 4,0 

6w 20.08.2017 31,08635 46,59593 9,5 2,0 

6Aw 20.08.2017 30,92882 46,56030 10,4 2,5 

7w 20.08.2017 30,77958 46,53635 8,0 2,5 
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Figure V.1.5 Map of monitoring sites for JOSS-UA GE-(August – September 2017) 

 

Table V.1.5 Coordinates of stations in JOSS-UA GE-(August -September 2017) 

NST DATE 
Lon Start 

decimal 

Lat Start 

decimal 

Depths 

m 

Transparency 

m 

01А 27.08.2017 29,81667 45,1500 22  

01B  30,83167 46,2000 23  

1j 28.08.2017 31,01667 46,3833 25  

2j 29.08.2017 31,23333 45,2167 53  

3j 29.08.2017 31,33333 44,8500 62  

4j 30.08.2017 31,56667 44,1000 1165 7,0 

5j 30.08.2017 31,83333 43,4000 1919 8,5 

6j 31.08.2017 32,86667 43,4167 2088 11,5 

7j 31.08.2017 34,76667 43,3667 2150  

8j 01.09.2017 36,06667 43,5333 2131 14,0 

9j 01.09.2017 39,88333 42,2333 1905 11,0 

10j 02.09.2017 40,33333 42,1000 1795 13,0 

11j 02.09.2017 40,83333 41,9333 1543  

12j 03.09.2017 41,21667 41,7833 1130 11,5 
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Table V.1.6 Specific pollutants analysed in seawater and sediment sampled in 2017 during 
EMBLAS-II cruises, analytical methods and responsible institutions 

SEA WATER POLLUTANTS 

Parameters  Trace Me Total petroleum 
hydrocarbons  

(TPHs)  

Polyaromatic 
hydrocarbons  

(PAHs)  

Organo-
chlorine 
pesticides  

(OCPs)  

Poly-
chlorinated 
biphenyls  

(PCBs) 

Total 
organic 
carbon  

(TOC)  

 

Responsible:  

UkrSCES X X X X X X  

Methods  GF-AAS 

Flame-AAS 

IR-Furie 

Spectrofoto-meter 

GC-MS  GC-ECD  GC-ECD  GC  

SEDIMENT POLLUTANTS  

Parameters  Trace Me Total petroleum 
hydrocarbons  

(TPHs)  

Polyaromatic 
hydrocarbons  

(PAHs)  

Organo-
chlorine  

pesticides  

(OCPs)  

Poly-
chlorinated 
biphenyls  

(PCBs)  

Total 
organic 
carbon  

(TOC)  

Grain size 

Responsible:  

UkrSCES X X X X X X X 

Methods  GF-AAS 

Flame-AAS 

IR-Furie 

Spectrofoto-meter 

GC-MS  GC-ECD  GC-ECD  Titration Granulometric 
analysis 

 

V.1.3. SEAWATER 

 Trace metals 

Trace metals (arsenic, cadmium, copper, chromium, mercury, lead, nickel, zinc) are released 

into the environment by the direct contribution of coastal activities (domestic and industrial 

wastewater, storm water, etc.), should not be neglected pollutants generated in hydrological 

basins of major rivers (Danube, Dnieper, Dniester, Bug, Cuban, Don) which flows into the sea 

(Mee & Topping, 1998). Along with land-based activities, shipping, oil and gas exploitation and 

dumping of dredged material represent potential sources of pollution to the marine 

environment. Atmospheric transport of heavy metals is another major pathway by which 

these contaminants end up in the marine environment (Hacisalihoglu et al., 1991; UNEP, 2002 

and 2006).  

Although they are normal constituents of the marine environment, when anthropogenic 

sources introduce additional quantities, metals enter in the biogeochemical cycles and, as a 

result of toxic potential, may interfere with the normal functioning of ecosystems (OSPAR, 

1992). Metals in sea water are often associated with particulate matter and accumulate in 

sediments, where may remain for long periods. Through complex interactions they can be 

fixed, re-suspended or up-taken marine organisms. Heavy metals are persistent pollutants of 

the environment and even in the hypothetical situation of reducing anthropogenic 

contributions; sedimentary reserves of metals accumulated over time continue to threaten 

the health of the marine ecosystem.  

During first cruise on Phyllophora Field in April Trace metals have been determined as total 

form in unfiltered seawater samples, acidified up to pH=2 with Ultrapure HNO3. In subsequent 
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expeditions, the Trace metals were determined only in dissolved form from samples of sea 

water passed through a 0,45 μm filter. Metals were analysed by Graphite Furnace Atomic 

Absorption Spectrometry and Flame-AAS. 

The average values of metals concentrations in surface and bottom sea water collected in first 

cruise on Zernov’s Phyllophora Field in April were found to be rather low (Table V.1.7, V.1.8, 

Fig. V.1.6). But these measurements showed the single cases of excess of MAC-EQS for 

Mercury and Lead in surface water (Table V.1.7). 

Table V.1.7 - Concentrations of metals in the sea surface water of Zernov’s Phyllophora Field 
(April 2017) 

Metals Unit 
The average value for all samples 

in surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 1,09 0 7,63  

Cd µg/l 0,24 0 0,67 1,50 

Cо µg/l 0,41 0 1,64  

Cu µg/l 7,67 0 39,8  

Hg µg/l 0,033 0 0,147 0,07 

Pb µg/l 7,86 1,31 24,0 14,0 

Zn µg/l 12,8 3,20 41,3  

Ni µg/l 0 0 0 34,0 

Cr µg/l 7,07 3,86 12,9  

Fe µg/l 0 0 0  

Table V.1.8: Concentrations of metals in the sea bottom water of Zernov’s Phyllophora Field 
(April 2017) 

Metals Unit 
The average value for all samples 

in bottom water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 1,00 0 4,92  

Cd µg/l 0,04 0 0,23 1,50 

Cо µg/l 0,15 0 0,87  

Cu µg/l 2,67 0 8,65  

Hg µg/l 0,008 0 0,050 0,07 

Pb µg/l 1,56 0 6,43 14,0 

Zn µg/l 20,4 5,39 48,4  

Ni µg/l 0,17 0 1,00 34,0 

Cr µg/l 16,7 1,29 25,8  

Fe µg/l 0 0 0  
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a) 

  
Figure V.1.6 - Maximum, minimum and average value of Me in all samples of surface water 

(a) and bottom water (b) of Zernov’s Phyllophora Field (April) 

On Figure V.1.7 presents the concentrations of trace metals in the surface and bottom layers 
at the stations of the expedition in the Zernov’s Phyllophora Field in April and their MAC in 
accordance with the legislation of Ukraine.  

 

a) 
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b) 

Figure V.1.7 Concentration of trace metals in surface water (a) and bottom water (b) of 
Zernov’s Phyllophora Field (April) 

As follows from Figure V.1.7, the MAC was exceeded in the surface and bottom layers for the 

following metals: Cr at all stations, with the exception of station 4; Cu at stations 4 and 4a in 

the surface layer, at stations 10 and 4 in the bottom layer; Hg at station 9a in the surface layer; 

Pb at station 10 in the surface layer; Zn at station 4 in the surface and bottom layers and at 

station 11 in the bottom layer. Concentrations of Cd, As, Ni, Co and Fe did not exceed MAC. 

Metals concentrations in surface and bottom sea water collected during second cruise on 

Phyllophora Field in July were found to be rather low (Table V.1.9, V.1.10, Fig. V.1.8). These 

measurements from July indicated a low level trace metal pollution of marine waters, 

concentrations of Cadmium, Mercury, Lead and Nickel being below recommended MAC-EQS. 

Table V.1.9 Concentrations of metals in the sea surface waterof Zernov’s Phyllophora Field 
(July 2017) 

Metals Unit 
The average value for all 
samples in surface water 

Min Max 
MAC-EQS Directive 

2013/39/EU 

As µg/l 5,58 0 9,87  

Cd µg/l 0,43 0,06 0,94 1,50 

Cо µg/l 0 0 0  

Cu µg/l 6,80 1,79 17,9  

Hg µg/l 0 0 0 0,07 

Pb µg/l 3,32 0 7,45 14,0 

Zn µg/l 0,76 0 3,05  

Ni µg/l 16,0 12,7 18,2 34,0 

Cr µg/l 3,41 0 5,80  

Fe µg/l 0 0 0  
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Table V.1.10 Concentrations of metals in the sea bottom waterof Zernov’s Phyllophora Field 
(July 2017) 

Metals Unit 
The average value for all 
samples in bottom water 

Min Max 
MAC-EQS Directive 

2013/39/EU 

As µg/l 3,12 0 12,5  

Cd µg/l 0,14 0,04 0,38 1,50 

Cо µg/l 0 0 0  

Cu µg/l 10,9 8,65 14,0  

Hg µg/l 0 0 0 0,07 

Pb µg/l 1,92 0 3,20 14,0 

Zn µg/l 0,73 0 2,90  

Ni µg/l 16,7 12,9 22,0 34,0 

Cr µg/l 2,04 1,83 2,29  

Fe µg/l 0 0 0  

 

 

 
a) 

 
b) 

Figure V.1.8 Maximum, minimum and average value of Me in all samples of surface water 
(a) and bottom water (b) of Zernov’s Phyllophora Field (July) 

On Figure V.1.9 presents the concentrations of trace metals in the surface and bottom layers 

at the stations of the expedition in the Zernov’s Phyllophora Field in July and their MAC in 

accordance with the legislation of Ukraine. 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

341 

 
a) 

 
Figure V.1.9 Concentration of trace metals in surface water (a) and bottom water (b) of 

Zernov’s Phyllophora Field (July) 

As follows from Figure V.1.9, the MPC was exceeded in the surface and bottom layers for the 

following metals: Cr at station 11 in the surface layer; Cu at stations 9 and 4 in the surface 

layer and at all stations in the bottom layer; As at station 11 in the bottom layer; Ni at all 

station in the surface and bottom layers. Concentrations of Cd, Hg, Pb, Zn, Co and Fe did not 

exceed MAC. 

Metals concentrations in surface and bottom sea water collected during third cruise on 

Phyllophora Field in August were found to be rather low (Table V.1.11, V.1.12, Fig. V.1.10). 

These measurements from August indicated a low level trace metal pollution of marine 

waters, concentrations of Cadmium, Mercury, Lead and Nickel being below recommended 

MAC-EQS. 

Table V.1.11 Concentrations of metals in the sea surface water of Zernov’s Phyllophora Field 
(August 2017) 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 3,22 2,06 6,50  

Cd µg/l 0,40 0,16 0,67 1,50 

Cо µg/l 0,20 0 0,82  
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Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

Cu µg/l 4,07 0 7,45  

Hg µg/l 0,043 0,040 0,050 0,07 

Pb µg/l 7,99 4,14 11,6 14,0 

Zn µg/l 10,7 5,70 19,6  

Ni µg/l 0 0 0 34,0 

Cr µg/l 14,3 2,69 26,0  

Fe µg/l 0 0 0  

Table V.1.12 Concentrations of metals in the sea bottom water of Zernov’s Phyllophora Field 
(August 2017) 

Metals Unit 
The average value for all samples in 

bottom water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 4,46 0 6,50  

Cd µg/l 0,25 0,08 0,47 1,50 

Cо µg/l 0 0 0  

Cu µg/l 2,23 0,61 6,45  

Hg µg/l 0,042 0,040 0,045 0,07 

Pb µg/l 7,21 3,24 13,2 14,0 

Zn µg/l 8,45 5,80 15,2  

Ni µg/l 0 0 0 34,0 

Cr µg/l 22,6 19,3 26,4  

Fe µg/l 5,00 0 20,0  

 

 
a) 

 
b) 

Figure V.1.10 Maximum, minimum and average value of Me in all samples of surface water 
(a) and bottom water (b) of Zernov’s Phyllophora Field (August 2017) 
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On Figure V.1.11 presents the concentrations of trace metals in the surface and bottom layers 

at the stations of the expedition in the Zernov’s Phyllophora Field in August and their MAC in 

accordance with the legislation of Ukraine. 

 

 
a) 

 
b) 

Figure V.1.11 Concentration of trace metals in surface water (a) and bottom water (b) of 
Zernov’s Phyllophora Field (August 2017) 

As follows from Figure V.1.11, the MAC was exceeded in the surface and bottom layers for the 

following metals: Cr at station 4 and 9 in the surface layer and at all stations in the bottom 

layer; Cu at stations 10 in the surface layer and at station 11 in the surface and bottom layers; 

Pb at station 9 in the surface layer and at station 4 in the bottom layer. Concentrations of Cd, 

As, Hg, Zn, Ni, Co and Fe did not exceed MAC. 

Metals concentrations in surface and bottom sea water collected during Water Bodies 

observation in August were found to be rather low (Table V.1.13, V.1.14, Fig. V.1.12). But 

these measurements showed the single case of excess of MAC-EQS for Lead in surface water 

(Table V.1.13). 

Table V.1.13 Concentrations of metals in the sea surface Water Bodies (August 2017) 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 2,92 0 6,80  

Cd µg/l 0,11 0 0,41 1,50 

Cо µg/l 0,27 0 1,42  
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Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

Cu µg/l 3,52 0 19,9  

Hg µg/l 0,047 0,040 0,054 0,07 

Pb µg/l 8,14 4,37 17,5 14,0 

Zn µg/l 7,58 2,30 16,3  

Ni µg/l 0 0 0 34,0 

Cr µg/l 16,2 2,40 25,6  

Fe µg/l 9,14 0 18,0  

Table V.1.14 Concentrations of metals in the sea bottom Water Bodies (August 2017) 

Metals Unit 
The average value for all samples in 

bottom water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 5,40 0 13,5  

Cd µg/l 0,26 0 0,56 1,50 

Cо µg/l 0,19 0 0,79  

Cu µg/l 1,59 0 7,50  

Hg µg/l 0,047 0,040 0,055 0,07 

Pb µg/l 6,88 3,70 12,2 14,0 

Zn µg/l 8,74 1,40 19,9  

Ni µg/l 0 0 0 34,0 

Cr µg/l 16,0 1,90 32,3  

Fe µg/l 16,6 0 72,0  

 

 

a) 

 

b) 

Figure V.1.12 Maximum, minimum and average value of Me in all samples of surface water 
(a) and bottom water (b) of Water Bodies (August 2017) 

Figure V.1.13 presents the concentrations of trace metals in the surface layer at the stations 

on the study of Water Bodies in August and their MAC in accordance with the legislation of 

Ukraine. 
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Figure V.1.14 presents the concentrations of trace metals in the bottom layer at the stations 

on the study of Water Bodies in August and their MAC in accordance with the legislation of 

Ukraine. 

As follows from Figure V.1.13, the MAC was exceeded in the surface layer for the following 

metals: Cr at all stations with maximum 25 µg/L at stations 3w, 5w and 6w; Cu at stations 1w 

and 7w, with maximum 20 µg/L at station 1w; Pb at stations 3w and 4w with maximum 17 

µg/L at station 4w. Concentrations of Cd, As, Hg, Zn, Ni, Co and Fe did not exceed MAC. 

As follows from Figure V.1.14, the MAC was exceeded in the bottom layer for the following 

metals: Cr at stations 1w, 3w, 4w, 5w and 6w, with maximum 31 µg/L at stations 5w; Cu and 

As at station 1w; Fe at station 5w. Concentrations of Cd, Hg, Zn, Ni and Co did not exceed 

MAC. 

Metals concentrations in surface sea water in Ukrainian part collected during JOSS-GE-UA 

expedition in August were found to be rather low (Table V.1.15, Fig. V.1.15). 

These measurements from August indicated a low level trace metal pollution of marine 

waters. 

 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

346 

Figure V.1.13 Concentration of trace metals in surface layer of Water Bodies (August 2017) 
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Figure V.1.14 Concentration of trace metals in bottom layer of Water Bodies (August 2017)  
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Table V.1.15 Concentrations of metals in the sea surface water of Ukrainian part JOSS-GE-UA 
(August 2017) 

Metals Unit 
The average value for all 
samples in surface water 

Min Max 
MAC-EQS Directive 

2013/39/EU 

As µg/l 0 0 0  

Cd µg/l 0,54 0,28 0,79 1,50 

Cо µg/l 0 0 0  

Cu µg/l 8,78 3,55 16,6  

Hg µg/l 0 0 0 0,07 

Pb µg/l 1,34 1,25 1,54 14,0 

Zn µg/l 3,92 0 9,60  

Ni µg/l 0 0 0 34,0 

Cr µg/l 4,70 2,77 6,00  

Fe µg/l 7,50 0 14,0  

 

 
Figure V.1.15 Maximum, minimum and average value of Me in all samples of surface water in 

Ukrainian part JOSS-GE-UA (August 2017) 

On Figure V.1.16 presents the concentrations of trace metals in the surface layer at the stations 

on the study of Ukrainian part JOSS-GE-UA in August and their MAC in accordance with the 

legislation of Ukraine. 

 
Figure V.1.16 - Concentration of trace metals in surface water of Ukrainian part JOSS-GE-UA 

(August 2017) 
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As follows from Figure V.1.16, the MAC was exceeded in the surface layer for the following metals: 

Cr at station 2j; Cu at stations 1j, 3j and 4j. Concentrations of Cd, As, Hg, Pb, Zn, Ni, Co and Fe did 

not exceed MAC. Metals concentrations in surface sea water in the open sea collected during 

JOSS-GE-UA expedition in August-September were found to be rather low (Table V.1.16, Fig. 

V.1.17). These measurements from August indicated a low level trace metal pollution of marine 

waters. 

Table V.1.16 Concentrations of metals in the open sea surface water JOSS-GE-UA (August-
September 2017) 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 4,90 0 9,00  

Cd µg/l 0,09 0 0,27 1,50 

Cо µg/l 0 0 0  

Cu µg/l 9,46 4,78 15,8  

Hg µg/l 0 0 0 0,07 

Pb µg/l 1,35 1,22 1,47 14,0 

Zn µg/l 2,52 1,20 5,60  

Ni µg/l 0 0 0 34,0 

Cr µg/l 4,34 1,88 7,85  

Fe µg/l 4,25 0 11,0  

 

 
Figure V.1.17 Maximum, minimum and average value of Me in all samples of the open sea 

surface water JOSS-GE-UA (August 2017) 

On Figure V.1.18 presents the concentrations of trace metals in the surface layer of the open sea 

water JOSS-GE-UA in August and their MAC in accordance with the legislation of Ukraine. 
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Figure V.1.18 Concentration of trace metals in the open sea surface water  
JOSS-GE-UA (August 2017) 

As follows from Figure V.1.18, the MAC was exceeded in the surface layer for the following metals: 

Cr at station 5j; Cu at all stations. Concentrations of Cd, As, Hg, Pb, Zn, Ni, Co and Fe did not 

exceed MAC.  Metals concentrations in surface sea water of Georgian part collected during JOSS-

GE-UA expedition in August were found to be rather low (Table V.1.17, Fig. V.1.19). These 

measurements from August indicated a low level trace metal pollution of marine waters. 

Table V.1.17 Concentrations of metals in the sea surface wáter of Georgian part JOSS-GE-UA 
(August) 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS Directive 

2013/39/EU 

As µg/l 0 0 0  

Cd µg/l 0,012 0 0,05 1,50 

Cо µg/l 0 0 0  

Cu µg/l 6,04 2,96 12,8  

Hg µg/l 0 0 0 0,07 

Pb µg/l 1,62 1,31 2,02 14,0 

Zn µg/l 5,18 4,20 6,40  

Ni µg/l 0 0 0 34,0 

Cr µg/l 4,40 1,22 8,20  

Fe µg/l 2,00 0 8,00  
 

 
Figure V.1.19 Maximum, minimum and average value of Me in all samples of the surface 

water of Georgian part JOSS-GE-UA (August 2017) 
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On Figure V.1.20 presents the concentrations of trace metals in the surface layer at the stations 

on the study of Georgian part JOSS-GE-UA in August and their MAC in accordance with the 

legislation of Ukraine. 

 

Figure V.1.20 Concentration of trace metals in the surface water of Georgian part JOSS-GE-UA 
(August 2017) 

As follows from Figure V.1.20, the MAC was exceeded in the surface layer for the following metals: 

Cr at station 12j; Cu at stations 10j and 12j. Concentrations of Cd, As, Hg, Pb, Zn, Ni, Co and Fe 

did not exceed MAC. 

 

Conclusions 

Metals concentrations in Black Sea waters in 2017 in average indicated a low level trace 
metals pollution, concentrations of cadmium, mercury, lead and nickel being much below 
recommended EQS from European Legislation (Directive 2013/39/EU). 

But there were some cases of exceeding the MAC-EQS in Ukrainian part of the Black Sea 
for Mercury (station 9a) and Lead (station 10) in surface water during first cruise on 
Phyllophora Field in April 2017 and a single case of excess of MAC-EQS for Lead (station 
4 near the Danube Delta) in surface water during Water Bodies observation in August 
2017. 

It should be noted that during the first cruise on Phyllophora Field in April 2017 trace 
metals have been determined as total form in unfiltered seawater samples, acidified up 
to pH=2 with Ultrapure HNO3. 
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 Organochlorine Pesticides and Polychlorinated Biphenyls - Phyllophora 
Field – April 2017 

The organochlorine pesticides (OCPs) concentrations determined in water samples collected in 

first cruise on Zernov’s Phyllophora Field in April are presented in Table V.1.18 – V.1.19.  

Table V.1.18 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 

surface water samples on Zernov’s Phyllophora Field in April 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 0,51 6,55 <0,05 0,39 1,35 3,16 

10 0,34 5,01 <0,05 0,25 0,76 1,82 

9 2,22 2,40 <0,05 <0,05 0,24 0,70 

9a 1,65 2,24 <0,05 <0,05 0,18 0,65 

4 1,40 4,35 <0,05 2,27 0,82 1,71 

4a 3,61 7,09 <0,05 <0,05 0,61 0,89 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

Table V.1.19 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
bottom water samples on Zernov’s Phyllophora Field in April 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 0,48 5,42 <0,05 <0,05 0,68 1,56 

10 1,31 6,77 <0,05 0,21 0,58 2,04 

9 0,61 5,46 <0,05 <0,05 <0,05 1,02 

9a 1,70 2,43 <0,05 0,77 0,17 2,06 

4 0,78 7,22 <0,05 1,20 1,87 6,28 

4a 0,94 7,16 <0,05 <0,05 0,22 0,46 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

As shown in Table V.1.18 – V.1.19, no cases of MAC excess, established by the European directive, 

is not revealed. 

On Figure V.1.21 presents the concentrations of organochlorine pesticides in the surface and 

bottom layers at the stations of the expedition in the Zernov’s Phyllophora Field in April and their 

Environmental Standards (ES) developed by UkrSCES in 2009. 
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a) 

 

b) 

Figure V.1.21 Concentration of OCPs in surface water (a) and bottom water (b) of Zernov’s 
Phyllophora Field (April 2017) 

 

Organochlorine pesticides concentrations varied from 0,05 to 6,80 ng/L. The major OCPs 

compounds were -HCH, HCB and DDT. The highest values measured were: 6,80 ng/L for -HCH, 

3,61 ng/L for Hexachlorobenzene, 2,37 ng/L for Lindane, 1,90 for Dieldrin, 1,87 for p,p’DDT, 1,43 

ng/L for p,p’DDD, 1,38 ng/L for α-HCH, 1,27 ng/L for p,p’DDE, 0,39 for Aldrine. Heptachlor was 

under detection limit. 

In the surface layer the excess ES was recorded for -HCH (ES=4 ng/l) at stations 11, 10, for 

Lindane (ES=0,2 ng/L) at stations 11, 10, 4 and 4a, for Dieldrin (ES=0,07 ng/L) at station 4. 

In the bottom layer the excess of ES was recorded for -HCH at stations 11, 10, 9 and 4, for Lindane 

at stations 11, 10 and 9, for Dieldrin at station 9. 
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The concentrations of total PCBs in relation to the standards Ar-1254 and Ar-1260 determined in 

water samples collected in first cruise on Zernov’s Phyllophora Field in April are presented on 

Figures V.1.22. 

 

    
a)       b) 

Figure V.1.22 Concentration of Total PSBs in surface water (a) and bottom water (b) of 
Zernov’s Phyllophora Field (April 2017) 

As follows from Figure V.1.22, the Total PCBs do not exceed the Environmental Standard. The 

maximum of PCB (AR-1254) was detected at station 4 in the bottom layer. 

On figure 23 are presented concentrations of sum individual PCBs with different content of Cl- 

atoms in water samples. As PCBs are incorporated into biological food chains, progressive loss of 

low chlorinated components occurs due to their selective bio-transformation. Therefore, in living 

organisms, the most dangerous highly chlorinated PCBs accumulate. 

    
a)       b) 

Figure V.1.23 Concentration of sum individual PCBs with different content of Cl-atoms in 
surface water (a) and bottom water (b) of Zernov’s Phyllophora Field (April 2017) 
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As follows from the Figure 23, PCBs containing 5 and 6 chlorine atoms in the water samples is 

predominating. There is a presence at all stations in surface and bottom layers of highly toxic PCBs 

with 8 chlorine atoms. 

The organochlorine pesticides (OCPs) concentrations determined in water samples collected in 

second cruise on Zernov’s Phyllophora Field in July are presented in Table V.1.20 – V.1.21. 

Table V.1.20 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
surface water samples on Zernov’s Phyllophora Field in July 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 0,86 1,85 0,14 0,22 1,28 2,16 

10 <0,05 1,66 <0,05 0,18 3,58 8,00 

9 3,31 0,65 <0,05 0,29 0,69 1,33 

4 <0,05 1,09 <0,05 0,21 1,24 1,81 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

Table V.1.21 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
bottom water samples on Zernov’s Phyllophora Field in July 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 <0,05 1,34 0,07 0,12 0,64 2,16 

10 0,78 3,16 <0,05 0,75 1,83 2,04 

9 2,92 1,43 <0,05 0,17 1,24 1,02 

4 <0,05 2,15 <0,05 0,14 1,65 6,28 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

 

As shown in Table V.1.20 – V.1.21, of all the OCPs only for heptachlor excess MAC, established by 

the European directive, at station 11 was recorded both in the surface and in the bottom layers. 

On Figure V.1.24 presents the concentrations of organochlorine pesticides in the surface and 

bottom layers at the stations of the expedition in the Zernov’s Phyllophora Field in July. 
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a) 

 

b) 

Figure V.1.24 Concentration of OCPs in surface water (a) and bottom water (b) of Zernov’s 
Phyllophora Field (July 2017) 
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Organochlorine pesticides concentrations varied from 0,05 to 3,99 ng/L. The major OCPs 

compounds were DDD, DDT, HCB and -HCH. The highest values measured were: 3.99 ng/L for 

p,p’DDD, 3,58 for p,p’DDT, 3,31 ng/L for Hexachlorobenzene, 3,00 ng/L for -HCH, 0,75 for 

Dieldrin, 0,55 ng/L for p,p’DDE, 0,15 ng/L for Lindane, 0,14 ng/L for Heptachlor, 0,09 ng/L for α-

HCH. Aldrine was under detection limit. In the surface and bottom layers the excess of ES was 

recorded only for Dieldrin (ES=0,07 ng/L) at all stations.  

The concentrations of total PCBs in relation to the standards Ar-1254 and Ar-1260 determined in 

water samples collected in second cruise on Zernov’s Phyllophora Field in July 2017 are 

presented on Figures V.1.25. 

    

a)       b) 
Figure V.1.25 Concentration of Total PCBs in surface water (a) and bottom water (b) of 

Zernov’s Phyllophora Field (July 2017) 

As follows from Figure 25, the Total PCBs do not exceed the environmental standard in surface 

layer. The maximum of PCB (AR-1260) was detected at station 10 in the bottom layer (123ng/L), 

exceeding the ES. 

Figure V.1.26 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in water samples. As PCBs are incorporated into biological food chains, progressive loss of 

low chlorinated components occurs due to their selective bio-transformation. Therefore, in living 

organisms, the most dangerous highly chlorinated PCBs accumulate. 
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a)       b) 
Figure V.1.26 Concentration of sum individual PCBs with different content of Cl-atoms in 

surface water (a) and bottom water (b) of Zernov’s Phyllophora Field (July 2017) 

As follows from the Figure V.1.26, basically PCBs containing 3 and 5 chlorine atoms in the water 

samples is predominate, with the exception of station 10 in bottom layer, which is dominated by 

PCBs with 3, 5 and 7 chlorine atoms. The organochlorine pesticides (OCPs) concentrations 

determined in water samples collected in third cruise on Zernov’s Phyllophora Field in August 

are presented in Table V.1.22 – V.1.23. 

Table V.1.22 p- Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) 
in surface water samples on Zernov’s Phyllophora Field in August 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 <0,05 <0,05 0,12 0,26 <0,05 0,48 

10 0,17 0,28 0,29 0,32 <0,05 0,63 

4 <0,05 <0,05 0,29 0,30 <0,05 0,72 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

Table V.1.23 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
bottom water samples on Zernov’s Phyllophora Field in August 2017 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

11 0,34 0,51 0,21 0,40 <0,05 1,04 

10 0,78 0,57 <0,05 0,19 <0,05 0,43 

4 <0,05 <0,05 <0,05 0,30 <0,05 0,55 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 
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As shown in Table V.1.22 – V.1.23, of all the OCPs only for Heptachlor excess MAC, established by 

the European directive, at all station in the surface layer and station 11 in the bottom layer was 

recorded. 

Figure V.1.27 presents the concentrations of organochlorine pesticides in the surface and bottom 

layers at the stations of the expedition in the Zernov’s Phyllophora Field in August 2017. 

 
a) 

 

b) 

Figure V.1.27 Concentration of OCPs in surface water (a) and bottom water (b) of Zernov’s 
Phyllophora Field (August 2017) 

Organochlorine pesticides concentrations varied from 0,05 to 0,92 ng/L. The major OCPs 

compounds were Heptachlor, HCB, DDD, and DDE. The highest values measured were: 0,92 ng/L 

for Heptachlor, 0,78 ng/L for Hexachlorobenzene, 0,42 ng/L for p,p’DDD, 0,42 ng/L for p,p’DDE, 

0,40 for Dieldrin, 0,37 ng/L for α-HCH, 0,26 ng/L for Lindane. DDT, β-HCH and Aldrine was under 

detection limit. 

In the surface and bottom layers the excess of ES were recorded for Dieldrin (ES=0,07 ng/L) at all 

stations and for Lindane on station 11 in the bottom layer. 
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The concentrations of total PCBs in relation to the standards Ar-1254 and Ar-1260 determined in 

water samples collected in third cruise on Zernov’s Phyllophora Field in August are presented on 

Figures V.1.28. 

    
a)       b) 

Figure V.1.28 Concentration of Total PSBs in surface water (a) and bottom water (b) of 
Zernov’s Phyllophora Field (August 2017) 

As follows from Figure V.1.28, the Total PCBs do not exceed the environmental standard (100 

ng/L) in surface and bottom layers. The maximum of PCB (AR-1254) was detected at station 11 

(30,9 ng/L) in the bottom layer. 

Figure V.1.29 presents concentrations of sum individual PCBs with different content of Cl- atoms 

in water samples. As PCBs are incorporated into biological food chains, progressive loss of low 

chlorinated components occurs due to their selective bio-transformation. Therefore, in living 

organisms, the most dangerous highly chlorinated PCBs accumulate. 

    
a)       b) 

Figure V.1.29 Concentration of sum individual PCBs with different content of Cl-atoms in 
surface water (a) and bottom water (b) of Zernov’s Phyllophora Field (August 2017) 
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As follows from the Figure V.1.29, basically PCBs containing 3 chlorine atoms in the water samples 

is predominate, with the exception of station 4 in surface layer, which is dominated by PCBs with 

3 and 4 chlorine atoms and station 11 in bottom layer, which is dominated by PCBs with 3, 6 and 

8 chlorine atoms. The organochlorine pesticides (OCPs) concentrations determined in water 

samples collected in fours cruise on Water Bodies in August are presented in Table V.1.24 – V.25. 

Table V.1.24 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
the sea surface Water Bodies (August 2017) 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

1 1,09 4,23 2,31 5,55 12,9 27,2 

2 1,72 26,7 1,16 0,73 2,70 4,76 

3 0,33 8,54 0,68 0,30 2,19 3,30 

4 0,82 1,30 0,16 0,35 0,67 1,70 

5 0,10 2,45 0,21 1,11 <0,05 2,20 

6 <0,05 1,10 0,28 0,34 <0,05 0,71 

7 0,07 1,58 0,13 0,40 <0,05 0,68 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

Table V.1.25 Concentrations of OCPs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
sea bottom Water Bodies (August 2017) 

Stations HCBa HCH totala Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

1 0,13 6,27 1,51 0,36 1,58 2,71 

2 0,69 13,3 0,77 0,42 1,93 3,15 

3 0,80 14,2 2,69 1,45 12,6 14,6 

4 0,50 2,40 0,32 1,00 1,73 3,75 

5 <0,05 <0,05 0,31 0,56 <0,05 1,23 

6 <0,05 1,87 0,13 0,48 <0,05 0,87 

7 0,07 1,40 <0,05 0,25 <0,05 0,72 

EQS (Directive 2013/39/EU) 50 20* 0.03** 5 10 25 

a refers to MAC-EQS; b refers to AA-EQS; * the MAC value in the Directive 2013/39/EU refers to HCH, not to gamma 
HCH; ** the MAC value in Directive2013/39/EU refers to heptachlor and heptachlor epoxide. 

 

As shown in Table V.1.24 – V.1.25, of all the OCPs for Heptachlor excess MAC, established by the 

European directive, at all stations in the surface and bottom layers was recorded. Excess of MAC 

was also recorded in the surface layer for the Sum Cyclodiene, p,p'DDT and Sum DDT at station 1, 

in the zone of influence of the Dniester River, and sums of Lindane and its isomers at station 2. 

Figure V.1.30 presents the concentrations of organochlorine pesticides in the surface and bottom 

layers at the stations of the expedition on Water Bodies in August. 
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a) 

 

b) 

Figure V.1.30 - Concentration of OCPs in surface water (a) and bottom water (b) of Water 
Bodies (August 2017) 

Organochlorine pesticides concentrations varied from 0,05 to 17,8 ng/L. The major OCPs 

compounds were β-HCH, DDT, DDD, and DDE. The highest values measured were: 17,8 ng/L for 

β-HCH, 12,9 ng/L for p,p’DDT, 8,61 ng/L for p,p’DDD, 5,71 ng/L for p,p’DDE, 5,50 ng/L for Dieldrin, 

2,69 ng/L for Heptachlor, 0,84 ng/L for Lindane, 0,53 ng/L for α-HCH. Aldrine was under detection 

limit. 
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In the surface and bottom layers the excess of ES were recorded for Dieldrin (ES=0,07 ng/L) at all 

stations, for Lindane on stations 1, 2, 3, 5 in the surface layer and on stations 2, 3, 4 in the bottom 

layer, for β-HCH on stations 2, 3 in the surface layer and on stations1, 2, 3 in the bottom layer, for 

total DDT on station 1 in the surface layer and for total HCH on station 2 in the surface layer. 

The concentrations of total PCBs in relation to the standards Ar-1254 and Ar-1260 determined in 

water samples collected in fours cruise on Water Bodies in August are presented on Figures  

V.1.31. 

   

a)       b) 
Figure V.1.31 Concentration of Total PCBs in surface water (a) and bottom water (b) of Water 

Bodies (August 2017) 

As follows from Figure 31, the Total PCBs exceed the environmental standard at station 1 in the 
surface and bottom layers, with maximum for AR-1254 (439 ng/L) and at station 3 (123 ng/L) in 
the bottom layer. 

On figure 32 are presented concentrations of sum individual PCBs with different content of Cl- 
atoms in water samples. As PCBs are incorporated into biological food chains, progressive loss of 
low chlorinated components occurs due to their selective bio-transformation. Therefore, in living 
organisms, the most dangerous highly chlorinated PCBs accumulate. 

 

a) 
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b) 

Figure V.1.32 Concentration of the sum of individual PCBs with different content of Cl-atoms 
in surface water (a) and bottom water (b) of Water Bodies (August 2017) 

As follows from the Figure 32, basically PCBs containing 3 chlorine atoms in the water samples is 
predominate, with the exception of station 3 in bottom layer, which is dominated by PCBs with 5 
and 6 chlorine atoms. 

A special position has a station 1, with increased concentrations of individual PCBs with 5 and 6 
chlorine atoms in surface layer (Fig. V.1.32a left). 

 

Conclusions 

Concentrations of OCPs and PCBs in the waters of Ukrainian part of the Black Sea in 2017 
in average indicated a low level pollution. 

However, observations at the Phyllophora field showed an excess of MAC-EQS by 
Heptachlor in July 2017 at station No. 11, which is located in the zone of influence of the 
Dnieper and Southern Bug rivers, in the surface and bottom layers, and in August 2017, 
at all stations in the surface layer and at station 11 in the bottom layer. 

When studying the quality of the Water Bodies in August 2017, it was revealed that the 
most polluted by OCPs were coastal waters. Concentrations of Heptachlor were above 
MAC-EQS at all stations with maximum at the station No. 1 (2,31 ng/L) near the Dniester 
delta in surface layer and at station No. 3 (2,69 ng/L) near Tuzla Lakes in the bottom layer. 
Also, there were isolated cases of a small exceedance of EQS for the HCH-total on stations 
Nos. 2, 3, the sum of Cyclodiene, p,p’DDT and the sum of DDT at station No. 1. For total 
PCBs maximum of contamination was observed at the station No. 1 for AR-1254 (4,4 ES). 

Highly chlorinated PCBs present a serious danger for living organisms. The highest contamination 
by individual PCBs, in which chlorinated PCBs with 5 and 6 chlorine atoms predominate, was 
recorded in the Odessa Gulf near station No. 7. 
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 Total petroleum hydrocarbons - Phyllophora Field - April 2017 

In general, the total hydrocarbon concentration in seawater which can induce harmful effect on 

the aquatic organisms is about 50 (μg/L). Most of the countries use this value as seawater quality 

standard (Maximum Allowed Concentration - MAC). Our results showed that in 52 % water 

samples, the TPHs content exceeded this value up to three times. 

As shown in Figure V.1.33, the concentrations of Total Petroleum Hydrocarbons (TPHs) in water 

samples of Zernov’s Phyllophora Field in April ranged between 0,03-0,17 mg/L. The maximum 

concentration of TPHs was reported at station 11 and the minimum at station 10, both of them 

in surface layer. 

 

Figure V.1.33 Concentration of TPHs in surface and bottom layers of Zernov’s Phyllophora 
Field (April 2017) 

 Total petroleum hydrocarbons - Phyllophora Field - July 2017 

As shown in Figure V.1.34, the concentrations of Total Petroleum Hydrocarbons (TPHs) in water 

samples of Zernov’s Phyllophora Field in July were found only at three stations (11, 9, 4) in bottom 

layer. The maximum concentration of TPHs was reported at station No. 4 (0,31 mg/L). 
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Figure V.1.34 Concentration of TPHs in surface and bottom layers of Zernov’s Phyllophora 
Field (July 2017) 

 

Conclusions 

Concentrations of TPHs in the waters of Ukrainian part of the Black Sea in 2017 in average 
indicated a high level pollution. Their content was in the range 0,03-0,31 mg/L, with a 
maximum in July 2017 at station No. 4 in the bottom layer (6 MAC). 

 

 Polycyclic Aromatic Hydrocarbons (PAHs) - Phyllophora Field - April 
2017 

The PAHs concentrations determined in water samples collected in first cruise on Zernov’s 
Phyllophora Field in April 2017 are presented in Table V.1.26 – V.27. 

Table V.1.26 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
surface water samples on Zernov’s Phyllophora Field in April 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,06 0,22 1,38 0,10 0,20 0,06 0,09 

10 0,10 0,18 6,53 0,09 0,22 0,07 0,09 

9 0,28 0,38 1,24 0,10 0,21 0,06 0,09 

9a 0,20 0,29 2,55 0,13 0,22 0,07 0,11 

4 0,07 0,22 1,24 0,13 0,22 0,07 0,11 

4a 0,61 1,22 8,95 0,10 0,23 0,09 0,10 

MAC-EQS 100 120 130000 27 17 17 0,82 
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Table V.1.27 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
bottom water samples on Zernov’s Phyllophora Field in April 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,09 0,15 1,37 0,13 0,07 0,11 <0,05 

10 0,11 0,28 1,51 0,19 0,21 0,07 0,09 

9 0,15 0,38 1,27 0,28 0,21 0,07 0,10 

9a 0,19 0,24 2,17 0,11 0,23 0,07 0,11 

4 <0,05 0,08 1,09 0,18 0,21 0,06 0,14 

4a 0,57 0,91 11,3 0,12 0,23 0,09 0,08 

MAC-EQS 100 120 130000 27 17 17 0,82 

As shown in Table V.1.26 – V.1.27, cases of MAC excess, established by the European directive, 
were not identified. 

The total polycyclic aromatic hydrocarbons (∑16PAHs) content in water samples (n=6) ranged 
from 3,41 to 26,4 ng/L (Fig. V.1.35). The maximum ΣPAHs was observed at station 4a, both in the 
surface and bottom layers. 

The benzo(a)pyrene equivalent at all stations did not exceed 0,60 ng/L. The amount of 
carcinogenic PAHs was in the range of 0,91 to 1,39 ng/L, with a maximum at station 4a in the 
surface layer. 

 
a) 

 
b) 

Figure V.1.35 The level of water contamination PAHs in surface (a) and bottom (b) layersof 
Zernov’s Phyllophora Field (April 2017) 
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The PAHs concentrations determined in water samples collected in second cruise on Zernov’s 
Phyllophora Field in July are presented in Table V.1.28 – V.1.29. 

Table V.1.28 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
surface water samples on Zernov’s Phyllophora Field in July 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,13 0,23 1,05 <0,05 0,19 0,05 0,06 

10 0,09 0,12 0,68 <0,05 0,19 0,06 0,06 

9 0,13 0,18 0,58 <0,05 <0,05 <0,05 <0,05 

4 0,14 0,16 0,71 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

Table V.1.29 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
bottom water samples on Zernov’s Phyllophora Field in July 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,25 0,17 0,87 0,16 <0,05 0,25 <0,05 

10 0,09 0,23 0,73 <0,05 0,24 0,09 0,07 

9 0,63 0,44 4,67 <0,05 <0,05 <0,05 <0,05 

4 0,20 0,17 0,62 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

As shown in Table V.1.28 – V.1.29 cases of MAC excess, established by the European directive, 

were not identified. The total polycyclic aromatic hydrocarbons (∑16PAHs) content in water 

samples (n=4) ranged from 2,31 to 20,9 ng/L (Fig. V.1.36). The maximum ΣPAHs was observed at 

station 9 in the bottom layer. The benzo(a)pyrene equivalent at all stations did not exceed 0,35 

ng/L. The amount of carcinogenic PAHs was in the range of 0,39 to 1,08 ng/, with a maximum at 

station 11 in the bottom layer. 

    
a)       b) 

Figure V.1.36 The level of water contamination PAHs in surface (a) and bottom (b) layers of 
Zernov’s Phyllophora Field (July 2017) 
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The PAHs concentrations determined in water samples collected in third cruise on Zernov’s 

Phyllophora Field in August are presented in Table V.1.30 – V.1.31. 

Table V.1.30 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
surface water samples on Zernov’s Phyllophora Field in August 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,08 0,16 <0,05 <0,05 <0,05 <0,05 <0,05 

10 0,12 0,26 <0,05 <0,05 <0,05 <0,05 <0,05 

4 0,10 0,16 <0,05 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

Table V.1.31 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
surface water samples on Zernov’s Phyllophora Field in August 2017 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

11 0,09 0,21 <0,05 0,16 <0,05 <0,05 <0,05 

10 0,23 0,31 <0,05 <0,05 <0,05 <0,05 <0,05 

4 0,25 0,27 <0,05 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

As shown in Table V.1.30 – V.1.31 cases of MAC excess, established by the European directive, 

were not identified. The total polycyclic aromatic hydrocarbons (∑16PAHs) content in water 

samples (n=3) ranged from 1,38 to 5,33 ng/L (Fig. V.1.37). The maximum ΣPAHs was observed at 

station 10 in the bottom layer.The benzo(a)pyrene equivalent at all stations did not exceed 0,05 

ng/L. The amount of carcinogenic PAHs was in the range of 0,38 to 0,40 ng/L, with a maximum at 

station 4 in the bottom layer. 

 

    

a)       b) 
Figure V.1.37 The level of water contamination PAHs in surface (a) and bottom (b) layers of 

Zernov’s Phyllophora Field (August 2017) 

The PAHs concentrations determined in water samples collected in fours cruise on Water Bodies 

in August are presented in Table V.1.32 – V.1.33. 
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Table V.1.32 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
the sea surface Water Bodies (August 2017) 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

1 0,10 0,46 0,11 <0,05 0,19 <0,05 0,06 

2 0,13 0,39 0,11 <0,05 0,19 <0,05 0,06 

3 0,19 0,34 0,42 <0,05 <0,05 <0,05 <0,05 

5 0,09 0,24 <0,05 <0,05 <0,05 <0,05 <0,05 

6 0,09 0,11 <0,05 <0,05 <0,05 <0,05 <0,05 

7 0,07 0,18 0,12 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

Table V.1.33 Concentrations of PAHs (ng/L) by comparison with EQS (Directive 2013/39/EU) in 
the sea bottom Water Bodies (August 2017) 

Stations 
Anthra-
cenea 

Fluoran-
thenea 

Naphtha-
lene 

Benzo(a)-
pyrene 

Benzo(b)-
fluoranthrene 

Benzo(k)-
fluoranthrene 

Benzo(g,h,i)-
perylene 

1 0,09 0,24 0,05 0,16 <0,05 0,25 <0,05 

2 0,09 0,22 0,08 <0,05 0,24 0,09 0,07 

3 0,13 0,59 0,52 <0,05 <0,05 <0,05 <0,05 

4 0,09 0,25 <0,05 <0,05 <0,05 <0,05 <0,05 

5 0,09 0,27 <0,05 <0,05 <0,05 <0,05 <0,05 

6 0,07 0,31 <0,05 <0,05 <0,05 <0,05 <0,05 

7 0,11 0,22 <0,05 <0,05 <0,05 <0,05 <0,05 

MAC-EQS 100 120 130000 27 17 17 0,82 

As shown in Table V.1.32 – V.1.33 cases of MAC excess, established by the European directive, 

were not identified. The total polycyclic aromatic hydrocarbons (∑16PAHs) content in water 

samples (n=4) ranged from 0,91 to 3,63 ng/L (Fig. V.1.38). The maximum ΣPAHs was observed at 

station 3 in the surface layer. The benzo(a)pyrene equivalent at all stations did not exceed 0,07 

ng/L. The amount of carcinogenic PAHs was in the range of <0,05 to 0,46 ng/, with a maximum at 

station 3 in the bottom layer. 

    
a)      b) 

Figure V.1.37 The level of water contamination PAHs in surface (a) and bottom (b) layers of 
Water Bodies (August 2017) 
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Conclusions 

The level of pollution of marine waters by polycyclic aromatic hydrocarbons (PAHs) is 
estimated as insignificant. Cases of MAC excess, established by the EU EQSD, were not 
identified. 

From all PAHs Naphthalene and Phenanthrene were found as most dominant compounds. 
The maximum value of B(a)P was recorded at station No. 10 on Zernov’s Phyllophora Field 
in April 2017. The maximum concentration of ΣPAH and Σ of carcinogenic PAHs were also 
observed in April 2017 at station No. 4a. 

 

 Sediments 

V.1.3.6.1. Characteristics of surface sediments 

The characterization of the surface sediments encountered during the cruises of the marine 

Yacht-Catamaran “Auguste Picard” on Zernov’s Phyllophora Field and Water Bodies investigation 

and during joint expedition JOSS-UA-GE on board of the R/V "Mare Nigrum", is based on grab 

sediment samples collected in April, July, August and September 2017. Detailed grain size 

analyses were performed in UkrSCES laboratory. 

The cumulated percentages of psefity, sandy, silty and clayey fractions were used to 

sedimentologically classification the sediments in Ukrainian part of the Black Sea and JOSS-UA-GE 

according to Sheppard are presented in Table V.1.34 and V.1.35. 

Table V.1.34 Sediment composition and Sheppard’s classification NPMS UA 

Station 
Grain size composition % 

Sheppard class 
Psefit Sand Silt Clay 

Zernov’s Phyllophora Field (April) 

4a 72.66 22.28 2.04 3.02 Sandy psefit 

4 26.25 73.75 0.00 0.00 Psefity sand 

9 87.18 0.57 6.07 6.19 Clayey psefit 

10 95.15 4.49 0.36 0.00 Sandy psefit 

11 49.86 16.24 12.40 21.50 Clayey psefit 

Zernov’s Phyllophora Field (July) 

4 28.78 55.82 10.58 4.82 Silty clay 

9 79.40 3.13 7.82 9.65 Psefity sand 

10 88.30 2.10 9.60 0.00 Silty psefit 

11 39.51 25.14 21.59 13.49 Sandy psefit 

Zernov’s Phyllophora Field (August) 

4 45.57 44.62 8.94 0.87 Sandy psefit 

9 94.71 1.21 4.08 0.00 Silty psefit 

10 80.83 6.16 11.95 1.06 Silty psefit 

11 36.23 30.13 10.55 23.05 Sandy psefit 
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Station 
Grain size composition % 

Sheppard class 
Psefit Sand Silt Clay 

Water Bodies (August) 

1 17.90 64.68 17.42 0.00 Psefity sand 

2 18.19 70.51 10.13 1.17 Psefity sand 

3 15.55 29.71 31.72 23.02 Sandy silt 

4 0.00 77.74 21.83 0.43 Silty sand 

5 20.81 46.00 28.63 4.56 Silty sand 

6 69.14 9.62 15.62 5.64 Silty psefit 

7 6.68 11.52 49.02 32.78 Clayey silt 

 

Table V.1.35 Sediment composition and Sheppard’s classification JOSS-UA GE 

Station 
Grain size composition % 

Sheppard class 
Psefit Sand Silt Clay 

Zernov’s Phyllophora Field (April) 

1 24.06 13.37 17.76 44.83 Psefity clay 

2 43.97 3.01 22.74 30.28 Clayey psefit 

3 22.68 2.47 17.31 57.54 Psefity clay 

4 0.00 5.56 34.20 60.24 Silty clay 

5 0.00 4.06 39.02 56.92 Silty clay 

6 0.00 5.32 26.82 67.86 Silty clay 

7 0.00 10.65 43.31 46.04 Silty clay 

8 0.00 12.25 31.51 56.24 Silty clay 

9 0.00 0.00 37.46 62.54 Silty clay 

10 0.00 0.00 61.64 38.36 Clayey silt 

11 0.00 3.18 38.56 58.26 Silty clay 

12 7.09 33.99 35.27 23.65 Sandy silt 

Secondary re-sedimentation was found on all known Black Sea sediments without exception (Fig. 

V.1.38). The re-sedimentation of the bottom landscapes leads to the loss of zoobenthos, 

phytobenthos, and the degradation of bottom biocenoses. In the course of sedimentation, the 

clay substance as a result of sorption accumulates trace elements from the water column and 

accumulates them in the deposition zones, therefore secondary sedimentation can be considered 

an indicator of adverse environmental conditions. In order to reduce the impact of modern re-

sedimentation, it is necessary to significantly reduce the damping into the sea, due to the 

application of new technologies for recycling of dredging materials (for example, on land), 

excluding their extraction into the sea. 
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Figure V.1.38 A map of modern re-sedimentation of North-Western Shelf of the Black Sea 
(according to observations in 2012-2017) 

Conclusions 

During conducting of geoecological researches of the area Zernov’s Phyllophora Field, the 
phenomenon of new re-sedimentation was not revealed. On the basis of this it can be concluded 
that the ecological situation in this area is satisfactory and anthropogenic impact on the 
environment is minimal. 

V.1.3.6.2. Trace metals 

Average toxic metals concentrations in bottom sediments collected on Zernov’s Phyllophora 

Field in April were in the range 0,075 – 8,72 mg/kg (Table V.1.36, Fig. V.1.39). These 

measurements indicated that concentrations of toxic trace metals decrease in the next row: Zn, 

Pb, Co, Ni, Cr, Cu, As, Cd and Hg. 

Table V.1.36 Concentrations of metals in the bottom sediments of Zernov’s Phyllophora Field 
in April 2017 

Metals Unit 
The average value for all samples 

in bottom sediments 
Min Max 

Al mg/kg 6097 2390 8340 

As mg/kg 2,47 0,56 4,79 

Cd mg/kg 0,075 0,024 0,137 

Cо mg/kg 4,90 4,36 5,55 

Cu mg/kg 3,32 0 7,92 

Hg mg/kg 0,011 0 0,034 

Pb mg/kg 7,61 4,93 11,1 

Zn mg/kg 8,72 0 19,6 

Ni mg/kg 4,70 0 9,42 

Cr mg/kg 4,13 0 12,4 

Fe mg/kg 2240 560 4270 

Mn mg/kg 236 27,3 450 

Capacity of re-sedimentation 

  less than 3.0 cm; 

  from 3.0 cm to 5.0 cm; 

  more than 15 см. 
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Figure V.1.39 Maximum, minimum and average value of Me in all sediments samples of 
Zernov’s Phyllophora Field (April 2017) 

On Figure V.1.40 presents the concentrations of trace metals in bottom sediments at the stations 
on the study of Zernov’s Phyllophora Field in April and their Environmental Standards (ES), 
developed by UkrSCES in 2009. As follows from Figure V.1.40, concentrations of all metals did not 
exceed their respective EQSs. 

 

Figure V.1.40 Concentration of trace metals in bottom sediments of Zernov’s Phyllophora 
Field (April 2017) 

Average toxic metals concentrations in bottom sediments collected on Zernov’s Phyllophora 
Field in July were in the range 0,178 – 18,5 mg/kg (Table V.1.37, Fig. V.1.41). These measurements 
indicated that concentrations of toxic trace metals decrease in the next row: Cr, Zn, Pb, Ni, Cu, 
As, Co, Cd and Hg. 
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Table V.1.37 Concentrations of metals in the bottom sediments of Zernov’s Phyllophora Field 
in July 2017 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 24960 4400 58100 

As mg/kg 5,30 0 17,4 

Cd mg/kg 0,253 0 0,575 

Cо mg/kg 3,48 1,75 6,30 

Cu mg/kg 7,65 0 18,1 

Hg mg/kg 0,178 0,033 0,278 

Pb mg/kg 12,0 5,91 22,3 

Zn mg/kg 18,3 2,61 41,9 

Ni mg/kg 9,56 0 23,5 

Cr mg/kg 18,5 6,93 23,8 

Fe mg/kg 3400 1420 6600 

Mn mg/kg 437 61,2 668 

 

 

Figure V.1.41 Maximum, minimum and average value of Me in all sediments samples of 
Zernov’s Phyllophora Field (July 2017) 

 

On Figure V.1.42 presents the concentrations of trace metals in bottom sediments at the stations 

on the study of Zernov’s Phyllophora Field in July and their Environmental Standards (ES). As 

follows from Figure V.1.42, concentrations of all metals did not exceed ES. 
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Figure V.1.42 Concentration of trace metals in bottom sediments of Zernov’s Phyllophora 
Field (July 2017) 

 

Average toxic metals concentrations in bottom sediments collected on Zernov’s Phyllophora 

Field in August were in the range 0,041 – 13,5 mg/kg (Table V.1.38, Fig. V.1.43). These 

measurements indicated that concentrations of toxic trace metals decrease in the next row: Zn, 

Ni, Cu, Pb, As, Co, Cr, Cd and Hg. 

Table V.1.38 Concentrations of metals in the bottom sediments of Zernov’s Phyllophora Field 
in August 2017 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 8550 5170 12100 

As mg/kg 4,42 2,07 6,07 

Cd mg/kg 0,113 0,065 0,157 

Cо mg/kg 3,54 1,38 6,46 

Cu mg/kg 10,3 4,35 17,8 

Hg mg/kg 0,041 0,025 0,063 

Pb mg/kg 6,12 3,50 8,20 

Zn mg/kg 13,5 3,06 25,7 

Ni mg/kg 13,4 0 27,1 

Cr mg/kg 3,40 1,13 9,04 

Fe mg/kg 6315 1860 14600 

Mn mg/kg 213 76,1 338 
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Figure V.1.43 Maximum, minimum and average value of Me in all sediments samples of 
Zernov’s Phyllophora Field (August 2017) 

On Figure V.1.44 presents the concentrations of trace metals in bottom sediments at the stations 
on the study of Zernov’s Phyllophora Field in July and their Environmental Standards (ES).  

 

 

Figure V.1.44 Concentration of trace metals in bottom sediments of Zernov’s Phyllophora 
Field (August 2017) 

As follows from Figure V.1.44, concentrations of all metals did not exceed ES. Average toxic metals 
concentrations in bottom sediments collected in Water Bodies in August were in the range 0,051 
– 19,8 mg/kg (Table V.1.39, Fig. V.1.45). These measurements indicated that concentrations of 
toxic trace metals decrease in the next row: Zn, Cr, Ni, Pb, Cu, Co, As, Cd and Hg. 

Table V.1.39 Concentrations of metals in the bottom sediments of Water Bodies in August 2017 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 37060 5450 88000 

As mg/kg 4,77 2,14 10,6 

Cd mg/kg 0,123 0,029 0,311 

Cо mg/kg 5,09 0,85 11,1 

Cu mg/kg 9,75 3,85 26,3 

Hg mg/kg 0,051 0,020 0,083 
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Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Pb mg/kg 10,5 4,42 25,1 

Zn mg/kg 19,8 1,21 42,9 

Ni mg/kg 11,6 0 28,9 

Cr mg/kg 18,7 1,23 54,1 

Fe mg/kg 7790 800 23200 

Mn mg/kg 240 31,3 518 
 
 
 
 

 

Figure V.1.45 Maximum, minimum and average value of Me in all sediments samples of Water 
Bodies (August 2017) 

On Figure V.1.46 presents the concentrations of trace metals in bottom sediments at the stations 

on the study of Water Bodies in August and their Environmental Standards (ES). 

 

Figure V.1.46 Concentration of trace metals in bottom sediments of Water Bodies (August 2017) 

As follows from Figure V.1.46, concentrations of all metals did not exceed their respective EQSs. 

Average toxic metals concentrations in bottom sediments collected in Ukrainian part during 

JOSS-GE-UA expedition in August were in the range 0,124 – 38,6 mg/kg (Table V.1.40, Fig. V.1.47). 

These measurements indicated that concentrations of toxic trace metals decrease in the next 

row: Ni, Cu, Zn, Pb, Cr, Co, As, Cd and Hg. 
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Table V.1.40 Concentrations of metals in the bottom sediments of Ukrainian part JOSS-GE-UA 
(August 2017) 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 30900 19500 53600 

As mg/kg 12,3 6,19 25,0 

Cd mg/kg 0,368 0,165 0,830 

Cо mg/kg 9,87 6,23 15,3 

Cu mg/kg 35,6 28,8 49,0 

Hg mg/kg 0,124 0,074 0,238 

Pb mg/kg 24,6 22,3 29,0 

Zn mg/kg 33,2 15,0 51,8 

Ni mg/kg 38,6 36,3 43,9 

Cr mg/kg 19,7 10,5 30,1 

Fe mg/kg 19200 9910 32200 

Mn mg/kg 463 379 622 

 

 
Figure V.1.47 Maximum, minimum and average value of Me in all samples of bottom 

sediments in Ukrainian part JOSS-GE-UA (August 2017) 

On Figure V.1.48 presents the concentrations of trace metals in bottom sediments at the stations 
on the study of Ukrainian part JOSS-GE-UA in August and their Environmental Standards (ES). 

 
Figure V.1.48 Concentration of trace metals in bottom sediments of Ukrainian part JOSS-GE-

UA (August 2017) 

As follows from Figure V.1.48, the ES was exceeded in the bottom sediments for the following 

metals: Cd and Cu at station 4j; Ni at station 1 and 4j. Concentrations of Cr, As, Hg, Pb, Zn, and 

Co did not exceed ES. Average toxic metals concentrations in bottom sediments collected in open 

sea during JOSS-GE-UA expedition in August-September were in the range 0,115 – 46,2 mg/kg 
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(Table V.1.41, Fig. V.1.49). These measurements indicated that concentrations of toxic trace 

metals decrease in the next row: Cu, Ni, Zn, Co, As, Cr, Pb, Hg and Cd. 

Table V.1.41 Concentrations of metals in the bottom sediments of the open sea JOSS-GE-UA 
(August-September 2017) 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 27070 15700 41000 

As mg/kg 12,3 7,40 14,9 

Cd mg/kg 0,115 0,104 0,131 

Cо mg/kg 16,7 12,5 20,4 

Cu mg/kg 46,2 36,1 52,1 

Hg mg/kg 0,192 0,178 0,203 

Pb mg/kg 7,81 5,60 9,44 

Zn mg/kg 31,7 8,72 47,8 

Ni mg/kg 41,6 30,7 48,0 

Cr mg/kg 9,14 3,01 13,6 

Fe mg/kg 17700 11300 21300 

Mn mg/kg 391 303 442 

 

 
Figure V.1.49 Maximum, minimum and average value of Me in all samples of bottom 

sediments in open sea JOSS-GE-UA (August-September 2017) 

 

Figure V.1.50 presents the concentrations of trace metals in bottom sediments at the stations on 

the study of open sea JOSS-GE-UA in August-September and their Environmental Standards (ES). 
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Figure V.1.50 Concentration of trace metals in bottom sediments of the open sea JOSS-GE-UA 
(August 2017) 

 

As follows from Figure V.1.50, the ES was exceeded in the bottom sediments for the following 

metals: Cu at all stations; Ni at station 5j and 6j. Concentrations of Cd, Cr, As, Hg, Pb, Zn, and Co 

did not exceed their respective EQSs. Average toxic metals concentrations in bottom sediments 

collected in Georgian part during JOSS-GE-UA expedition in September were in the range 0,148 

– 71,0 mg/kg (Table V.1.42, Fig. V.1.51). These measurements indicated that concentrations of 

toxic trace metals decrease in the next row: Zn, Cu, Ni, Cr, Pb, As, Co, Cd and Hg. 

Table V.1.42 Concentrations of metals in the bottom sediments in Georgian part JOSS-GE-UA 
(September 2017) 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 51700 44800 61000 

As mg/kg 15,3 13,7 16,6 

Cd mg/kg 0,406 0,160 0,884 

Cо mg/kg 14,1 12,7 16,5 

Cu mg/kg 44,8 29,7 68,5 

Hg mg/kg 0,148 0,126 0,168 

Pb mg/kg 27,8 19,1 39,3 

Zn mg/kg 71,0 56,4 93,2 

Ni mg/kg 44,2 29,9 66,0 

Cr mg/kg 40,9 30,2 49,0 

Fe mg/kg 33900 29300 37800 

Mn mg/kg 951 586 1315 
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Figure V.1.51 Maximum, minimum and average value of Me in all samples of bottom 

sediments in Georgian part JOSS-GE-UA (September 2017) 

 

Figure V.1.52 presents the concentrations of trace metals in bottom sediments at the stations on 

the study of Georgian part JOSS-GE-UA in September and their Environmental Standards (ES). 

 

Figure V.1.52 Concentration of trace metals in bottom sediments of Georgian part JOSS-GE-UA 
(September 2017) 

As follows from Figure V.1.52, the ES was exceeded in the bottom sediments for the following 

metals: Cd, Cu and Ni at station 11j. Concentrations of Cr, As, Hg, Pb, Zn, and Co did not exceed 

their EQS values. 

 

Conclusions 

Distribution of toxic metals in the bottom sediments of all the investigated area has a lot 
in common. Highest concentrations of Zn, Ni, Cu, Cr, As and Pb were present everywhere. 

In European legislation there are no limit values for concentration of metals in the bottom 
sediments. In comparison with environmental standards (ES), developed in Ukraine, it 
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should be noted that there were no cases of exceeding ESs in the bottom sediments in 
the shallow waters of Ukraine. 

When performing JOSS GE-UA exceedance of ES was recorded in the Ukrainian waters at 
station No. 4 with the depth of 1165 m for Cu (49,0 mg/kg), Ni (43,9 mg/kg; (ES for both 
metals 35 mg/kg) and Cd (0,83 mg/kg; ES 0,80 mg/kg). Also higher concentrations of Ni 
(48,0 mg/kg) and Cu (52,1 mg/kg) were found at stations Nos. 5 and 6 in the depth of 
1910 and 2088 m, respectively, in the western part of the open sea transect. 

The maximum concentrations of metals that exceeded the ES were detected in the 
Georgian part at station No. 11 with the depth of 1543 m for Cu (68,5 mg/kg), Ni  (66,0 
mg/kg) and Cd (0,88 mg/kg). 

 

 Organochlorine Pesticides and Polychlorinated Biphenyls 

Figure V.1.53 presents the concentrations of organochlorine pesticides (OCPs) in bottom 

sediment samples at the stations in Zernov’s Phyllophora Field in April 2017. 

 

Figure V.1.53 Concentration of OCPs in bottom sediments  
of Zernov’s Phyllophora Field (April 2017) 

The organochlorine pesticides (OCPs) concentrations varied from not detected (Aldrin and 

Dieldrin) to 39,2 µg/kg for Hexachlorobenzene (HCB). The major OCPs compounds were HCB, β-

HCH and DDE. The highest values measured were: 39,2 µg/kg for HCB, 6,02 µg/kg for β-HCH, 4,88 

µg/kg for DDE. Other OCPs not exceed 2 µg/kg. 

In the bottom sediments the excess of ES were recorded for HCB (ES=2,5 µg/kg) at all stations, for 

β-HCH (ES=1,0 µg/kg) on stations 4a, for Lindane (ES=0,05 µg/kg) on stations 4, for total DDT 
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(ES=2,5 µg/kg) on station 4a, for total HCH (ES=5,0 µg/kg) on station 4a. The polychlorinated 

biphenyls (PCBs) concentrations determined in bottom sediment samples are presented in Figure 

V.1.54. Total polychlorinated biphenyls concentrations varied from 5,28 to 192 µg/kg. 

 

Figure V.1.54 Concentration of Total PCBs in bottom sediments of Zernov’s Phyllophora Field 
(April 2017) 

As follows from Figure 54, the Total PCBs (AR-1254) exceed the environmental standard at all 

stations, Ar-1260 – at station 11 and 4a, with maximum - 192 µg/kg.  

Figure V.1.55 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in sediment samples. As PCBs are incorporated into biological food chains, progressive loss 

of low chlorinated components occurs due to their selective bio-transformation. Therefore, in 

living organisms, the most dangerous highly chlorinated PCBs accumulate. 

 

Figure V.1.55 Concentration of sum individual PCBs with different content of Cl-atoms in 
bottom sediments of Zernov’s Phyllophora Field (April 2017) 

As follows from the Figure V.1.55, on station 11 PCBs containing 2 chlorine atoms in bottom 

sediment sample is predominating. In the sediments at station 4A is dominated by PCBs, which 

contain 5, 6 and 7 chlorine atoms. 
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Figure V.1.56 presents the concentrations of organochlorine pesticides (OCPs) in bottom 

sediment samples at the stations in Zernov’s Phyllophora Field in July 2017. 

 

Figure V.1.56 Concentration of OCPs in bottom sediments of Zernov’s Phyllophora Field 
 (July 2017) 

The organochlorine pesticides (OCPs) concentrations varied from not detected (β-HCH, 

Heptachlor and Aldrin) to 3,37 µg/kg for DDT. The major OCPs compounds were DDT, DDE, and 

HCB. The highest values measured were: 3,37 µg/kg for DDT, 1,60 µg/kg for DDE, 1,52 µg/kg for 

HCB. Other OCPs not exceed 1 µg/kg. In the bottom sediments the excess of ES were recorded 

for Lindane (ES=0,05 µg/kg) and for Total DDT (ES=2,5 µg/kg) at all stations. Other OCPs not 

exceed ES. The polychlorinated biphenyls (PCBs) concentrations determined in bottom sediment 

samples are presented in Figure V.1.57. Total polychlorinated biphenyls concentrations varied 

from 15,2 to 123 µg/kg. 

 

Figure V.1.57 Concentration of Total PCBs in bottom sediments of Zernov’s Phyllophora Field 
(July 2017) 
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As follows from the Figure V.1.57, the Total PCBs (AR-1254) exceed the environmental standard 

at all stations, Ar-1260 – at station 9 and station 11, with maximum 123 µg/kg. Figure V.1.58 

presents the concentrations of sum individual PCBs with different content of Cl- atoms in 

sediment samples. 

 

Figure V.1.59 Concentration of sum individual PCBs with different content of Cl-atoms in 
bottom sediments of Zernov’s Phyllophora Field (July 2017) 

As follows from the Figure V.1.59, maximum individual PCBs in bottom sediment sample on 

station 11, containing 5, 6 and 7 chlorine atoms is predominating. 

Figure V.1.60 presents the concentrations of organochlorine pesticides (OCPs) in bottom 

sediment samples at the stations in Zernov’s Phyllophora Field in August 2017. 

 

Figure V.1.60 Concentration of OCPs in bottom sediments of Zernov’s Phyllophora Field 
(August 2017) 
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The organochlorine pesticides (OCPs) concentrations varied from not detected (α-HCH, 

Heptachlor and Aldrin) to 6,06 µg/kg for DDT. The major OCPs compounds were DDT, DDE, HCB 

and Dieldrin. The highest values measured were: 6,06 µg/kg for DDT, 3,66 µg/kg for DDE, 2,80 

µg/kg for HCB, 1,55 for Dieldrin. Other OCPs not exceed 1 µg/kg. In the bottom sediments the 

excess of ES were recorded for Lindane (ES=0,05 µg/kg) and for Total DDT (ES=2,5 µg/kg) at all 

stations. HCB (ES=2,5 µg/kg) excess of ES on station 11. Other OCPs not exceed ES. The 

polychlorinated biphenyls (PCBs) concentrations determined in bottom sediment samples are 

presented in Figures V.1.61. Total polychlorinated biphenyls concentrations varied from 28,6 to 

225 µg/kg. 

 

Figure V.1.61 Concentration of Total PCBs in bottom sediments of Zernov’s Phyllophora Field 
(August 2017) 

As follows from Figure V.1.61, the Total PCBs (AR-1254 and Ar-1260) exceed the environmental 

standard at all stations, with maximum for Ar-1260 on station 9 - 225 µg/kg. 

Figure V.1.62 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in sediment samples. 

 

Figure V.1.62 Concentration of sum individual PCBs with different content of Cl-atoms in 
bottom sediments of Zernov’s Phyllophora Field (August 2017) 
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As follows from the Figure V.1.62, maximum individual PCBs in bottom sediment sample on 

station 9, containing 4, 5, 6 and 7 chlorine atoms is predominating. 

Figure V.1.63 presents the concentrations of organochlorine pesticides (OCPs) in bottom 

sediment samples at the stations in fours cruise on Water Bodies in August. 

 

Figure V.1.63 Concentration of OCPs in bottom sediments of Water Bodies (August 2017) 

The organochlorine pesticides (OCPs) concentrations varied from not detected (Heptachlor and 

Aldrin) to 21,9 µg/kg for DDT. The major OCPs compounds were DDT, HCB DDE and Dieldrin. The 

highest values measured were: 21,9 µg/kg for DDT, 5,70 µg/kg for HCB, 4,63 µg/kg for DDE, 3,34 

for Dieldrin and 1,85 for DDE. Other OCPs not exceed 1 µg/kg. In the bottom sediments the excess 

of ES were recorded for Lindane (ES=0,05 µg/kg) at station 1, 5, 6, 7, for HCB (ES=2,5 µg/kg) at 

station 7, for Dieldrin (ES=0,5 µg/kg) at stations 1,3,4,6,7 and for Total DDT (ES=2,5 µg/kg) at all 

stations. Other OCPs not exceed ES. The polychlorinated biphenyls (PCBs) concentrations 

determined in bottom sediment samples are presented in Figure  V.1.64. Total polychlorinated 

biphenyls concentrations varied from 7,87 to 831 µg/kg. 
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Figure V.1.64 Concentration of Total PCBs in bottom sediments of Water Bodies (August 2017) 

 

As follows from Figure V.1.64, the Total PCBs (AR-1254 and Ar-1260) exceed the environmental 

standard at all stations, with two maximums for Ar-1260 on station 5 and 7 - 682 µg/kg and 831 

µg/kg, respectively. 

Figure V.1.65 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in sediment samples. 

   

Figure V.1.65 Concentration of sum individual PCBs with different content of Cl-atoms in 
bottom sediments of Water Bodies (August 2017) 

 

As follows from the Figure V.1.65, maximum individual PCBs in bottom sediment sample on 

station 7, containing 6, 7 and 8 chlorine atoms is predominating. 

 



Scientific Report – Joint Black Sea Surveys 2017 

 

390 

Conclusions 

Concentrations of OCPs and total PCBs in the bottom sediments of the Ukrainian part of 
the Black Sea in 2017 in average indicate a high level of pollution. 

In the region of the Phyllophora Field, the greatest pollution by OCPs and total PCBs was 
detected in April 2017 at station No. 4a, in July and August at station No. 9. 

The highest exceedance of the environmental standard (ES) was recorded for HCB (˃15 
ES) in the Phyllophora Field in April at station No. 4a. For Dieldrin (˃3 ES) at station No. 
10, for Lindane (16 ES), for Total DDT (˃3 ES) and total PCBs (˃3 ES) at station No. 9, in 
the Phyllophora Field in August 2017. 

When studying Water Bodies, the maximum contamination of bottom sediments by 
OCPs and PCBs was observed at station No.7 in the Odessa Gulf. On this station highest 
exceedance of EQS was recorded for Lindane (˃12 ES), for DDT (˃8 ES), for Dieldrin (˃6 
ES) and for AR-1260 (˃41 ES). 

Highly chlorinated PCBs present a serious danger for living organisms. The greatest 
contamination by individual PCBs, in which highly chlorinated PCBs with 6, 7 and 8 
chlorine atoms predominate, was recorded at the station No. 7. 

 

 Polycyclic Aromatic Hydrocarbons (PAHs) - Phyllophora Field – April 
2017 

Figure V.1.66 presents the concentrations of PAHs in bottom sediment samples at the stations in 
Zernov’s Phyllophora Field in April 2017. 

 

Figure V.1.66 Concentration of PAHs in bottom sediments  
of Zernov’s Phyllophora Field (April 2017) 
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The major PAHs compounds were Fluoranthene, Pyrene, Acenaphthylene and 

Indeno(1,2,3cd)pyrene. The highest values measured were: 25,4 µg/kg for Fluoranthene, 18,9 

µg/kg for Pyrene, 13,9 µg/kg for Acenaphthylene and 10,4 for Indeno(1,2,3cd)pyrene. Other PAHs 

not exceed 10 µg/kg. In the bottom sediments the excess of ES were recorded only for 

Fluoranthene (ES=15 µg/kg) at station No. 4a. The total polycyclic aromatic hydrocarbons 

(∑16PAHs) content in sediments samples ranged from 6,84 to 129 µg/kg (Fig. V.1.67). The 

maximum of ΣPAHs was observed at station No. 4a. The maximum of benzo(a)pyrene equivalent 

(24,1 µg/kg) was observed also at station No. 4a. The amount of carcinogenic PAHs was in the 

range from 1,50 to 53,7 µg/kg, with a maximum at station No. 4a. 

 
Figure V.1.67 The level of water contamination PAHs in bottom sediments of Zernov’s 

Phyllophora Field (April 2017) 

According to the classification of samples by the content of the Σ PAHs, they refer on all station 

as little contaminated. 

Figure V.1.68 presents the concentrations of PAHs in bottom sediment samples at the stations in 

Zernov’s Phyllophora Field in July 2017. 

 
Figure V.1.68 Concentration of PAHs in bottom sediments 

of Zernov’s Phyllophora Field (July 2017) 
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The concentrations of all individual PAHs In the bottom sediments in July were very low and not 

exceed 10 µg/kg. Cases of excess of ES were not observed. The total polycyclic aromatic 

hydrocarbons (∑16PAHs) content in sediments samples ranged from 2,34 to 54,5 µg/kg (Fig. 

V.1.69). The maximum of ΣPAHs was observed at station 11. The maximum of benzo(a)pyrene 

equivalent (10,6 µg/kg) was observed also at station 11. The amount of carcinogenic PAHs was in 

the range from 0,85 to 22,0 µg/kg, with a maximum at station 11. 

 

Figure V.1.69 The level of water contamination PAHs in bottom sediments of Zernov’s 
Phyllophora Field (July 2017) 

According to the classification of sediment samples by the content of the Σ PAHs, on all stations 

they refer as little contaminated. 

Figure V.1.70 presents the concentrations of PAHs in bottom sediment samples at the stations in 

Zernov’s Phyllophora Field in August 2017. 

 

Figure V.1.70 Concentration of PAHs in bottom sediments of Zernov’s Phyllophora Field 
(August 2017) 
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The major PAHs compounds were Fluoranthene, Acenaphthylene, Pyrene, and Phenanthrene. 

The highest values measured were: 104 µg/kg for Fluoranthene, 82,1 µg/kg for Acenaphthylene, 

75,1 µg/kg for Pyrene, and 67,6 for Phenanthrene. Other PAHs not exceed 60 µg/kg. In the bottom 

sediments the excess of ES were recorded only at station 9 for Phenanthrene (ES=45 µg/kg), for 

Fluoranthene (ES=15 µg/kg), for Benzo(a)anthracene (ES=20 µg/kg), for Chrysene (ES=20 µg/kg), 

for Benzo(k)fluoranthrene (ES=25 µg/kg), for Benzo(a)pyrene (ES=25 µg/kg), for 

Indeno(1,2,3cd)pyrene (ES=25 µg/kg) and for Benzo(g,h,i)perylene (ES=20 µg/kg). 

The total polycyclic aromatic hydrocarbons (∑16PAHs) content in sediments samples ranged from 

53,5 to 683 µg/kg (Fig. V.1.71). The maximum of ΣPAHs was observed at station 9. The maximum 

of benzo(a)pyrene equivalent (138 µg/kg) was observed also at station 9. The amount of 

carcinogenic PAHs was in the range from 11,4 to 269 µg/kg, with a maximum at station 9. 

 

Figure V.1.71 The level of water contamination PAHs in bottom sediments of Zernov’s 
Phyllophora Field (August 2017) 

 

According to the classification of sediment samples by the content of the Σ PAHs, on station 9 

they refer as very polluted. At other stations, the level of contamination of bottom sediments by 

Σ PAH is estimated as little contaminated. 

Figure V.1.72 presents the concentrations of PAHs in bottom sediment samples at the stations of 

Water Bodies in August 2017. 



Scientific Report – Joint Black Sea Surveys 2017 

 

394 

 

Figure V.1.72 Concentration of PAHs in bottom sediments of Water Bodies (August 2017) 

The major PAHs compounds were Pyrene, Fluoranthene, and Phenanthrene. The highest values 

measured were: 617 µg/kg for Pyrene, 241 µg/kg for Fluoranthene and 163 for Phenanthrene. 

Other PAHs not exceed 40 µg/kg. In the bottom sediments the excess of ES were recorded only 

at station 7w for Phenanthrene (ES=45 µg/kg), for Fluoranthene (ES=15 µg/kg), for Chrysene 

(ES=20 µg/kg), for Benzo(a)pyrene (ES=25 µg/kg) and for Benzo(g,h,i)perylene (ES=20 µg/kg). The 

total polycyclic aromatic hydrocarbons (∑16PAHs) content in sediments samples ranged from 

20,3 to 1276 µg/kg (Fig. V.1.73). The maximum of Σ PAHs was observed at station 7w (Fig. 

V.1.74).The maximum of benzo(a)pyrene equivalent (144 µg/kg) was observed also at station 7w. 

The amount of carcinogenic PAHs was in the range from 2,43 to 136 µg/kg, with a maximum at 

station 7w. 

 

Figure V.1.73 The level of water contamination PAHs in bottom sediments of Water Bodies 
(August 2017) 
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According to the classification of sediment samples by the content of the Σ PAHs, on station 7w 

they refer as very polluted. At other stations, the level of contamination of bottom sediments by 

Σ PAH is estimated as little contaminated. 

   

Figure V.1.74 Concentration of PAHs in bottom sediments at station 7w of Water Bodies 
(August 2017) 

Conclusions 

Concentrations of PAHs in the bottom sediments of the Ukrainian part of the Black Sea in 
2017 indicate average level of pollution. 

However, two cases of very high contamination of bottom sediments by PAHs were 
observed: in August at the Phyllophora Field at station No. 9 and at the study of the Water 
Bodies at station No. 7. 

In the region of Phyllophora Field the highest exceedance of the environmental standard 
(ES) was recorded at station No. 9 for Fluoranthene (7 ES), for Benzo(g,h,i)perylene (2,4 
ES), for Indeno(1,2,3cd)pyrene (1,9 ES), for Benzo(k)fluoranthrene (1,8 ES), for Chrysene 
(1,7 ES), for Phenanthrene (1,5 ES), for Benzo(a)anthracene (1,2 ES). 

When studying Water Bodies, the maximum contamination of sediments by Σ PAHs (1276 
μg/kg) at station No. 7 in the Odessa Gulf was established. On this station highest 
exceedance of ES was recorded for Fluoranthene (16 ES), for Phenanthrene (3,6 ES), for 
Benzo(a)pyrene (1,7 ES), for Benzo(g,h,i)perylene (1,7 ES) and for Chrysene (1,2 ES). 

The highest values of Σ PAH (1276 μg/kg) and B(a)P equivalent (144 μg/kg) were recorded 
during monitoring of the Water Bodies at station No. 7 

The maximum of Σ carcinogenic PAH’s was recorded in the Phyllophora 

+ field in August at station No. 9.   
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V.2. Large-volume sampling of sea water followed by LC-
MS/MS and GC-MS analysis of potential Black Sea 
Specific Pollutants 

JRC chemical contaminant measurements  

 

Sampling, analytical methodologies and results of ultra-trace organic contaminants monitoring 

 

Giulio Mariani, Simona Tavazzi, Helle Skejo, Peter Oswald, Bernd Manfred Gawlik, Georg Hanke 

 

The presented short version of the report has been compiled by Peter Oswald. The full report is attached 
as an Annex 7 to this Report. 

 

V.2.1. Introduction 

The European Commission Joint Research Centre JRC provides support to the implementation of 

the Marine Strategy Framework Directive MSFD (EU 2008), aiming at achieving or maintaining 

good environmental status of the European Seas. The marine pollution by chemical contaminants 

is addressed by Descriptors D8 and D9 of the MSFD. Criteria and methodological standards as well 

as approaches for monitoring and assessment are specified in a Commission Decision (EU 2017). 

The protection of the European Seas requires a close collaboration across borders and with EU 

neighbouring countries in the shared marine basins. Therefore scientific collaboration and the 

application of agreed approaches are needed in order to derive comparable assessments results 

for marine pollution issues. The JRC is providing specific technical information for these 

harmonization processes, e.g. on the selection and prioritization of chemical substances in the 

marine environment (Tornero 2016, Tornero 2017, Tornero 2018).Further information can be 

found at the website of the JRC MSFD Competence Centre (http://mcc.jrc.ec.europa.eu/). 

The work presented in this report is aiming at improved chemical pollution monitoring of the 

Black Sea environment, enhancing the regional cooperation in the Black Sea area, increasing the 

alignment with MSFD principles in a shared sea and at an improved collaboration with EU 

associated and neighbouring countries in order to provide the basis for measures against 

chemical contaminants, including emerging substances. 

The EU/UNDP project EMBLAS-II (http://emblasproject.org/) aims at improving the protection of 

the Black Sea environment. The project is addressing the overall need for support in protection 

and restoring the environmental quality and sustainability of the Black Sea. The availability and 

quality of data on the chemical and biological status of the Black Sea should be improved, in line 

http://mcc.jrc.ec.europa.eu/
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with Marine Strategy Framework Directive MSFD and expected Black Sea Strategic Action Plan 

needs. 

DG JRC, Directorate for Sustainable Resources, through the Water and Marine Resources Unit 

provided support to this project by chemical analysis of selected organic trace contaminants in 

sea water samples and for monitoring of marine litter. 

 

V.2.2. Activities 

Following analytical support work to EMBLAS-II in 2016 (EMBLAS-II 2017, Mariani 2017), JRC 

provided, besides continued collaboration for the monitoring of marine litter, extended support 

in 2017. Inclose collaboration with the EMBLAS-II coordination team and the Slovak 

Environmental Institute, sampling strategies and work planning have been agreed. 

The samples for organic trace contaminant analysis have been taken during the 2017 EMBLAS-II 

Joint Black Sea Survey and during dedicated field campaigns in Ukraine and Georgia. 

Peter Oswald the Chemistry Expert of the EMBLAS-II project visited JRC in order to prepare 

sampling material for the cruise, including the pre-extraction of filters and adsorbants. The 

material was shipped at Environmental Institute and then transported to the departure port, 

Costanta, Romania and the sampling/ extraction devices were installed on the Research Vessel 

Mare Nigrum on 26.8.2017.  

The sampling on board was performed by Peter Oswald (Georg Hanke, JRC , joined the cruise for 

the first 1 day leg from Constanta, Romania to Odessa, Ukraine) with support by Ksenia 

Toholukova (Ukrainian Scientific Centre of Ecology of the Sea) during the duration of the cruise. 

The sampling activities included collecting 20 L spot samples, taken with 20 L stainless steel tanks 

on the open sea water surface from a small boat in a distance from the research vessel. Further20 

L samples have been taken in coastal areas of Ukraine and Georgia. 3 samples have been taken in 

Georgia, 3 in Ukraine, 1 inside and 1 outside the Danube delta area, 12 samples in open sea and 

9 samples for QA/QC and as replicates. 

Additional samples were collected for the University of Athens, to support non-target analysis. 

The 20 L samples have been filtered and extracted on-board of Mare Nigrum with a JRC developed 

manifold (Mariani 207, Mariani 2017a) onto filtration/extraction disks.  

A second set of samples was collected during ships transect, providing large scale integrated 

sampling. The large volume seawater sampling (Large Volume Transect Sampling, LV-TS) system 

has been installed on board the Mare Nigrum. This system provided water samples (typically of 

300-600 L volume) during transects on the moving ship for on-line filtration and extraction with 

two subsequent cartridges for later reference analysis at JRC. 
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The resulting filtration/extraction disks and cartridges have then been shipped to JRC in Ispra, 

Italy. After the cruise, the visiting scientist (Peter Oswald), in collaboration with Helle Skejo, 

prepared samples for instrumental analysis in the JRC Ispra laboratory facility. All the samples 

after extraction were divided in three fractions in order to support also other partner laboratories 

(University of Athens and Environmental Institute from the Slovak Republic) for non-target 

measurements.  

The measurements of the samples at JRC were performed by Gas Chromatography-High 

Resolution Mass Spectrometry (HRGC-HRMS), Giulio Mariani, and by High Performance Liquid 

Chromatography-Mass Spectrometry, performed by Simona Tavazzi.  

The samples were analysed with multi-compound methodologies including 104 substances 

selected from the following categories: corrosion inhibitor, antioxidants, anti-epileptic drug and 

metabolite, hypolipidemic agent, nonsteroidal anti-inflammatory drugs (NSAID), sunscreen, 

fluorinated compounds, antibiotic, insecticide, neonicotinoid insecticide, herbicide, algicide, 

dielectric and coolant fluid, products by incomplete combustion of matter, plasticizers, 

chlorinated and phosphate flame retardants. Among them, 35 substances are enclosed in the 

priority list of WFD (EU 2000). 

The sampling and analytical work provided 4266final individual results. 

 

V.2.3. Sampling and sample extraction 

 Mariani Box spot samples 

During the cruise on the research vessel Mare Nigrum, 20 L water samples were collected from 

the sea surface using a zodiac or glass fiber boat, or in case of rough sea, through a CTD system 

with Niskin sampling bottles. Coastal surface water samples from Georgia and Ukraine were 

sampled in HDPE containers. 

Open sea surface water spot samples were collected in 20 L steel tanks. The containers were 

previously cleaned with acetone and rinsed with Milli-Q water. Field blanks, reproducibility tests 

and break-through samples (BT) were collected in order to evaluate the efficiency of the 

extraction procedure.  

A total of 20 different spots were sampled: 3 in Georgia, 3 in Ukraine, 1 inside and 1 outside the 

Danube delta and 12 samples in the open sea. The sampling points are shown on the maps below 

(Figures V.2.1, V.2.2 and V.2.3.  
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Figure V.2.1: Sampling points on coast of Georgia 

 

 
Figure V.2.2: Sampling points on coast of Ukraine and in Danube delta zone 
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Figure V.2.3: 12 Sampling points in the open sea 

 

 Mariani Box Extraction method 

The extraction was performed with a manifold combining filtration and extraction in a single field-

portable box (Mariani 2017 + Mariani 2017a). The device consists of a Teflon holder for a 47 mm 

SPE Disk, a membrane pump, a digital flow meter and a battery (12V-9 Ah). All parts are 

assembled in an aluminum box, as shown in Figure V.2.4. 

 

Figure V.2.4: Sampling device used for sampling 

Quality assurance and control measures included analytical blanks, reproducibility test, field 

blanks and break-through samples.HLB SPE Disk (Hydrophilic/Lipophilic Balanced - AtlanticTM HLB-

H, Horizon Technology) filtration/adsorption cartridges, previously cleaned and conditioned, 

were used for sample extraction. 
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Water samples collected in containers were spiked with a mix of labeled internal standards and 

filtered/extracted on site at an average flow of 0.14 l/min.  

HLB disk activation, drying and elution were performed using an automatic extractor. 

A two fractions sequential elution was performed with ethyl acetate (1st fraction) followed 

methanol (2nd fraction).All used solvents were Pesticide Analysis grade. 

The ethyl acetate fraction was divided into two portions for the apolar and polar compounds 

analysis, respectively.  

The portion dedicated to apolar compound analysis was concentrated under gentle nitrogen flow 

to 100 µl and submitted to HRGC-HRMS analysis. The portion dedicated to polar compound 

analysis was added to the methanolic eluate, mixed and evaporated to dryness. The sample was 

reconstituted in 0.5 ml reconstituting solution, divided in two portions one for JRC and one for 

UoA. The JRC portions were analysed by UHPLC-MS/MS.  

 

 Large Volume Transect Sampling 

A total of 5 transects were sampled across the Black Sea within the 2017 EMBLAS Joint Open Sea 

Survey Georgia – Ukraine (JOSS GE-UA) with the Large Volume Transect Sampling (LV-TS) method. 

A 10 mm o.d./8 mm i.d. teflon tube has been mounted inside a steel protection tube on the right 

side of the ships hull, secured with steel cables, in order to collect sea water during navigation. 

The open sampling tube inlet was directed towards the navigation direction at ca. 1 m depth. A 

Teflon membrane pump (KNF-FLODOS) pumped the water at a rate of ca. 0.7 L/min to the 

laboratory container on the ships main deck into an overflow container. 

From the overflow container a fraction of the pumped water, using 0.8 o.d./0.6 i.d. mm Teflon 

tubes, was pumped with a second Teflon membrane pump (KNF-FLODOS) to a glass fiber filter 

cartridge and then to a set of two extraction cells (ASE 100 ml extraction cells (Thermo Fisher 

Scientific Dionex) with adapters) connected in series. Sampling flow rate through the 

filtration/extraction system was kept at 220 ml/min, controlled with a digital flowmeter. The first 

cell was a primary extraction cartridge and the second one was used for breakthrough evaluation. 

Both cells were filled with Amberlite XAD-2 as a stationary phase, mainly suitable for hydrophobic 

compounds.  

All the cells as well as the glass fiber filter cartridges used for the sampling campaign were pre-

cleaned, extracted and analysed for several contaminants before the use, in order to evaluate 

and reaching background contamination values appropriated at the purpose. 
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The transect coordinates and the sampled volume of each transect are the following: 

- Filter 1 (JOSS 1 - Cell 1;  JOSS 1 - Cell 2) 

- Starting date: 28/08/2017 – End date: 03/09/2017): 

o stretch - GPS data – start point: N: 46°29’53.2‘‘, E: 30°46’30.0‘‘ and end point: N: 

43°01’21.3‘‘, E: 37°33’51.3‘‘ 

o  loaded volume: 600 L 

- Filter 2 (JOSS 2 - Cell 1; JOSS 2 - Cell 2) 

- Starting date: 03/09/2017 – End date: 05/09/2017): 

o stretch - GPS data – start point: N: 41°40’56.6‘‘, E: 41°37’38.3‘‘ and end point: N: 

42°55’49.2‘‘, E: 37°01’46.3‘‘ 

o  loaded volume: 303 L 

- Filter 3 (JOSS 3 - Cell 1;  JOSS 3 - Cell 2) 

- Starting date: 05/09/2017 – End date: 06/09/2017) 

o stretch - GPS data – start point: N: 42°55’49.2‘‘, E: 37°01’46.3‘‘ and end point: N: 

43°24’53.1‘‘, E: 32°52’00.1‘‘ 

o  loaded volume: 293 L 

- Filter 4 (JOSS 4 - Cell 1;  JOSS 4 - Cell 2) 

- Starting date: 06/09/2017 – End date: 07/09/2017): 

o stretch - GPS data – start point: N: 43°24’53.1‘‘, E: 32°52’00.1‘‘ and end point: N: 

46°29’57.6‘‘, E: 30°46’06.3‘‘ 

o  loaded volume: 300 L 

- Filter 5 (JOSS 5 - Cell 1;  JOSS 5 - Cell 2) 

- Starting date: 07/09/2017 – End date: 08/09/2017): 

o stretch - GPS data – start point: N: 46°29’57.6‘‘, E: 30°46’06.3‘‘ and end point: N: 

44°06’50.8‘‘, E: 28°43’40.4‘‘ 

o  loaded volume: 295 L 

The graphical view of transects is shown on the Figure V.2.5. Figure V.2.6 shows the overlapping 

between LV Transect Sampling and the 12 spot samples in open sea. 
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Figure V.2.5: LV sampling transects in open sea 

 

 
Figure V.2.6: Overlapping between LV transects and the 12 spot samples in open sea 
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 Large Volume Transect Sampling extraction method 

Each transect sample consist of a filter cartridge and two extraction cells. All the cells filled with 

XAD-2 phase were cleaned using an Accelerated Solvent Extraction system (ASE) and analysed 

before sampling. After suitable results of blank tests, the cells were conditioned in MilliQ 

water/methanol 80/20 and delivered for the sampling campaign. 

Extraction cells as well as those used for the breakthrough and field blank evaluation were 

extracted usingASE. They were first extracted with methanol and then with hexane. The two 

extracts were combined and 100 ml MilliQ water were added. A back extraction of methanolic 

phase was carried out by liquid-liquid extraction (LLE) using Hexane. The Hexane was 

evaporatedto 10 ml and divided in 3 fractions: one for JRC analysis, one for University of Athens 

and the last one for SK Enviromental Institute. 

Filter catridges including those used for the field blank evaluation were extracted usingan ultra-

sonic extraction method (USE). As for the cells, the filter were cleaned, extracted and analysed 

before sampling. 

After the sampling the filters were first extracted with methanol and then with Hexane for 20 

min. in USE respectively. The two extracts were pooled and 100 ml of MilliQ water were added. 

A back extraction of methanolic phase was carried out by liquid-liquid extraction (LLE) method 

using hexane. The Hexane was  evaporatedto 10 ml and divided in 3 fractions: one for JRC analysis, 

one for University of Athens and one for SK Enviromental Institute. 

V.2.4. Analytical methods 

 QA/QC 

Quantification of selected analytes was performed using isotopic dilution method, implying the 

use of isotopically labelled analogues for polar, semi-polar and apolar compounds.  

The concept based on the use of identification points (IPs) proposed by the EU Commission 

Decision 2002/657/EC, both for GC-MS and LC-MS/Ms analysis was used to identify and confirm 

the selected analytes in real samples.  

In the present report, the compounds were identified and confirmed based on: retention time 

comparison of the corresponding standard; 

• ratios between two ions/MRM transitions (for all compounds analysed excepted for PAHs 

were just one ion was recorded).In the present report, the compounds were identified and 

confirmed based on: retention time comparison of the corresponding standard; 

• ratios between two ions/MRM transitions (for all compounds analysed excepted for PAHs 

were just one ion was recorded). 
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 HPLC-MS/MS for polar compound analysis 

Multi-residual UHPLC-MS/MS using isotope dilution method was developed and included the 

following analytes (Table V.2.1):  

Table V.2.1: Polar compound analysed by UHPLC-MS/MS 

Analyte ID  Use/Application  

Benzotriazole Corrosion inhibitor 

2,4-D Herbicide 

Atrazine  

Simazine 

MCPA 

Terbutryn  

Terbutylazine  

Aclonifen  

Irgarol Algicide 

Carbamazepine Anti-epileptic drug 

10,11-dihydro-10,11-dihydroxy-carbamazepine Metabolite of carbamazepine 

Bezafibrate  Fibrate (hypolipidemic agent) 

Gemfibrozil 

Ibuprofen  NSAID 

Naproxen  

Diclofenac 

PFBS Fluorinated compounds 

PFHpA 

PFHxA 

PFHxS 

PFNA 

PFOA 

PFOS  

Sulfamethazine  Antibiotic 

Sulfamethoxazole  

Acetamiprid  Neonicotinoid insecticide 

 

 GC-MS for semi-polar and apolar compound analysis 

The extracs were analysed by HRGC-HRMS using isotopic dilution method for all semi-polar and 

apolar compounds. 

EC-7 PCBs, Pesticides, Atrazine, HCBD, PAHs, EHMC, BHT and OPCs were analysed on double 

HRGC(Thermo Trace GC Ultra, Thermo Electron, Bremen, Germany), coupled with a DFS high 

resolution mass spectrometer HRMS(Thermo Electron, Bremen, Germany) operating in the EI-

mode at 45 eV with a resolution of 8000-10000.  
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V.2.5. Results and discussion  

 UHPLC-MS/MS analysis of polar compounds and perfluorinated 
compounds (PFCs) 
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 Semi-polar and Apolar Compounds 

V.2.5.2.1. Organophosphate Compounds (OPCs) 

In Tables V.2.2 and V.2.3 are reported the results of Organophosphate Compounds obtained with 20L spot samplesare reported. 

Table V.2.2 Organoposphate Compounds (OPCs) concentrations in three samples from: (i) the Danube delta (1-A, 1-A’, 1-C), (ii) Georgia Coast, 

and (iii) Ukraine Coast 

Conc (ng/l)  1-A 1-A' 1-C 1-GE 2-GE 3-GE 1-UA (CW5) 2-UA (CW7) 3-UA (CW8) 

Analyte ID/ Sample ID  

TEP 5.58 n.d. 29.36 2.88 1.35 0.96 1.28 1.62 1.38 

TNPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

TIBP 7.95 7.99 4.52 9.23 5.33 6.31 6.44 4.12 3.62 

TNBP 1.66 1.48 0.8 1.95 1.47 0.87 2.96 1.01 1.25 

TCEP 3.89 3.84 3.8 15.91 4.6 6.29 6.07 4.73 5.23 

TCPP 41.54 51.05 18.82 21.58 7.36 9.07 22.77 10.31 12.73 

TDCPP 3.69 3.44 1.38 1.43 0.88 0.78 2.57 0.69 0.81 

TBOEP <LOD <LOD 0.99 1.76 <LOD <LOD <LOD <LOD <LOD 

TPhP 0.28 0.27 0.11 8.24 3.24 3.53 1.16 0.16 0.52 

EHDP 0.7 <LOD 0.2 1.63 0.99 0.52 1.78 0.22 0.41 

TEHP 0.59 0.62 0.18 0.42 0.84 0.16 0.61 0.06 0.24 

TMPP 0.15 <LOD 0.08 4 0.25 1.43 0.88 0.07 0.74 

TIPPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

T35DMPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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Table V.2.3: Organoposphate Compounds (OPCs) concentrations in twelve open sea samples 

Conc (ng/l)  1-JOSS 2-JOSS 3-JOSS 4-JOSS 5-JOSS 6-JOSS 7-JOSS 8-JOSS 9-JOSS 10-JOSS 11-JOSS 12-JOSS 

Analyte ID/ Sample ID  

TEP 1.69 6.38 5.05 1.22 2.07 2.1 12.31 7.65 7.03 6.26 7.59 7.33 

TNPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

TIBP 2.64 3.78 4.05 0.71 2.05 2.22 2.02 2.23 1.88 2.6 2.43 2.26 

TNBP 0.56 0.94 0.79 0.51 0.54 0.56 0.52 0.7 0.46 0.59 0.73 0.73 

TCEP 4.86 4.16 5.75 4.03 4.05 3.83 4.12 3.86 3.73 4.7 4.14 4.53 

TCPP 10.43 15.55 16.49 6.55 7.24 7.44 7.79 10.37 9.93 9.93 10.2 11.45 

TDCPP 0.45 0.7 0.84 0.32 0.44 0.53 0.33 0.44 0.4 0.4 0.41 0.46 

TBOEP <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.53 <LOD <LOD <LOD <LOD 

TPhP 0.07 0.1 0.12 0.12 0.16 0.13 0.09 0.14 0.14 0.15 0.1 0.25 

EHDP 0.18 0.33 0.33 0.22 0.48 0.16 0.37 0.25 0.82 0.16 0.27 0.3 

TEHP 0.04 0.06 0.05 0.06 0.07 0.05 0.03 0.05 0.04 0.04 0.03 0.05 

TMPP 0.05 0.06 0.07 0.18 0.06 0.07 0.06 0.08 0.07 0.06 0.1 0.07 

TIPPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

T35DMPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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V.2.5.2.2. Pesticidesand Chlorinated Flame Retardants 

In the Tables V.2.4 and V.2.5 the results of Pesticides and Chlorinated Flame Retardants obtained with 20L spot samplesare reported. 

Table V.2.4: Pesticides and Chlorinated Flame Retardants concentrations in three samples from: (i) the Danube delta (1-A, 1-A’, 1-C), (ii) 
Georgia Coast, and (iii) Ukraine Coast 

Conc (pg/l)  1-A 1-A' 1-C 1-GE 2-GE 3-GE 1-UA (CW5) 2-UA (CW7) 3-UA (CW8) 

Analyte ID/ Sample ID  

PeCBz 29.9 --- --- 25.77 27.79 19.72 128.08 32.93 13.68 

HCB 34.86 --- --- 41.34 54.69 32.92 150.57 17.66 <LOD 

a-HCH 156.81 --- --- 172.02 102.71 129.8 118.89 115.85 71.27 

b-HCH 1682 --- --- 4955 3349 5019 1691 3092 2620 

g-HCH 97.17 --- --- 88.3 44.7 55.3 57.85 50.71 10.52 

d-HCH 38.54 --- --- 6.69 <LOD 3.77 <LOD <LOD <LOD 

e-HCH 20.99 --- --- 3.93 <LOD <LOD <LOD <LOD <LOD 

Sum-HCHs 1996 --- --- 5226 3496 5208 1867 3259 2702 

Heptachlor <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Heptachlor-exo-epoxide <LOD --- --- no Rec no Rec no Rec <LOD <LOD <LOD 

Heptachlor-endo-epoxide <LOD --- --- no Rec no Rec no Rec <LOD <LOD <LOD 

Sum-Hetachlorepoxides --- --- --- --- --- --- --- --- --- 

Aldrin <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Dieldrin 19.32 --- --- 45.74 <LOD 22.11 <LOD <LOD <LOD 

Endrin <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Isodrin <LOD --- --- no Rec no Rec no Rec <LOD <LOD <LOD 

Sum-Drins 19.32 --- --- 45.74 --- 22.11 --- --- --- 

trans-chlordane <LOD --- --- no Rec <LOD <LOD <LOD <LOD <LOD 

cis-chlordane <LOD --- --- no Rec <LOD <LOD <LOD <LOD <LOD 

Sum-Chlordane --- --- --- --- --- --- --- --- --- 

Oxychlordane <LOD --- --- no Rec no Rec no Rec <LOD <LOD <LOD 

trans-nonachlor <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

cis-nonachlor <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-nonachlor --- --- --- --- --- --- --- --- --- 

Endosulfane-alpha <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Endosulfane-beta <LOD --- --- 25.72 <LOD <LOD <LOD <LOD <LOD 
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Conc (pg/l)  1-A 1-A' 1-C 1-GE 2-GE 3-GE 1-UA (CW5) 2-UA (CW7) 3-UA (CW8) 

Analyte ID/ Sample ID  

Sum-Endosulfanes --- --- --- 25.72 --- --- --- --- --- 

Endosulfane-sulphate 7.77 --- --- <LOD <LOD 2.49 <LOD <LOD <LOD 

op-DDE 10.15 --- <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

pp-DDE 77.18 --- 57.97 41.63 176.11 40.46 266.19 <LOD <LOD 

op-DDD 118.9 --- 54.29 <LOD 104.81 23.63 <LOD <LOD 20.74 

pp-DDD 383.81 --- 177.33 70.74 304.14 82.51 244.45 <LOD 71.59 

op-DDT <LOD --- <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

pp-DDT 31.56 --- <LOD 91.82 86.75 46.53 <LOD <LOD <LOD 

Sum-DDTtotal 621.59 --- 289.58 204.19 671.8 193.13 510.64 --- 92.32 

Methoxychlor <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Mirex <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

HCBD 79.37 --- --- 54.07 96.58 46.32 526.37 202.08 0 

Dichlorvos <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Trifluralin <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Triallate 33.26 --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Chlorpyriphos 50.97 --- --- 172.18 168.74 97.56 112.45 31.2 <LOD 

Chlorfenvinphos <LOD --- --- <LOD no Rec no Rec <LOD <LOD <LOD 

Dicofol No stable --- --- No stable No stable No stable No stable No stable No stable 

Cypermethrins <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

Chloran 542 <LOD --- --- <LOD <LOD <LOD <LOD <LOD <LOD 

syn-Dechlorane Plus <LOD --- --- <LOD <LOD 29.3 <LOD <LOD <LOD 

anti-Dechlorane Plus <LOD --- --- <LOD <LOD 28.8 <LOD <LOD <LOD 
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Table V.2.5 Pesticides and Chlorinated Flame Retardants concentrations in twelve open sea samples 

Conc (pg/l)  1-JOSS 2-JOSS 3-JOSS 4-JOSS 5-JOSS 6-JOSS 7-JOSS 8-JOSS 9-JOSS 10-JOSS 11-JOSS 12-JOSS 

Analyte ID/ Sample ID  

PeCBz 6.76 11.05 8.22 33.08 6.76 5.46 7.58 5.79 14.33 11.07 15.48 12.05 

HCB 8.11 9.36 11.01 23.28 12.3 11.18 12.64 7.82 8.68 8.3 7.68 8.07 

a-HCH 496.5 115.97 125.44 99.91 98.44 99.65 104.18 87.43 80.49 88.58 107.14 79.18 

b-HCH 3377 3338 3344 3398 2690 2689 3438 3224 3773 4405 4517 3870 

g-HCH 53.73 78.23 74.35 45.15 47.35 43.62 58.64 48.5 46.35 54.09 78.48 43.96 

d-HCH 4.68 4.95 6.03 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.89 <LOD 

e-HCH 3.34 3.33 3.77 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-HCHs 3935 3540 3554 3543 2836 2832 3601 3360 3900 4548 4707 3993 

Heptachlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Heptachlor-exo-epoxide 7.31 2.23 3.41 2.97 2.69 2.24 2.39 2.96 3.17 3.62 3.81 3.15 

Heptachlor-endo-epoxide <LOD <LOD <LOD 2.23 2.16 1.98 <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-Hetachlorepoxides 7.31 2.23 3.41 2.97 2.69 2.24 2.39 2.96 3.17 3.62 3.81 3.15 

Aldrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Dieldrin 8.5 10.7 8.92 10.3 9.28 11.11 9.15 10.95 11.01 12.81 n.d 10.45 

Endrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Isodrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-Drins 8.5 10.7 8.92 10.3 9.28 11.11 9.15 10.95 11.01 12.81 --- 10.45 

trans-chlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

cis-chlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-Chlordane --- --- --- --- --- --- --- --- --- --- --- --- 

Oxychlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

trans-nonachlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.63 <LOD <LOD <LOD <LOD 

cis-nonachlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-nonachlor --- --- --- --- --- --- --- 0.63 --- --- --- --- 

Endosulfane-alpha <LOD <LOD <LOD 77.84 39.5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Endosulfane-beta <LOD 3.41 <LOD 24.07 17.74 3.98 5.21 4.8 3.98 <LOD 9.23 3.76 

Sum-Endosulfanes --- 3.41 --- 101.9 57.24 3.98 5.21 4.8 3.98 --- 9.23 3.76 

Endosulfane-sulphate 1.79 1.41 1.13 0.94 1.26 0.89 0.71 0.69 1.2 1.53 1.81 1.6 
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Conc (pg/l)  1-JOSS 2-JOSS 3-JOSS 4-JOSS 5-JOSS 6-JOSS 7-JOSS 8-JOSS 9-JOSS 10-JOSS 11-JOSS 12-JOSS 

Analyte ID/ Sample ID  

op-DDE 2.28 <LOD <LOD <LOD 2.49 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

pp-DDE 6.02 6.53 18.23 7.55 8.75 14 5.87 9.16 7.39 5.04 <LOD 4.91 

op-DDD 2.6 <LOD 16.47 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

pp-DDD 17.84 24.26 48.85 15.03 4.66 12.65 13.1 9.83 14.18 11.69 10.68 11.06 

op-DDT <LOD <LOD 3.1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

pp-DDT 7.69 7.08 11.43 9.05 18.01 13.48 4.89 12.15 11.3 7.26 10.5 7.75 

Sum-DDTtotal 36.43 37.88 98.08 31.63 33.92 40.13 23.86 31.15 32.87 23.98 21.18 23.71 

Methoxychlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Mirex <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

HCBD 15.66 52.55 23.1 161.3 82.94 42.96 46.02 86.44 538.58 138.79 46.46 221.66 

Dichlorvos <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Trifluralin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Triallate <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Chlorpyriphos 148.23 147.05 143.38 140.23 63.51 127.72 43.9 32.98 18.27 24.35 16.21 14.11 

Chlorfenvinphos <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Dicofol No stable No stable No stable No stable No stable No stable No stable No stable No stable No stable No stable No stable 

Cypermethrins <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Chloran 542 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

syn-Dechlorane Plus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

anti-Dechlorane Plus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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V.2.5.2.3. Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT 

In the Tables V.2.6 and V.2.7 the results of Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT obtained with 20L spot samplesare reported. 

Table V.2.6 Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT concentrations in three samples from: (i) the Danube delta (1-A, 1-A’, 1-
C), (ii) Georgia Coast, and (iii) Ukraine Coast 

Conc (pg/l)  1-A 1-A' 1-C 1-GE 2-GE 3-GE 1-UA (CW5) 2-UA (CW7) 3-UA (CW8) 

Analyte ID/ Sample ID  

Phenanthrene 3432 4229 2076 4089 8528 2865 22188 2450 5584 

Anthracene 1100 1075 1109 975 2953 762 6251 1149 1895 

Fluoranthene 2058 1902 795 1605 7002 1325 8116 904 5675 

Pyrene 1233 1456 522 1350 3994 866 9039 551 4956 

Benzo(a)anthracene 82 97 64 82 652 41 919 60 2000 

Chrysene 351 389 221 355 2273 344 1982 173 3565 

Sum Benzo(b,j,k)fluoranthene 704 924 459 583 4794 581 4301 498 16097 

Benzo(e)pyrene 296 285 189 274 2006 320 3725 154 3684 

Benzo(a)pyrene 225 244 192 146 1411 172 5992 173 4714 

Perylene 2304 2364 1260 770 4991 641 12105 95 2085 

Indeno(123-cd)pyrene 207 226 132 284 1702 289 3853 155 3494 

Benzo(ghi)perylene 571 559 380 722 3549 734 6262 266 6634 

Dibenz(ah)anthracene 133 183 125 198 1472 283 2549 102 2905 

Coronene 397 349 350 729 3044 1018 1509 85 3497 

BHT 74467 64846 70563 89454 84273 51495 267758 55477 184583 

EHMC 4972 93561 9700 3145 17348 6419 35174 10550 95585 
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Table V.2.7 Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT concentrations in twelve open sea samples 

Conc (pg/l)  1-JOSS 2-JOSS 3-JOSS 4-JOSS 5-JOSS 6-JOSS 7-JOSS 8-JOSS 9-JOSS 10-JOSS 11-JOSS 12-JOSS 

Analyte ID/ Sample ID  

Phenanthrene 1559 1620 1657 8270 1348 1521 1391 1044 1273 1105 1648 1279 

Anthracene 398 539 398 766 255 404 167 359 611 414 584 512 

Fluoranthene 285 384 507 292 541 258 557 325 452 282 374 368 

Pyrene 294 320 414 344 350 321 441 231 302 241 291 282 

Benzo(a)anthracene 6.47 10.27 8.23 14.93 12.90 7.84 21.36 5.63 7.45 14.04 14.56 11.98 

Chrysene 65.31 73.11 67.91 86.50 94.59 63.80 169 53 62 52 73 101 

Sum Benzo(b,j,k)fluoranthene 65.31 96.90 85.73 178 141 105 392 94 130 89 163 188 

Benzo(e)pyrene 19.56 28.09 21.64 43.65 57.08 21.13 86 36 29 26 49 50 

Benzo(a)pyrene 11.47 11.95 9.92 59.68 42.55 8.57 62 14.41 16.16 11.02 24.12 25.31 

Perylene 9.82 7.96 11.57 28.03 17.41 7.46 26 10.66 8.41 8.56 13.73 13.76 

Indeno(123-cd)pyrene 16.00 21.93 15.52 42.14 39.39 11.77 87 22.30 34.84 29.52 41.81 57.27 

Benzo(ghi)perylene 43.15 71.59 35.48 90.47 100 25.29 184 62.13 60.83 80.12 87.94 86.45 

Dibenz(ah)anthracene 16.48 21.05 <LOD 30.78 <LOD <LOD 14 <LOD <LOD <LOD 16.10 22.12 

Coronene 56.16 71.73 25.46 59.30 63.78 <LOD 111 33.75 37.55 63.02 66.02 82.10 

BHT 17827 29998 20702 10905 23276 28944 16114 19344 28103 22746 34448 30582 

EHMC 2440 3337 4608 2138 6487 3939 2949 8298 2095 3183 1302 1712 
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V.2.5.2.4. Polychlorinated Biphenyls (EC-7 PCBs) 

In the Tables V.2.8 and V.2.9 the results of EC-7 Polychlorinated Biphenyls obtained with 20L spot samplesare reported. 

Table V.2.8 EC-7 Polychlorinated Biphenyls concentrations in three samples from: (i) the Danube delta (1-A, 1-A’, 1-C), (ii) Georgia Coast, and 
(iii) Ukraine Coast 

Conc (pg/l)  1-A 1-A' 1-C 1-GE 2-GE 3-GE 1-UA (CW5) 2-UA (CW7) 3-UA (CW8) 

Analyte ID/ Sample ID  

EC-7 
         

PCB 28 86.17 89.89 29.07 24.89 78.93 22.24 38.42 10.52 31.06 

PCB 52 60.4 69.61 27.22 24.48 64.77 18.59 33.5 9.4 37.84 

PCB 101 66.33 71.92 30.96 30.18 91.25 24.17 68.32 6.13 61.06 

PCB 118 83.93 107 31.34 18.56 42.47 14.49 37.56 6.08 49.39 

PCB 138 72.53 98.32 45.95 62.16 108.19 51.17 153.46 22.17 80.5 

PCB 153 76.31 98.15 44.27 33.86 101.18 32.17 91.25 13.11 58.42 

PCB 180 15.6 22.96 13.01 <LOD 49.76 <LOD <LOD 4.72 <LOD 

                    

Sum EC-7 PCBs 461 558 222 194 537 163 423 72.12 318 

 

Table V.2.9 EC-7 Polychlorinated Biphenyls concentrations in twelve open sea samples 

Conc (pg/l)  1-JOSS 2-JOSS 3-JOSS 4-JOSS 5-JOSS 6-JOSS 7-JOSS 8-JOSS 9-JOSS 10-JOSS 11-JOSS 12-JOSS 

Analyte ID/ Sample ID  

EC-7 
            

PCB 28 3.82 4.3 5.85 6.6 5.06 4.58 4.32 3.17 3.9 3.14 3.41 3.68 

PCB 52 2.11 2.61 5.77 3.44 4.7 2.14 2.79 2.06 2.6 2.32 1.87 2.28 

PCB 101 2.95 3.15 6.7 5.09 7.27 5.78 3.95 3.28 4.55 3.46 2.22 3.03 

PCB 118 1.85 1.58 4.05 1.98 4.25 2.19 2 2.26 1.73 1.86 1.99 2.66 

PCB 138 6.42 5.23 16.77 11.54 17.97 14.28 8.58 8.64 10.84 8.63 6.54 6.06 

PCB 153 6.93 5.97 10.35 10.33 14.36 9.4 6.69 6.43 8.92 7.67 6.06 4.71 

PCB 180 4.44 <LOD 3.93 3.17 4.96 4.74 2.83 2.18 3.51 2.73 2.43 2.43 

                          

Sum EC-7 PCBs 28.52 22.84 53.42 42.16 58.57 43.11 31.17 28.03 36.04 29.8 24.53 24.85 
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 Individual results for Large VolumeTransect Samples 

V.2.5.3.1. Organophosphate Compounds (OPCs) 

In the Table V.2.10 the results of Organophosphate Compounds, filters and the sum of primary and secondary cells obtained with the Large 
Volume Transect sampling are reported. 

Table V.2.10 Results of Organophosphate Compounds in Transects 1,2,3,4, and 5  

Conc (ng/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 
and 2 

Filter Sum Cell 1 
and 2 

Filter Sum Cell 1 and 
2 

Filter Sum Cell 1 and 
2 

Filter Sum Cell 1 and 
2 

TEP <LOD 0.62 <LOD 0.9 <LOD 1.15 <LOD 0.84 <LOD 1.23 

TNPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

TIBP <LOD 2.63 <LOD 2.95 <LOD 2.81 <LOD 2.75 <LOD 4.31 

TNBP <LOD 0.42 <LOD 0.36 <LOD 0.44 <LOD 0.49 <LOD 0.65 

TCEP <LOD 0.24 <LOD 0.24 <LOD 0.28 <LOD 0.21 <LOD 0.18 

TCPP 0.017 4.78 0.044 4.63 0.023 4.16 0.021 5.11 0.056 7.6 

TDCPP <LOD 0.4 <LOD 0.32 0.008 0.34 <LOD 0.47 <LOD 0.89 

TBOEP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

TPhP <LOD 0.023 <LOD 0.012 0.004 0.011 <LOD 0.013 <LOD 0.025 

EHDP <LOD <LOD <LOD 0.035 0.014 0.025 <LOD 0.028 0.006 0.035 

TEHP 0.002 0.001 <LOD 0.003 0.002 0.003 0.002 0.003 0.006 0.009 

TMPP <LOD 0.018 <LOD 0.008 <LOD 0.035 <LOD 0.006 0.0005 0.008 

TIPPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

T35DMPP <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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V.2.5.3.2. Pesticides and Chlorinated Flame Retardants 

In the Table V.2.11 the results of Pesticides and Chlorinated Flame Retardants, filters and the sum of primary and secondary cells obtained with 
the Large Volume Transect sampling are reported. 

Table V.2.11 Results of Pesticides and Chlorinated Flame Retardants in Transects 1,2,3,4, and 5 

Conc (pg/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

PeCBz <LOD 1.47 <LOD 1.3 <LOD 1.65 <LOD 5.17 <LOD 7.25 

HCB <LOD 4.52 <LOD 4.29 <LOD 5.94 <LOD 6.11 <LOD 6.46 

a-HCH <LOD 127 <LOD 96.14 <LOD 153 <LOD 118 <LOD 136 

b-HCH <LOD 3858 <LOD 4089 <LOD 4753 <LOD 3444 <LOD 3060 

g-HCH <LOD 53.22 <LOD 43.03 <LOD 61.82 <LOD 55.48 <LOD 65.47 

d-HCH <LOD 2.99 <LOD 1.71 <LOD 2.54 <LOD 3.47 <LOD 7.59 

e-HCH <LOD 2.35 <LOD <LOD <LOD 2.37 <LOD 2.9 <LOD 6.29 

Sum-HCHs --- 4043 --- 4230 --- 4973 --- 3625 --- 3276 

Heptachlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Heptachlor-exo-epoxide <LOD 3.37 <LOD 4.09 <LOD 4.68 <LOD 3.46 <LOD 4.16 

Heptachlor-endo-epoxide <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-Hetachlorepoxides --- 3.37 --- 4.09 --- 4.68 --- 3.46 --- 4.16 

Aldrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Dieldrin <LOD 7.95 <LOD 9.55 <LOD 10.27 <LOD 7.46 <LOD 10.79 

Endrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Isodrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-Drins --- 7.95 --- 9.55 --- 10.27 --- 7.46 --- 10.79 

trans-chlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.1 <LOD 0.24 

cis-chlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.2 <LOD 0.23 

Sum-Chlordane --- --- --- --- --- --- --- 0.3 --- 0.47 

Oxychlordane <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

trans-nonachlor <LOD 0.12 <LOD <LOD <LOD <LOD <LOD 0.11 <LOD 0.12 

cis-nonachlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Sum-nonachlor --- 0.12 --- --- --- --- --- 0.11 --- 0.12 

Endosulfane-alpha <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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Conc (pg/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

Endosulfane-beta <LOD 1.52 <LOD 1.99 <LOD 1.88 <LOD 1.85 <LOD 1.81 

Sum-Endosulfanes --- 1.52 --- 1.99 --- 1.88 --- 1.85 --- 1.81 

Endosulfane-sulphate <LOD 0.77 <LOD 0.96 <LOD 0.68 <LOD 0.82 <LOD 2.12 

op-DDE <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.16 

pp-DDE <LOD 3.84 <LOD 1.15 <LOD 2.45 0.55 3.98 2.76 15.55 

op-DDD <LOD 4.78 <LOD 2.1 <LOD 2.9 0.45 6.35 1.56 34.67 

pp-DDD <LOD 12.39 0.19 9.53 0.28 12.56 1.12 25.41 5.83 137 

op-DDT <LOD 1.37 <LOD 0.59 <LOD 1.02 <LOD 0.88 0.44 1.48 

pp-DDT <LOD 5.29 <LOD 4.28 <LOD 5.16 0.24 4.05 1.87 4.79 

Sum-DDTtotal --- 27.67 0.19 17.65 0.28 24.09 2.36 40.66 12.46 195 

Methoxychlor <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Mirex <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

HCBD <LOD <LOD <LOD <LOD <LOD 18.63 <LOD <LOD <LOD 13.35 

Dichlorvos <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Trifluralin <LOD 0.7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.28 

Triallate <LOD 1.19 <LOD <LOD <LOD <LOD <LOD 1.27 <LOD 4.27 

Chlorpyriphos <LOD 109 <LOD 20.93 1.21 64.49 <LOD 107.86 1.2 76.31 

Chlorfenvinphos <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Dicofol <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Cypermethrins <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Chloran 542 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

syn-Dechlorane Plus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

anti-Dechlorane Plus <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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V.2.5.3.3. Triazines 

In the Table V.2.12 the results of Triazines, filters and the sum of primary and secondary cells obtained with the Large Volume Transect sampling 
are reported. 

Table V.2.12 Results of Triazines in Transects 1,2,3,4, and 5 

Conc (ng/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

Simazine <LOD 3.70 <LOD 4.39 <LOD 5.00 <LOD 3.46 <LOD 2.97 

Atrazine 0.009 29.39 0.022 35.1 0.034 37.85 0.019 28.16 0.0214 25.1 

Terbuthylazine <LOD 1.52 <LOD 1.28 <LOD 1.37 <LOD 1.71 <LOD 2.07 

                      

Sum triazines 0.009 34.61 0.022 40.78 0.034 44.22 0.019 33.33 0.0214 30.14 

 

V.2.5.3.4. Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT 

In the Table V.2.13 the results of Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT, filters and the sum of primary and secondary cells 
obtained with the Large Volume Transect sampling are reported. 

Table V.2.13 Results of Polycyclic Aromatic Hydrocarbons (PAHs), EHMC and BHT in Transects 1,2,3,4, and 5 

Conc (pg/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

Phenanthrene <LOD 543 <LOD 361 44 381 <LOD 463 36 543 

Anthracene <LOD 34 <LOD 29 14 30 <LOD 27 <LOD 45 

Fluoranthene 10 29 10 31 13 68 <LOD 17 19 53 

Pyrene <LOD 133 <LOD 120 <LOD 127 <LOD 116 25 128 

Benzo(a)anthracene 2.39 4.23 <LOD 2.43 2.28 <LOD <LOD <LOD 6.33 4.09 

Chrysene 6.61 49.43 <LOD 43.09 8.38 35.13 <LOD 30.66 13.92 42.90 

Sum Benzo(b,j,k)fluoranthene 9.91 17.16 5.92 17.04 11.53 15.75 5.08 9.10 18.86 10.67 

Benzo(e)pyrene 4.36 6.74 1.86 4.92 5.22 4.23 1.98 1.78 9.40 7.10 

Benzo(a)pyrene 4.72 1.50 1.35 0.77 3.34 1.31 1.40 <LOD 8.54 1.42 

Perylene 2.30 1.03 0.75 0.77 1.19 0.43 0.93 0.51 119 61.30 
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Conc (pg/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

Indeno(123-cd)pyrene 4.27 1.68 2.17 3.60 4.90 2.15 1.64 0.97 6.60 1.15 

Benzo(ghi)perylene 7.69 1.94 3.46 1.86 7.07 3.66 3.47 1.51 15.48 3.21 

Dibenz(ah)anthracene 2.49 1.05 0.89 1.26 2.20 <LOD 0.90 0.76 4.80 1.15 

Coronene 6.16 0.72 3.77 <LOD 6.06 1.64 2.61 <LOD 14.78 1.55 

BHT <LOD <LOD <LOD <LOD <LOD 76 <LOD <LOD <LOD <LOD 

EHMC <LOD <LOD 77 93 96 187 75 85 74 198 

 

V.2.5.3.5. Polychlorinated Biphenyls 

In the Table V.2.14 the results of EC-7 Polychlorinated Biphenyls, filters and the sum of primary and secondary cells obtained with the Large 
Volume Transect sampling are reported. 

Table V.2.14 EC-7 Polychlorinated Biphenyls in Transects 1,2,3,4, and 5 

Conc (pg/l)  Transect_1 Transect_2 Transect_3 Transect_4 Transect_5 

Analyte ID/ Sample ID  Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 Filter Sum Cell 1 and 2 

EC-7                     

PCB 28 <LOD 1.51 <LOD 0.83 <LOD 1.33 <LOD 1.58 0.6 10.07 

PCB 52 <LOD 0.8 <LOD 0.46 <LOD 0.61 <LOD 1.27 0.45 7.54 

PCB 101 <LOD 0.67 <LOD 0.38 <LOD 0.39 <LOD 0.62 0.71 4.98 

PCB 118 <LOD 0.51 <LOD 0.25 <LOD <LOD <LOD <LOD 0.83 4.39 

PCB 138 <LOD 0.62 <LOD <LOD <LOD <LOD <LOD <LOD 1.32 2.91 

PCB 153 <LOD 0.88 <LOD <LOD <LOD <LOD <LOD <LOD 1.43 3.74 

PCB 180 <LOD 0.34 <LOD <LOD <LOD <LOD <LOD <LOD 0.48 0.61 

                      

Sum EC-7 PCBs --- 5.34 --- 1.93 --- 2.33 --- 5.74 5.81 34.25 
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V.2.6. Conclusions 

Two different sampling methodologies were succesfully applied during EMBLAS-II cruise for a 

total of 49 samples collected,104 substancesanalysed (35 enclosed in the priorirty list of WFD) 

and about 4266 final individual results.  

Note that the interpretation of the analytical results with regards to their spatial distribution 

or potential sources is not within the scope of this report. 

Some technical considerations which might be of use for the interpretation of the results are 

reported hereafter: 

• The coastal samples collected in the HDPE containers showed very low recoveries, so 

the methodological LODs and LOQs obtained for the 20L spot samples must be 

considered to be at least 5 times higher. 

• The coastal samples collected in the Georgia and Ukraine showed very low recoveries, 

so theirpositive findingsshould be considered as indicative only. 

• Very good reproducibility for all detectable compounds was obtained with 20L 

sampling device 20L using stainless steel sampling containers (Mariani Box). 

• Very good sampling efficiency for all detectable compounds was obtained with extra 

large sampling device even sampling up to 600L (Large Volume Transect Sampling). 

• Large Volume Transect Sampling allows to reach the most stringent and challenging 

EQS for Heptachlor with LOD 0.1 pg/L (EQS: 0.2 pg/L). 

• The Large Volume Transect samplinggetsclose to the required LOD for Heptachlor-

epoxide but remains slightly to high (LOD 0.29 pg/L vs. EQS: 0.2 pg/L). It allows to reach 

the required performance if the sampling volume is sufficient high.Splitting of the 

samples for different increases LODs. 

• High concentrations of Triazines, in particular Simazine and Atrazine, were found (tens 

nanograms per liter) in the 20L spot samples. These compounds wereanalysed also 

byLV transect sampling, confirming the detected high levels of contamination.  

• Low molecular weight PAHs (e.g.: Naphthalene, Acenaphthylene, Acenapthene and 

Fluorene) have been analysed but not reported, as the methodology resulted to be not 

suitable for them. 

• Low molecular weight of HCBD and his high volatility makes the methodology not 

suitable for HCBD analysis. The concentration of HCBD must be considered as 

indicative only. 

• For the interpretation of elevated concentrations of EHMC, a sunscreen agent, 

possible sources of contamination should be takeninto consideration, both on-site due 

to personal application and during sample handling and preparation. 
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• The interpretation of the results includingthe mapping of the concentrations and the 

identification of eventual gradients and concentration distributions, will provide 

further  

• Quality controlof the analytical results through probability considerations and source 

attribution analysis. 

• The obtained results revealed the presence of several WFD priority substances as well 

as other emerging pollutants (e.g. perfluorinated compounds, pharmaceuticals, PCBs, 

flame retardants) at environmentally relevant concentrations in the Black Sea water 

samples. The results were useful also in terms of indicating pollution patterns by 

specific substances (e.g., increased concentrations at the estuaries of large rivers, next 

to large ports, country specific, etc.).  

• Many substances from the group of polar compounds were detected with high 

frequency, however, the concentrations were well below their AA-EQS or PNEC values. 

AA-EQS of WFD PS PFOS (0.13 ng/l) was exceeded at seven sampling stations and the 

highest concentrations were recorded at sampling stations affected by the Danube 

River (NPMS UA 7, 0.73 ng/l; UA 5, 0.48 ng/l and JOSS 25, 0.27 ng/l).  

• Organophosphorus compounds, new generation flame retardants being commonly 

used instead of polybrominated compounds, were detected at each site. The sum of 

the concentrations of all OPCs was highest at the area close to the Danube estuary, 

however, the highest exceedances of the available PNEC values were observed for 

TMPP at the Dniester region (NPMS UA 2; 0.77 ng/l) and in Georgian waters (NPMS GE 

2, 8, 13).   

• Polyaromatic hydrocarbons were present at all sampling sites, increased 

concentrations were registered at the sites impacted by the Danube (NPMS UA 7, 5, 

JOSS 25), Dniester (NPMS UA 2) and at several Georgian sampling sites (NPMS GE 15, 

13, 11, 3, 2). AA-EQS of WFD PS benzo(a)pyrene (0.17 ng/l) was exceeded at all of the 

above mentioned stations – the highest value was determined at NPMS UA 7 (2.04 

ng/l). At four sampling sites (NPMS GE 15, 11, UA 7, JOSS 25) the concentrations of 

pyrene exceeded the PNEC value (4.6 ng/l). Sunscreen agent EHMC was determined 

above its PNEC (27.1 ng/l) at NPMS GE 3. • PNEC values of all detected PCBs congeners 

were exceeded at many sites and, rather frequently, by more than an order of 

magnitude. The most polluted sites were JOSS 25, 2; NPMS UA 2, 5, 7, 11 and NPMS 

GE 15, 13, 2, 11.  

• Most of the compounds from the group of pesticides were determined below their 

AAEQS and PNEC values. However, samples from NPMS GE 1 and 2 contained WFD PS 

cypermethrin at concentrations 525.69 pg/L and 132.90 pg/L, respectively, exceeding 

significantly its AA-EQS (8 pg/L). Similarly, AA-EQS of WFD PS (sum of) heptachlor and 

heptachlor epoxide (0.01 pg/L) was exceeded in samples from NPMS GE 2 (15.14 pg/L), 

9 (12.73 pg/L), 5 (6.97 pg/L) and 1 (6.28 pg/L). The sum of HCH isomers exceeded the 

HCH limit value at 29 out of 33 investigated sites and the presence of this substance in 

the Black Sea environment should be carefully monitored.  
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• Risk Quotients of flame retardant Tritolyl phosphate (TMPP), sun screen agent 

Ethylhexylmethoxycinnamate (EHMC) and seven studied PCB congeners were 

exceeded at several stations and therefore these substances should be included in 

future investigative monitoring programmes.  

  

V.2.7. Gaps  

• The reported exceedances of EQS values by WFD PS were based only on a single result 

per NPMS/JOSS sampling station and therefore the chemical status (of coastal waters 

according to the WFD) can only be mentioned as 'indicative'.  

• EQS values of quite some WFD PS (e.g., heptachlor and heptachlor epoxide, 

cypermethrin, dichlorvos, dicofol, HBCDD, PFOS and PAHs) are extremely low and 

hardly achievable by the state of the art sampling and analytical techniques. The 

method LOQs are higher than the corresponding EQSs and therefore the obtained 

results do not offer sufficient level of protection.  

• The distribution of sampling stations did not provide systematic overview on the 

pollution of coastal water bodies and territorial waters. In Ukraine, most of the 

sampling stations were beyond the coastal waters line; in Georgia, almost all stations 

were only in the coastal zone and information on territorial waters quality was missing.  

  

V.2.8. Recommendations  

• To repeat the NPMS/JOSS surveys in order to confirm the presence and relevance of 

detected WFD PS and other pollutants.  

• To introduce substances identified as relevant during the NPMS/JOSS GE-UA 2016 into 

national monitoring programmes in order to collect critical mass of pollution baseline 

data.  

• To revise the positions of sampling stations in the surveys planned for 2017 in a way 

to be able to reliably identify the sources of pollution and pollution distribution 

patterns.  

• To carry out prioritisation of Black Sea Specific Pollutants and focus monitoring 

programmes only on those substances which are proven to be present in the national 

coastal and territorial waters at environmentally relevant levels.  

• To introduce extra-large volume sampling (hundreds of litres) techniques in the 2017 

surveys programme in order to reach extremely low concentration levels of selected 

new priority substances and Black Sea Specific Pollutants.   



Scientific Report – Joint Black Sea Surveys 2017 

 

424 

V.3. Target, suspect and non-target screening of Black Sea 
pollutants in water and sediments by LC-HR-MS and 
GC-MS techniques 

 

Nika Maria-Christina, Alygizakis Nikiforos, Psoma Aikaterini, Damalas Dimitrios  

and Thomaidis S. Nikolaos 

 

EXECUTIVE SUMMARY 

Monitoring activities over several decades have revealed the ubiquitous presence of organic 

micro-contaminants and trace metals in all compartments of the marine environment (water, 

sediment and biota). 

The Water Framework Directive (WFD) (2000/60/EC) sets a comprehensive management 

planning system to help protect and improve the ecological and chemical status of European 

water bodies. This is underpinned by the use of environmental quality standards (2013/39/EU) 

to help assess risks to the ecological quality of water environment and to identify the scale of 

improvements that would be needed to bring waters under pressure back into a good 

condition. The chemical pollutants that are regulated under international legislation represent 

a very small fraction of the universe of chemicals that occur in the environment as a result of 

human activities [1]. According to NORMAN (Network of reference laboratories, research 

centers and related organizations for monitoring emerging environmental substances), 

emerging contaminants (ECs) are compounds that are not included in routine environmental 

monitoring programs and may be candidates for future legislation due to their adverse effects 

and/or persistency (http://www.norman-network.net/). ECs encompass a diverse group of 

compounds, including i.a. pharmaceuticals and personal-care products (PCPs), psychotropic 

drugs, drugs of abuse, steroids and hormones, endocrine disrupting compounds, surfactants, 

perfluorinated compounds, pesticides, phosphoric ester flame retardants, industrial additives 

and agents (e.g., benzotriazoles and benzothiazoles), siloxanes, artificial sweeteners, gasoline 

additives and the transformation products of the aforementioned groups of compounds [2]. 

There is a concern that these compounds may have an impact on aquatic life and thus they 

may be candidates for future legislation due to their adverse effects and/ or persistency. The 

ECs encompass a diverse group of compounds, however, only a small proportion of the 

chemical compounds have been sufficiently monitored in the water bodies [3]. The 

development of high resolving power mass analyzers (HRMS) has contributed a lot towards 

the wide-scope screening of emerging contaminants. HRMS full scan acquisition offers the 

possibility of retrieving all the information concerning the analytes in post-acquisition 

approaches. Moreover, for evaluating their probable negative effects in human life and 

ecosystem, toxicity assessment performance is needed. Novel prediction models are used for 

extracting the harmful levels of pollution for every tested contaminant. 

http://www.norman-network.net/
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This report describes and documents the degree of contamination and the effects of pollution 

by hazardous substances in the Black Sea, mainly its Eastern (Georgian area) and Western 

(Ukrainian/Romanian area) sides. An in-depth contamination survey was carried out based on 

the profiling of WFD priority substances (2013/39/EC) and the screening of potential Black Sea 

Specific Pollutants in different environmental compartments (seawater and sediments) and 

marine organisms (mollusks, fish and dolphins). Several analytical methods and novel 

techniques were applied for the analysis of the samples. Target, suspect and non-target 

screening approaches were followed for the detection of priority pollutants and emerging 

contaminants, while advanced software and sophisticated tools were used for results’ 

extraction and toxicity prediction. Moreover, the risk of the identified emerging contaminants 

on the aquatic environment was evaluated following the EU risk assessment quidelines 

(Directive 93/67/EEC, 1488/94/EC, Directive 98/8/EC). 

 

V.3.1. Targeted determination of Black Sea pollutants in water 
and sediments by LC-QToF-MS and GC-MS/MS techniques 

 Introduction 

The study area for contamination state was covered by three transects of Black Sea; the 

western side close to Ukraine/Romania (Danube Delta), the eastern Black Sea close to Georgia 

and the central side including (open sea) sampling points across the length of Black Sea and 

out of reach of any coastal city. Seawater and sediment samples close to Georgia (GE) and 

Ukraine/Romania (UA/RU) were obtained during the National Pilot Monitoring Studies 

(NPMS), while the Open Sea samples during Joint Open Sea Surveys (JOSS). Twenty seawater 

samples (twelve JOSS, five NPMS UA and three NPMS GE) and five sediment samples (three 

JOSS and two NPMS UA/RU) in total were collected and analyzed. The sampling points of this 

survey are presented in Fig. V.3.1. 
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Figure V.3.1. Sampling points of EMBLAS-II survey  in August/September 2017.
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 Materials and methods 

Priority pollutants and emerging contaminants may be present at ng or even pg/L in seawater 

samples. Thus, the most common procedures used to carry out the determination of organic 

compounds in aquatic environmental matrices applied sample pre-concentration steps, such 

as solid-phase extraction (SPE) or liquid-liquid extraction (LLE) followed by separation and 

determination using liquid (LC) or gas chromatography (GC), coupled with mass spectrometry 

(LC–MS or GC–MS). Tandem mass spectrometry (MS/MS) offers higher performance than 

single-quadrupole instruments, in terms of sensitivity and selectivity. Moreover, the screening 

of known and suspect emerging contaminants is performed by LC- and/or GC- high resolution 

MS and post-acquisition data treatment workflows. ICP-MS was used for the determination 

of metals and arsenic after acidification (for seawater) and on-line addition of internal 

standards. 

The sediment samples were wet-sieved through 63 um mesh size sieve during the survey, then 

freeze-dried in the laboratory and the results are provided in μg/Kg (dry weight). The (%) water 

content in each sample was calculated and is presented in Table V.3.1. 

Table V.3.1. (%) Water content of sediment samples. 

Sediment sample names (%) Water content 

JOSS 1 70.3 

JOSS 4 87.3 

JOSS 8 74.5 

1A 68.4 

1B 76.3 

 

Apart from the 45 (groups of) priority substances that are included in the Environmental 

Quality Standard Directive (EQS Directive 2008/105/EC, updated by Directive 2013/39/EU), 

2041 additional emerging contaminants were screened by an in-house LC-QToFMS screening 

method, developed at the Laboratory of Analytical Chemistry of the National and Kapodistrian 

University of Athens (UoA). Organic compounds of several classes, like pharmaceuticals, 

veterinary drugs, industrial chemicals, drugs of abuse, naturally occurring compounds, 

pesticides, stimulants etc., as well as their transformation products (TPs) were included in the 

screening list for applying a holistic target screening approach on environmental basis. A 

description of the analytical methods used and the specific classes of pollutants determined 

in each matrix, are presented in Table V.3.2. A scheme of the glass column used for the clean-

up of sediments samples extracts prior to GC-MS analysis, is depicted in Fig. V.3.2. 

Isotope labeled compounds were added and spiked samples were also prepared and analyzed 

for ensuring the quality control of every method, for recoveries estimation and for 

quantitation purposes.  
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Table V.3.2. Classes of priority substances and emerging contaminants determined in 

seawater and sediment samples, along with the used analytical method. 

Class of priority pollutants & 
emerging contaminants 

Matrix Sample preparation method Analytical method 

Chloroalkanes Seawater Clean-up and pre-concentration by XLVSPE 
using Amberlite XAD adsorbent 

GC-CI (-)-MS  

(SIM mode) 

Heavy Metals (HM) and Arsenic Acidification  ICP-MS 

Phthalates Clean-up and pre-concentration by LVSPE, 
using HLB SPE Disks, followed by two 
fractions sequential elution for the 
determination of polar and apolar 
compounds** 

LC-ESI (+/-)-
QTOFMS(/MS) 

(bbCID mode)**** 
Phenols 

Emerging contaminants* 

Organochlorine pesticides (OCPs) Sediments Ultrasonic assisted extraction with organic 
solvents, followed by clean-up and 
preconcentration through a glass 
chromatography column filled with alumina 
and silica*** 

GC-EI-MS/MS  

(SRM mode) ***** 

Phthalates Ultrasonic assisted extraction with 
MeOH/H2O 

LC-ESI (+/-)-
QTOFMS(/MS) 

(bbCID mode) 
Phenols 

Emerging contaminants 

* including pharmaceuticals, veterinary drugs, personal care products, pesticides, stimulants, psychotropic drugs, 
drugs of abuse, industrial chemicals, sweeteners, naturally occurring compounds, as well as their TPs. 

** the extracts were prepared by the research team of JRC and delivered to UoA for HRLC-MS analysis 

*** depicted in Fig. V.3.2 

**** broadband collision-induced dissociation mode, which provides MS and MS/MS spectra at the same time, 
while it works at two different collision energies. At low collision energy (4 eV), MS spectra were acquired and at 
high collision energy (25 eV), fragmentation is taking place at the collision cell resulting in MS/MS spectra. 

***** LC-ESI(-)-QTOFMS(/MS) was used for Hexabromocyclododecane determination 

 

 

 

Figure V.3.2. The glass column used for the clean-up  

of sediment extracts prior to analysis by GC-MS. 
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Methods – Instrumental Analysis  

1. LC-ESI-QTOFMS analyses were conducted by an ultrahigh-performance liquid 

chromatographic (UHPLC) system with a HPG-3400 pump (Dionex Ultimate 3000 RSLC, 

Thermo Fischer Scientific, Dreieich, Germany) coupled to a QTOF mass spectrometer (Maxis 

Impact, Bruker Daltonics, Bremen, Germany).  

Chromatographic separation was performed using an Acclaim RSLC C18 column (2.1 x 100 

mm, 2.2 μm) from Thermo Fischer Scientific (Dreieich, Germany) preceded by a guard column 

of the same packaging material, thermostated at 30°C. For positive ionization mode (PI), the 

mobile phases were water/methanol 90/10 (solvent A) and methanol (solvent B) both 

amended with 5 mM ammonium formate and 0.01% formic acid. For negative ionization mode 

(NI), the mobile phases consisted of water/methanol (solvent A) and methanol (solvent B) 

both acidified with 5 mM ammonium acetate. The adopted gradient elution program was the 

same for both ionization modes, starting with 1% B with a flow rate of 0.2 mL min-1 for 1 min 

and it increased to 39 % in 2 min (flow rate 0.2 mL min-1), and then to 99.9 % (flow rate 0.4 mL 

min-1) in the following 11 min. Then, it kept constant for 2 min (flow rate 0.48 mL min-1), then 

initial conditions were restored within 0.1 min, kept for 3 min and then the flow rate 

decreased to 0.2 mL min-1. The injection volume was 5 µL. 

The QTOFMS system was equipped with an electrospray ionization interface (ESI), operating 

in positive and negative mode, with the following operation parameters: capillary voltage 

2500 V (PI) and 3500 (NI); end plate offset, 500 V; nebulizer pressure 2 bar; drying gas 8 L 

min−1 and gas temperature 200°C. The QTOF MS system was operated in data-independent 

(broadband collision-induced dissociation (bbCID)) acquisition, as well as in data dependent 

(Auto MS/MS) acquisition mode and records spectra over the range m/z 50−1200, with a scan 

rate of 2 Hz. A QTOFMS external calibration was performed daily with the manufacturer's 

solution. The instrument provided a typical resolving power (FWHM) between 36,000-40,000 

at m/z 226.1593, 430.9137 and 702.8636. 

Phthalates Analysis 

For phthalates determination only positive ESI analysis was needed. 

Phenols Analysis 

Both positive and negative ESI analyses were performed for phenols determination. Most of 

the compounds included in this class are detected as negatively charged ions, except for 

nonylphenol and octylphenol ethoxylates. 

Emerging Contaminants Analysis 

Emerging contaminants screening method encompasses up to 20401 compounds. For their 

detection both positive and negative ESI analyses were performed. 

2. ICP-MS analysis was conducted on a Thermo Scientific iCAP RQ ICP-MS for the 

determination of metals and arsenic. Kinetic energy discrimination (KED) was performed using 

He for the reduction of interferences. Element-specific internal standards were added 

constantly with an on-line fast autosampler system.  
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3. GC-EI-MS/MS  analysis was performed with a Bruker 456-GC (with a PTV-type inlet) coupled 

with a triple quadrupole mass spectrometer (EVOQ GC-TQ Premium), equipped with a PAL RSI 

Sampler. GC was operated in splitless injection mode and the splitless purge valve was 

activated 1 min after injection. The injection volume was 1 μL. A 30 m Restek Rxi-5Sil MS 

column (0.25 mm i.d. x 0.25 μm film thickness) was used with He as carrier gas in a constant 

flow of 1.5 mL min-1. The GC oven was programmed as follow: 55°C initial hold for 3 min, 

increase at a rate of 15°C min-1 to 180°C, then increase with a step of 6.5°C min-1 to 280°C and 

hold for 5 min followed by an increase of 10°C min-1 to 300°C and hold for 5.28 min. The 

temperature of the splitless injector port, GC-MS transfer line transfer line and MS source was 

maintained at 280, 280 and 250°C respectively. The data was acquired in SRM mode. 

4. GC-NCI-MS analysis was performed in an Agilent HP-7890 GC equipped with a Multimode 

inlet, connected to an Agilent 5975C single quadrupole. The injection volume was 20 μL. A 30 

m Agilent J&W HP-5ms column (0.25 mm i.d. x 0.25 μm film thickness) was used with 

Hydrogen as carrier gas in a constant flow of 1.0 mL min-1. The GC oven was programmed as 

follows: 60°C initial hold for 5 min, increase at a rate of 20°C min-1 to 170°C, then increase with 

a step of 5°C min-1 to 270°C and hold for 20 min. The data was acquired in SIM mode. 

For statistical treatment of the results, when the concentration of a compound was below the 

limit of quantification (BQL), substitution of BQL with LOQ/2 was followed, as indicated by 

Directive 2009/90/EC. 

The Screening Detection Limit (SDL) is reported for the contaminants that were determined 

by the wide-scope LC-QToFMS screening method. The SDL is established as the lowest 

concentration level tested for which a compound is detected in all spiked samples, at the 

expected retention time and with specific mass error of the precursor ion. In our in-house 

developed method, the SDL was established as the concentration level at which the thresholds 

of (i) retention time and (ii) mass accuracy of the precursor ion were satisfied. The SDL is not 

compound-specific, but a generic reporting value derived after method validation. Thus, the 

SDL for the compounds included in the database of this screening method is 0.63 ng/L in 

seawater and 5 and 1.25 μg/Kg for sediment and biota, respectively.  For the compounds 

detected with the screening method, a further thorough compound-specific validation was 

performed for quantitation purposes. Spiked samples, with the detected compounds and 

structure-related isotope labeled compounds (IS), were treated with the same method and 

analyzed. Compound-specific LOD and LOQ values and recoveries were extracted and all 

detected contaminants were quantitatively determined by the standard addition method with 

IS. 

In order to evaluate the risk of a compound at a polluted site, or to determine its overall 

priority in the context of other pollutants, quality targets, often referred to as Predicted No 

Effect Concentration (PNEC), are used. The PNECs used in this survey were derived based on 

acute or chronic toxicity data and are intended as a threshold value for the protection of the 

aquatic environment. In general, chronic data should be preferred over acute data. Moreover, 

experimental data are preferred for the derivation of PNEC values, but when experimental 

tests are lacking, prediction models are applied. Besides PNEC values derived by the NORMAN 

expert group, based on raw ecotox data, PNECs can also be collected from other sources, such 



Scientific Report – Joint Black Sea Surveys 2017 

 

431 

as the COMMPS or the INERIS prioritization studies for the revision of the list of Priority 

Substances under the WFD, risk assessment reports of active ingredients of pharmaceuticals, 

pesticides or biocides as well as from literature reviews.  

Hence, depending on the available data, different types of PNEC values are considered for the 

final PNEC in the following order: 

a. Existing EQS: Environmental Quality Standards already available at the national level in 

at least one country or at the European level or from existing risk assessment reports 

are generally preferred, 

b. PNEC chronic:  Predicted No-Effect Concentration derived from available experimental 

chronic data from standard endpoints. These PNECs are derived from the lowest NOEC 

value divided by a assesment factor of 10 up to 100, in line with the minimum 

requirements of the EC TGD-EQS Guidance (EU Commission, 2011), 

c. PNEC acute: Predicted No-Effect Concentration derived from acute experimental test 

data. These PNECs are derived using at least one short-term EC50 or LC50 from each of 

the three trophic levels, plus a assesment factor of 1000 applied to the lowest value, in 

line with the EC TGD-EQS Guidance (EU Commission, 2011) and 

d. P-PNEC: Provisional Predicted No-Effect Concentration derived from QSARs predictions. 

Where experimental data are missing, acute toxicity data are systematically predicted 

and the lowest reliable value is used together with an AF of 1000. 

In the risk assessment results, the experimental PNECs are provided (whenever available), 

along with the predicted values extracted from  ToxTrAMS [4]. For the detected compounds 

where EQS do not exist, results were estimated using only ToxTrAMS. ToxTrAMS is an in-house 

robust quantitative structure–toxicity relationships model that accurately estimates the acute 

toxicity in daphnia magna, pimephales promelas (fish) and pseudokirchneriella subcapitata 

(algae) with a wide and defined applicability domain. The tool apart from logP/logKow as 

common molecular descriptor of acute aquatic toxicity, uses also the charge density, Abraham 

solute-hydrogen bond basicity, number of Nitrogen and rotatable bonds as the main 

molecular descriptors.  The output of ToxTrAMS was the lethal concentration (pLC50/pEC50 

(for algae) in mol/L and LC50/EC50 in µg/L). ToxTrAMS has wide and defined applicability 

domain covering a dataset of experimental acute toxicity values (pLC50/pEC50) of 1353, 965 

and 537 compounds in daphnia magna, pimephales promelas and pseudokirchneriella 

subcapitata, respectively. Wherever great deviations between predicted and experimental 

PNEC values were recorded, three major parameters should be considered: a) the different 

assessment factor that was used (AF=1000 in p-PNECs, AF=10-100 for experimental PNECs), 

b) the fact that the compound could be out of the applicability domain of the prediction model 

and thus, further experimental proof is needed and c) the different species used for toxicity 

evaluation (e.g. Pseudokirchneriella subcapitata and Scenedesmus quadricauda are not 

exactly the same species but they are both algaes). 

According to the Technical Guidance Document of the European Commission (European 

Commission, 2003), the risk quotients (RQs) were calculated as the maximum Measured 

Environmental Concentration (MEC) of a contaminant, divided by the PNEC, which was 

calculated as the EC50 or LC50 value divided by a assesment factor of 1000 for the case of acute 
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toxicity data. RQs greater than 1 were considered indicative of an ecotoxicological risk for the 

aquatic environment [5].  For the compounds detected in concentrations <LOQ, only PNEC 

values are provided. 

The PNECs for the non-regulated pollutants detected in this survey through target analysis 

and non-target screening are presented in Tables V.3.10, V.3.16, V.3.20, VI.1.14 and VI.1.17, 

while the calculated RQs are included in the Appendix of the chapter VI.1. PNECs were 

provided for the compounds detected in concentration levels between LOD and LOQ, however 

RQ values were not calculated for these cases. In some cases the calculated PNECs were not 

reliable, as the tested compounds were outside of the applicability domain (AD) of the 

prediction model used. For these compounds further experimental proofs are required.  

The overall risk assessment results are provided in the Supplementary “Risk Assessment 

EMBLAS 2017” excel file. 

 

 Results and discussion 

The JOSS samples are not presented based on numerical alignment in the contribution graphs, 

but are lined-up from the Western to the Eastern part of Black Sea, in order to easily visualize 

the influence of the nearby coastal pollution sources.  

The provided statistical values, refer only to samples where a substance was detected (when 

concentration was between LOD and LOQ, it was subsituted by LOQ/2 for mean/median and 

SD calculations). The frequency of detection, considering all tested samples, is also provided 

for an overview of the results. 

CW7, CW5, CW8, JOSS1, 1A and 1B are reffered as Western BS (Black Sea) samples. The group 

of Open Sea samples includes JOSS2-8, while JOSS9-12, 1-3GE are reffered as Eastern BS 

samples. 

V.3.1.3.1. Seawater 

Heavy Metals (HM) and Arsenic 

Metals and arsenic concentrations in seawater samples collected during August/September 

2017, varied within the following ranges: <50-239 ng/L Cd, 49-331 ng/L Pb, 561-1632 ng/L Ni, 

1146-1911 ng/L As, <100-1220 ng/L Cr, 806-13558 ng/L Cu, 1803-39290 ng/L Zn and <50-589 

ng/L Hg (Table V.3.3). Zn, CU, As, Cr and Ni were the most dominant metals in terms of 

concentration, whereas Cd was most frequently reported <LOQ (50 ng/L) (32% of all analyzed 

samples). 
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Table V.3.3. Concentrations of Metals (ng/L) in seawater samples from Ukrainian, 

Romanian, Open Sea and Georgian area, August/September 2017. 

Elements Tested area 
Mean 
(ng/L) 

Median 

(ng/L) 

Min 
(ng/L) 

Max 
(ng/L) 

StdDv 

(ng/L) 

LOD/ LOQ 

(ng/L) 

% 
Frequency 

of detection 

Cadmium 

Western BS 90 59 <50 239 85 

15/ 50 

100 

Open Sea 50 55 <50 75 21 86 

Eastern BS 74 51 <50 232 75 100 

Lead 

Western BS 191 177 97 320 86 

6/ 20 

100 

Open Sea 167 174 114 208 39 100 

Eastern BS 154 141 49 331 91 100 

Nickel 

Western BS 1044 765 561 1590 485 

30/ 100 

100 

Open Sea 984 938 691 7632 309 100 

Eastern BS 920 964 642 1174 178 100 

Arsenic 

 

Western BS 1586 1623 1293 1911 285 

100/ 300 

100 

Open Sea 1474 1389 1146 1769 227 100 

Eastern BS 1508 1596 1196 1659 174 100 

Chromium 

Western BS 606 549 108 1077 372 

30/100 

100 

Open Sea 472 212 133 1220 475 86 

Eastern BS 314 399 <100 524 200 100 

Copper 

Western BS 1690 2030 828 2227 639 

100/ 300 

100 

Open Sea 1527 1515 848 2051 456 100 

Eastern BS 3357 1483 806 13558 4597 100 

Zinc 

Western BS 17235 14460 4910 39290 13466 

500/ 1500 

100 

Open Sea 4403 2754 2290 10457 2953 100 

Eastern BS 6349 6139 1803 13934 3821 100 

Mercury 

Western BS 239 162 62 589 221 

15/ 50 

100 

Open Sea 149 115 68 367 111 86 

Eastern BS 126 90 <50 377 127 100 

 

Although the contribution of the highly concentrated metals to the total metals’ content is 

crucial, the low concentrated metals cannot be overlooked, so a double-paneled chart was 

created to visualize the distribution of all metals (Fig. V.3.3). Elevated concentrations of total 

metals were determined in Eastern BS samples, exceeding 43 μg/L (CW7). 
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Fig. V.3.3. Metals (ng/L) in seawater samples  

from Ukrainian, Romanian, Open Sea and Georgian area, August/September 2017. 

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Even in the most polluted samples, the detected concentrations of Pb and Ni, were much 

lower than the EQS values (1300 and 8600 ng/L, respectively). Hg was detected above the 

MAC-EQS value of 70 ng/L, in 63% of the tested samples (CW7, CW8, JOSS1,2,3,4,6,7,12, 1-

3GE). Moreover, the detected Cd concentration in CW8 and 3GE (239 and 232 ng/L, 

respectively)  slightly exceeded the EQs value of 200 ng/L. 

Risk assessment of pollution of the Black Sea by organic pollutants  

The use of toxicity prediction models and the calculation of PNECs is not applicable for 

elements. 

Chloroalkanes 

Chloroalkanes, C10-13 and C14-17 were analyzed in five seawater samples extracted by 

XLVSPE. Although, short Chain Chloroalkanes, C10-13 concentrations were lower than LOD 

(0.3 ng/L, EQS: 400 ng/L) in every analyzed sample, medium Chain Chloroalkanes, C14-17 

presented a 100% of detection frequency. The results of analysis are reported as sum of 

Chloroalkanes, C14-17, and their concentrations are provided in Table V.3.4. 
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Table V.3.4. Concentrations of Chloroalkanes, C14-17 (ng/L) in seawater samples, 

extracted by XLVSPE, August/September 2017. 

Chloroalkanes 
Filter 1 
 (ng/L) 

Filter 2 
(ng/L) 

Filter 3 
(ng/L) 

Filter 4 
(ng/L) 

Filter 5 (ng/L) LOD/ LOQ 
(ng/L) 

C14-17 14.3 4.9 2.9 8.7 12.5 0.3/ 1.0 

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

The recommended EQS for Short Chain Chloroalkanes, C10-13 (400 ng/L) is three orders of 

magnitude higher than the method’s LOD. Since all tested samples are reported <LOD (0.3 

ng/L), no environmental risk exists from SCCPs. 

Risk assessment of pollution of the Black Sea by organic pollutants  

Chloroalkanes, C14-17 are reported as sum of compounds. The extraction of toxicity 

assessment parameters is a structure-based process and thus cannot be implemented to a 

group of compounds. 

Phthalates 

The extracts of Mariani box were analyzed by LC-HR-MS/MS and the chromatograms were 

screened for the probable detection of phthalates, including seven specific compounds. 

Phthalate-di-n-butyl and phthalate-benzyl butyl weredetected only in 5 samples (CW 7,5,8,1A 

and 2GE), mainly Western BS, at <LOQ concentration levels (182 and 25 ng/L, respectively). 

Di(2-ethylhexyl)phthalate (DEHP) was determined with a high detection frequency of 75%, but 

only two samples, CW7 and CW5, were above LOQ (367 ng/L). Phthalate-diethyl was detected 

<LOQ (139 ng/L) in CW8,1A, 2GE and 3GE and at 414 and 525  ng/L in CW 7 and CW 5, 

respectively. The Ukrainian samples CW7 and CW 5, were the most polluted samples reaching 

up to a total phthalates contamination of 662 and 788 ng/L, respectively (Fig. V.3.4). All tested 

phthalates were <LOD in JOSS1,3,4,5 and 7, while di-n-octyl phthalate, phthalate-dimethyl and 

diphenyl phthalate  were always <0.63 ng/L. 
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Fig. V.3.4. Phthalates (ng/L) in seawater samples from Ukrainian, Romanian, Open Sea and 

Georgian area, August/September 2017. 
 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

DEHP, the only phthalate included in 2013/39/EU Directive, was <LOD in 25% of the analyzed 

samples, while in the 65% of the samples, it was detected at concentrations <LOQ (367 ng/L), 

which 3.5 times lower than the recommended EQS value (1300 ng/L). Even the maximum 

detected concentration of DEHP (525 ng/L), is much lower than the EQS value. 

Risk assessment of pollution of the Black Sea by organic pollutants  

The calculated PNEC values were high and ranged between 0.38 μg/L for phthalate-Di-n-butyl 

in Pimephales promelas to 41.3 μg/L for phthalate-diethyl in daphnia (Table V.3.5). As a result, 

the calculated RQ values were lower than one, indicating no risk for the tested aquatic 

organisms (Appendix of Chapter VI.1, Table A). 

Table V.3.5: Calculated PNECs for the phthalate compounds detected in seawater. 

 PNECs (ng/L) 

 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Phthalate-Benzyl butyl  1,459 1,739 1,330 

Phthalate-Diethyl  41,279 16,095 28,641 

Phthalate-Di-n-butyl  2,815 & 10,000a 385 1,834 
aExperimental JG-MKN PNEC in Daphnia magna, AF=10, (RIVM (2018)) 

Phenols 

Eleven phenols were determined in the samples by LC-HR-MS/MS analysis. The results show 

that the most ubiquitous phenol, was 2,4-Dinitrophenol (DNP), reaching a 95% frequency of 

detection, at concentrations ranging from <3.8 to 35 ng/L (Table V.3.6). Although octylphenol 

presented also a high frequency of detection (60%), its concentrations were always <LOQ (30 
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ng/L). BPA was detected at <LOQ levels (56 ng/L) in JOSS7 and JOSS11 samples and at 133 and 

747 ng/L in 1C and JOSS2 samples, respectively. BPA was also detected in all coastal Georgian 

samples: 972, 207 and 212 ng/L in 1GE, 1GE and 3GE, respectively. 4-n-Nonylphenol and 

pentachlorophenol were <60 and <0.84 ng/L in all tested samples, respectively. 2,4,6-Tri-tert-

butylphenol, 4-n-Nonylphenol mono-ethoxylate (NPE1EO), 4-n-Nonylphenol di-ethoxylate 

(NPE2EO), 4-n-Octylphenol-mono-ethoxylate, 4-n-Octylphenol-di-ethoxylate and 

Tetrabromobisphenol A (TBBP-A) were screened but not detected with a SDL equal to 0.63 

ng/L. 

Table V.3.6. Concentrations of DNP (ng/L) in seawater samples from Ukrainian, Romanian, 

Open Sea and Georgian area, August/September 2017. 

Phenols Tested area 
Mean 
(ng/L) 

Median 
(ng/L) 

Min 
(ng/L) 

Max 
(ng/L) 

StdDv 
(ng/L) 

LOD/ LOQ 
(ng/L) 

% Frequency 
of detection 

DNP 

Western BS 8.0 7.3 <3.8 19 6.6 

1.3/3.8 

100 

Open Sea 7.6 5.7 4.5 14 3.8 86 

Eastern BS 8.3 4.8 <3.8 35 12 100 

 

 

Fig. V.3.5. Phenols (ng/L) in seawater samples from Ukrainian, Romanian, Open Sea and 

Georgian area, August/September 2017. 

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Pentachlorophenol and nonylphenol with an EQS of 400 and 300 ng/L, respectively, were 

always <0.84 and <180 ng/L, respectively. On the contrary, octylphenol has a 60% frequency 

of detection at concentration levels above LOD, and lower than LOQ (30 ng/L) , which is 3 

times higher compared to the respective EQS (10 ng/L). Therefore, we cannot draw definite 

conclusions since the achieved LOQ is not below 30% of the relevant EQS. 
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Risk assessment of pollution of the Black Sea by organic pollutants  

For the detected phenols, 2,4-dinitrophenol and bisphenol A, PNEC values were calculated 

(Table V.3.7). PNECs ranged from 1.3 μg/L to 14.8 μg/L for 2,4-dinitrophenol in algae and 

daphnia, respectively. The RQ values of BPA were quite elevated, 0.48 and 0.36 concerning 

for, Pimephales promelas and algae, respectively (Appendix of Chapter VI.1, Table A), based 

on the maximum environmental concentration (MEC). Due to the higher RQs of BPA, 

compared to the rest detected pollutants, a need for further investigation and systematic 

monitoring of this pollutant is suggested. In addition, EQS may be established in future 

legislation measures. 

Table V.3.7: Calculated PNECs for the phenol compounds detected in seawater. 

 PNECs (ng/L) 

 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

2,4-Dinitrophenol (DNP) 14,839 5,365  &  4,000a 1,272 

Bisphenol A (BPA) 11,401 2,003 2,680 
aExperimental PNEC aqua (freshwater) in Pimephales promelas, AF=50 (ECHA DOSSIER (03/2018)) 

 

Emerging contaminants 

The chromatograms obtained by the LC-HR-MS/MS analysis were screened with an in-house 

database, comprised of 2041 ECs. The number of detected compounds and the total 

concentration of ECs per seawater sample, are presented in Table V.3.8. 

The results show that the higher values were detected in coastal and shelf seawater samples 

of Ukraine, Romania and Georgia, reaching even 25 times (CW5 Vs JOSS10) higher total ECs 

concentrations than those detected in Open Sea samples. The high ECs content compared to 

priority substances indicates the need for routine monitoring of these compounds. 

Table V.3.8. No. of detected ECs and their total detected concentration. 

Seawater Sample No. of detected ECs Total ECs (ng/L) 

CW7 47 3,105 

CW5 41 3,212 

CW8 41 2,028 

JOSS1 26 285 

1A 74 1,848 

1C 60 1,407 

JOSS2  23 477 

JOSS3 26 568 

JOSS4 20 180 

JOSS5 12 216 

JOSS6 20 235 

JOSS7 14 319 

JOSS8 14 136 

JOSS9 9.0 176 

JOSS10 13 129 

JOSS11 12 147 

JOSS12 16 181 

1GE 47 1,676 

2GE 40 1,197 

3GE 45 1,316 
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The distribution of each class of ECs in the total pollution of the three tested areas, is depicted 

in Fig. V.3.6. The samples 1A and 1B were separated from the rest Ukrainian samples and are 

presented as Danube Delta samples. All tested areas are dominated by the presence of 

naturally occurring compounds (mainly adenine, adenosine and  2-phenethylamine), while the 

inputs of industrial chemicals and pharmaceuticals, is also significant, especially in Danube 

Delta. Drugs of abuse, stimulants and sweeteners were <LOD inall tested Open Sea samples.  

 

Figure V.3.6. The distribution of the detected classes of ECPs in seawater samples from 
Ukrainian, Romanian, Open Sea and Georgian area, August/September 2017. 

 

In order to visualize the pollution in each tested seawater sample and to zoom in the 

distribution of less concentrated classes of ECs, a double-paneled graph was created (Fig. 

V.3.7). 
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Fig. V.3.7. Emerging Contaminants (ng/L) in seawater samples from Ukrainian, Romania,  

Open Sea and Georgian area, August/September 2017. 
 

Naturally occurring compounds 

Five naturally occurring compounds (adenine, adenosine 2-phenethylamine, tyramine and 

hordenine) were detected in the tested samples. The most predominant ones (100% detection 

frequency) were adenosine and adenine with concentrations ranging from 36 to 1968 ng/L 

and from 35 to 869 ng/L. 2-phenethylamine was detected in almost all tested samples, 

presenting a specific trend of up to 81 times higher detection in coastal and shelf samplitng 

sites. Tyramine was <LOD (15 ng/L) in almost all JOSS samples, but reached up to 346 ng/L in 

Ukrainian samples (CW8). 

Drugs of abuse 

Cathine and amphetamine-p-hydroxy represent this class of emerging contaminants. Cathine 

was detected in three Western BS samples and 1GE, reaching a maximum concentration of 29 

ng/L in 1A, while amphetamine-p-hydroxy was detected at <LOQ levels (0.66 ng/L) in 1C 

sample. 

Psychotropic licit drugs 

1A and CW7 samples, withdrawn from Danube estuaries and Odessa Bay, respectively, were 

the most contaminated samples due to psychotropic licit drugs. Sulpiride and tiapride, were 

detected with total concentrations up to 7.7 (1A) and 5.6 ng/L (CW7). 
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Stimulants 

The stimulants caffeine and nicotine, were detected at high frequency in the coastal samples, 

while anabasine and etilefrine were locally detected in Weastern and Eastern BS samples, 

respectively. The total stimulants concentration ranged from 7.6 (CW5) to 175 (1GE) ng/L. 

Overall, among the four detected stimulants, caffeine was the most abundant, with a 

maximum of concentration at 141ng/L at 1GE. 

Industrial chemicals 

Ten industrial chemicals were detected in total (benzothiazole- 2-amino, 1-H-benzotriazole, 

didecyldimethylammonium, melamine, toluenesulfonamide, tolytriazole, N,N-dimethylanilin, 

phosphate-triethyl, 2-aminobenzimidazole and benzenesulfonamide). The majority of the 

compounds detected belong to the classes of benzotriazoles and benzothiazoles, whereas 

toluenesulfonamide, 1-H-benzotriazole and N,N-dimethylaniline, presented the highest 

frequency of detection. The presence of industrial chemicals is significant in 1A and 1C, close 

to Danube estuaries, with a total concentration up to 446 and 277 ng/L, respectively. Its 

suprizing that he sum of industrial chemicals in 2 samples of Danube Delta (1A and 1C) is 5.0 

times higher that the one extracted as a sum of 7 Open Sea samples (JOSS2-8), 723 Vs 155 

ng/L. 

Sweeteners 

The Western BS samples presented the highest frequency of detection. Saccharine and 

sucralose were detected with a total concentration of 47 ng/L in Odessa Bay samples (CW7, 

5, 8 and JOSS1), whereas 18 ng/L were detected in Danube Delta samples (1A and 1B). 

Saccharine was the most predominant sweetener, reaching up to a maximum concentration 

of 20 ng/L in CW5. JOSS samples 2-12 were <LOD concerning saccharine and sucralose (0.96 

and 0.18 ng/L, respectively). 

Pesticides 

A number of 17 pesticides (Table V.3.10) were detected in the analyzed seawater samples. 

Propazine and Carboxin were detected in every sample with a median concentration of 3.4 

and 4.0 ng/L, respectively, while prometryn presented a 90% frequency of detection with a 

median concentration <0.55. The most polluted samples were 1A and CW5, with a total 

pesticides concentrations at 44 and 38 ng/L, respectively. The majority of the detected 

pesticides were detected in Ukrainian samples. Twelve and ten pesticides were detected in 

1A and CW5 samples, respectively. 

Pesticides TPs 

Eleven pesticides TPs (Table V.3.10) were detected in total. The majority of these TPs are 

mainly transformation products of atrazine (atrazine-desethyl, atrazine-desethyl-2-hydroxy, 

atrazine-desisopropyl and atrazine-2-hydroxy), mainly detected in Ukrainian and Danube 

estuary samples. Terbuthylazine-desethyl was detected in 80% of the tested Ukrainian 

samples, whereas terbuthylazine presented a 40% of detection frequency in the same 

samples. Moreover, metolachlor presented a high detection frequency, especially in the 

Ukrainian samples (80%), and in parallel, one of its TP, metolachlor-ESA, was the pesticide TP 

with the highest detected concentration (78 ng/L in 1A). CW7 and 1A are the most polluted 
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samples, with a total pesticides concentration up to 99 and 92 ng/L, while eight out of twelve 

pesticides TPs were detected in 1A sample. 

Pharmaceuticals 

Phramceuticals was the most frequently detected class of emerging contaminants, sicne 49 

compounds in total (Table V.3.10)  were detected in the tested samples. The highest 

measured concentration of total pharmaceuticals were noticed in the Western BS samples, 

and especially in CW7 and 1A samples (261 and 228 ng/L, respectively). Carbamazepine was 

the pharmaceutical with the highest frequency of detection (85%) and a median concentration 

<5.8 ng/L. 1A and 1B were the samples where the highest number of pharmaceuticals were 

detected, 23 and 15 in total, respectively. The total pharmaceutical concentrations in the 

samples were 477,  299,  79 and 322 ng/L in Ukrainian, Danube Delta, Open Sea and Eastern 

BS samples, respectively. 

Transformation products of pharmaceuticals and related compounds 

Fourteen TPs (Table V.3.10) were detected in total. Cotinine and antipyrine-4-formylamino 

presented the highest frequency of detection (45%), whereas antipyrine-4-acetamido was 

detected in the highest concentration (48 ng/L in 1A). 1A samples was by far the most 

contaminated, where all the detected TPs were detected,  reaching up to 105 ng/L of total 

drugs TPs. The detected pairs of TPs along with their parent compounds were the following: 

Sulpiride and Sulpiride-O-Desmethyl, Morphine and Morphine-Ethyl, Carbamazepine and 

Carbamazepine -10-Hydroxy / Carbamazepine-10.11-epoxide, Tramadol and Tramadol-O-

Desmethylnor/ Tramadol-N-oxide, Nicotine and Cotinine/Cotinine-Hydroxy and Venlafaxine 

and Venlafaxine-D L-N O-Didesmethyl. 

The specific detected ECs are listed in the “Risk assessment” section below (Table V.3.10). 

Since 1A and 1B seawater samples were within the most polluted samples, the source of their 

contamination was further investigated. These samples were sampled close to Danube 

estuary, which may be the main source of this contamination. So, the findings of this analysis 

were compared to the results provided by the 3rd Joint Danube Survey (JDS3; 2013) [6]. Among 

the compounds detected withing EMBLAS-II project (NPMS/JOSS GE-UA; August/September 

2017), 36 compounds have been previously detected in river water samples from the Danube 

delta, indicating that its contribution to the Black Sea coastal and shelf areas is significant and 

cannot be overlooked. It is possible that additional emerging contaminats detected in UA 

seawater samples have their origin in Danube river, but they were not screened during the 

JDS3. The list of the commonly detected compounds in Danube Delta seawater samples of 

2017 EMBLAS-II survey and in the Danube water samples of 2013 JDS3 survey is presented in 

Table V.3.9. 
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Table V.3.9. Commonly detected emerging contaminants in the Ukrainian seawater 
samples and in Danube river water samples. 

Class of ECs Commonly detected compounds 

Industrial Chemicals 

1H-Benzotriazole 

2,4-Dinitrophenol (DNP) 

Di(2-ethylhexyl)phthalate (DEHP) 

Toluenesulfonamide 

Tolytriazole 

Pesticides 

Azoxystrobin 

Bentazone 

Carbendazim 

Chloridazon 

DEET (Diethyltoluamide) 

Metolachlor 

Prometryn 

Propazine 

Terbutylazine 

Pesticides TPs 

Atrazine-2-hydroxy 

Atrazine-desethyl 

Metolachlor ESA 

Pharmaceuticals 

Carbamazepine 

Gabapentin 

Lamotrigine 

Lidocaine 

Metformin 

Metoprolol 

Sotalol 

Telmisartan 

Tramadol 

Venlafaxine 

Zolpidem 

TPs of Pharmaceuticals & 
related compounds 

Antipyrine- 4-Acetamido 

Antipyrine- 4-Formylamino 

Carbamazepine-10,11-epoxide 

Cotinine 

Psychotropic ilicit drugs Sulpirid 

Stimulants 
Caffeine 

Nicotine 

Sweeteners Sucralose 

 

Risk assessment of pollution of the Black Sea by organic pollutants  

Very low PNECs were estimated for telmisartan, terbuthylazine, lamotrigine, triamterene, 

propazine and valsartan (Table V.3.10). Telmisartan and valsartan as well as melamine 

provided RQs higher than one in algae. For all the aforementioned compounds, further 

experimental proofs are needed for a reliable risk assessment, since these compounds are out 

of the applicability domain of the used prediction model. Thus, the estimated risk should be 

taken with caution and should be supported by experimental evidence. The RQs of the 

detected ECs, are listed in detail in Table A, Appendix of Chapter VI.1. The RQ for 

carbamazepine, based on the experimental PNEC (50 ng/L PNEC in daphnia magna, Source: 

Aquire 152195) is slightly higher than 1. 
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Table V.3.10. Calculatd PNECs of the detected contaminants detected in seawater samples 

from Ukrainian, Open Sea and Georgian area, August/September 2017. 

 PNECs (ng/L) 

 Daphnia 
magna(48h) 

Pimephales 
promelas (96h) 

Algae (72h) 

2-Methyl-4-amino-6-methoxy-s-triazine 282,691 3,802,209 12,399 & 10,000a 

Acetohexamide 16,304 14,705 4,915 

Amantadine 11,348 88,229 &  25,000b 18,526 

2-aminobenzimidazole 27,356 98,515 2,315 

Amphetamine-P-hydroxy 49,374 199,172 46,161 

AMT (Alpha-Methyltryptamine) 28,133 31,790 3,349 

Anabasine 61,887 144,994 45,829 

Antipyrine- 4-Acetamido 46,927 18,668 13,388 

Antipyrine- 4-Formylamino 56,034 & 1.0×106 c 17,588 26,527 

Apophedrin  (Phenylethanolamine) 349,826 347,935 54,438 

Atrazine-2-hydroxy 63,062 39,140 6,360 & 10,000d 

Atrazine-desethyl 44,367 & 600e 40,308 256 

Atrazine-desethyl-2-hydroxy  312,552 77,233 9,919 

Atrazine-desisopropyl 55,423 167,141 389 

Atropine 23,716 10,112 10,874 

Azacyclonol 16,030 54,715 762 

Azoxystrobin 1,431 403 114 

Bamifylline 152,143 25,595 43.2 

Bentazone 30,105 53,986 6,098 

Benzenesulfonamide 103,456 389,679 81,923 

Benzothiazole- 2-Amino 21,490 102,162 1,248 

Benzotriazole (BTR) 109,916 39,066 8,460 

Bunitrolol 85,400 106,826 4,489 

Caffeine 242,892 & 1,200f 177,599 13,759 

Carazolol 33,711 1,206 265 

Carbamazepine 26,585 & 50g 21,669 2,276 

Carbamazepine-10-Hydroxy 29,845 17,378 4,031 

Carbamazepine-10.11-epoxide 58,530 2,601 2,689 

Carbendazim 4,351 8,666 2,380 

Carbofuran-3-hydroxy 28,291 16,375 27,539 

Carboxin 14,601 4,387 6,572 

Carbuterol 203,563 105,093 10,689 

Cathine 118,730 114,806 46,064 

Chloridazone 33,961 8,153 6,545 

Chloridazone-methyl-desphenyl 99,936 116,456 58,381 

Cilastatin 264,841 108,949 13,330 

Cimetidine 74,094 3,308 839* 

Cotinine 147,589 221,277 28,045 & 10,000h 

Cotinine-Hydroxy 304,282 178,231 20,584 

Cycluron 11,405 45,366 9,393 

DEET (Diethyltoluamide) 54,945 54,264 20,044 

Diaveridine 170,158 146,263 358 

Dichlorobenzamide 96,269 72,954 17,493 

Didecyldimethylammonium (DADMAC (C10:C10)) 2,625,454* 301* 583* 

Dimethachlor-ESA 212,794 582,127 19,775 & 50i 

Dimethylanilin (N.N-) 10,874 73,669 21,227 
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 PNECs (ng/L) 

 Daphnia 
magna(48h) 

Pimephales 
promelas (96h) 

Algae (72h) 

Dinoterb 1,258 574 733 

Ephedrine 69,914 58,875 38,447 

Etilefrine 234,862 243,995 38,906 

Fedrilate 23,188 28,580 11,193 

Fenfuram 4,557 2,187 5,267 

Gabapentin 118,370 234,595 238,523 

Granisetron 9,416 7,786 486 

Guaifenesin 167,518 165,662 83,683 

Ibuprofen-Carboxy 191,990 5,347 33,699 

Imidazolidinon- 1-3-Dimethyl-2- 117,157 1,472,515 42,348 

Isoxaben 5,204 209 393 & 110j 

Ketoprofen 59,451 2,106 6,579 

Lamotrigine 10,293 3,092 28 & 10,000k 

Levetiracetam 82,078 385,467 37,986 

Lidocaine 65,705 31,955 4,672 

MDAI 30,574 49,424 29,289 

Melamine 800,859 18,525,200 183* 

Melperone 1,930 7,488 3,164 

Meptazinol 11,993 11,407 2,983 

Metformin 49,188 27,509 14,728* 

Metolachlor 14,740 7,327 1,798 & 200l 

Metolachlor-ESA 88,778 87,304 8,626 

Metoprolol 53,153 280,659 8,027 

Metribuzin-Desamino (DA) 48,623 34,983 32,099 

Morphine (MOR) 137,971 69,609* 5,381 

Morphine-Ethyl 45,307 & 100,000m 11,581* 5,067 

Nicotine 20,785 189,019 & 5,450n 37,132 

Oxycodone-Nor 238,208 & 57,100o 113,862* 7,962 

Oxymorphone 254,840 411,922* 4,585 

Paclobutrazole 8,448 2,634 643 

Penciclovir 434,896 164,579 2,146 

Phosphate-triethyl 365 246,833 910,133 

Picaridin (Icaridin) 37,483 83,682 & 5×106 p  18,153 

Pindolol 26,263 7,278 1,213 

Prolinamide 47,560 735,652 60,085 

Prometryn 8,667 14,979 8.46* 

Propamocarb 84,147 90,017 31,893 

Propazine 8,715 14,408 39.6* & 180q 

Rivastigmine 47,806 15,990 3,989 

Saccharine 156,405 212,761 35,856 

Salicylamide 352,901 95,573 39,115 

Salicylic acid 53,428 & 18,000r 135,274 37,900 

Sotalol 51,000 330,276 6,518 

Sucralose 550,664 1,592,668* 29,694* 

Sulpiride 79,633 109,088 4,087 

Sulpiride-O-Desmethyl 310,150 90,797 3,931 

Sulthiame 173,320 265,851 18,019 

Telmisartan 97,950* 43* 0.55* 

Terbuthylazine 14,232 14,817 22.1* 
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 PNECs (ng/L) 

 Daphnia 
magna(48h) 

Pimephales 
promelas (96h) 

Algae (72h) 

Terbuthylazine-desethyl 44,392 10,913 107 

Thiacloprid-amide 14,058 81,763 2,477 

Tiapride 10,987 55,048 5,081 

Toluenesulfonamide 79,673 466,913 75,687 

Tolytriazole 36,349 60,137 5,851 & 150,000s 

Tramadol 33,078 97,892 8,654 

Tramadol-N-oxide 59,436 838,838 75,615 

Tramadol-O-Desmethylnor 39,720 76,787 10,123 

Trapidil 36,622 66,529 553* 

Triamterene 456,644 22,492* 10* 

Valsartan 36,853 58 5.08* 

Venlafaxine 21,358 31,874 7,472 

Venlafaxine-D L-N O-Didesmethyl 11,852 33,613 11,394 

Verapamil 1,163 421 & 2,531t 48 

Vildagliptin 318,999 117,408 9,752 

Zidovudine 632,314 247,130 5,089 

Zolpidem 3,449 756 178 
*Experimental proof is needed 
aExperimental PNEC acute in Lemna gibba, AF=1000 (Footprint (2018)) 
bExperimental P-PNEC in Pimephales promela,  AF=1000 (Aquire 12858) 
c JD-UQN proposal PNEC in Daphnia magna, AF=10  (UBA (2014) Draft EQS dossier) 
d Experimental PNEC acute in Scenedesmus quadricauda, AF=1000 (Footprint (2018)) 

eExperimental PNEC chronic in Hyalella azteca, AF= 50 (CIRCA (2008) data sheet, Dir. 2008/105/EC) 
fJD-UQN proposal PNEC in Daphnia magna, AF=100 (UBA (2017) Draft EQS dossier) 
gExperimental PNEC chronic in Daphnia magna, AF=10 (Aquire 152195) 
hExperimental PNEC chronic in Lemna gibba, AF=100 (Aquire 73383) 
iJD-UQN proposal PNEC in Lemna gibba, AF=50 (UBA (2010) Draft EQS dossier) 
jExperimental PNEC chronic in Lemna gibba, AF=100 (Footprint (2018)) 
k Experimental PNEC chronic in Desmodesmus subspicatus, AF=50  (etox 108794) 
l JD-UQN PNEC in Scenedesmus subspicatus, AF=10 (UBA (2016) Oberflächengewässer VO) 
m Experimental PNEC acute in Daphnia magna, AF=1000 (ECHA DOSSIER (03/2018)) 
n Experimental PNEC acute in Lepomis macrochirus, AF=1000 (Aquire 344) 
o Experimental PNEC acute in Daphnia magna, AF=1000 (ECHA DOSSIER (03/2018)) 
p Experimental PNEC chronic in Oncorhynchus mykiss, AF=10  (Footprint (2018)) 
q Experimental PNEC acute in Cyanobacteria, AF=1000 (Footprint (2018)) 
r Experimental PNEC chronic in Daphnia longispina, AF=100 (Aquire 111312) 
s JD-UQN proposal PNEC in Desmodesmus subspicatus, AF=50 (UBA (2014) Draft EQS dossier) 
t Experimental PNEC chronic in Oncorhynchus mykiss, AF=100 (Aquire 167711) 

 

 Overall pollution 

In order to gather the data obtained through different analysis and to combine all the pollution 

data from this survey, a cumulative chart was prepared (Fig. V.3.8). Not only the priority 

regulated pollutants, but also the detected emerging contaminants were taken into 

consideration. Since the concentration levels of the different classes of pollutants are 

distributed in a wide range, the distribution of some low concentrated classes would have 

been overlooked and underestimated if the total concentration of detected pollutants was 

the point of pollution comparison. For overcoming this, a normalization was performed. The 

total concentrations per class of pollutants were calculated in every sample and the maximum 

value was considered as 100%. The other samples were normalized according to this 
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maximum value within the class. So, if a sample was the most polluted one in all the reported 

classes of pollutants (13 in total), its normalized pollution would be 1300 (maximum sum of 

normalized pollution per class of pollutants). Moreover, the total number of detected 

pollutants per sample, is presented in the upper cluster of the graph, as a pollution marker. 

The maximum values per class of pollutants, used for normalization are listed in Table V.3.11. 

It should be noted that metals were not measured in 1A, thus the upper maximum normalized 

pollution for this sample is 1200. 

 
Fig. V.3.8. Normalized pollution cumulative chart for seawater samples from Ukrainian, 

Romanian Open Sea and Georgian area, August/September 2017. 
 

The Ukrainian/Romanian samples were by far the most polluted ones, and especially 1A 

sampled from Danube Delta, keeping in mind also, that metals were not measured in this 

sample. The samples of Odessa Bay (CW7, 5 and 8) presented also a high pollution, while the 

seawater samples close to Batumi (1-3GE) presented also a high level of pollution and an 
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elevated number of total detected compounds.. The maximum number of pollutants (80 in 

total) and the maximum sum of normalized pollution (881) were noticed in 1A sample. Both 

the number of detected compounds and the % pollution seem to gradually decrease from the 

coastal and shelf areas to the Open Sea. The less polluted samples considering the total 

number of detected pollutants and the total normalized pollution were JOSS9 (19 compounds) 

and JOSS 5 (42), respectively. 

Table V.3.11. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total concentration 

(ng/L) 
Sample with maximum 

concentration 

Metals 43604 CW7 

Phthalates 788 CW5 

Phenols 1007 1GE 

Pesticides 44 1A 

Pesticides TPs 99 CW7 

Pharmaceuticals 261 CW7 

Drugs of abuse 29 1A 

Drugs TPs 105 1A 

Industrial chemicals 446 1A 

Naturally occuring compounds 2858 CW5 

Psychotropic drugs 8 1A 

Stimulants 175 1GE 

Sweeteners 20 CW5 

V.3.1.3.2. Sediments 

Many pollutants, including a large number of hazardous compounds, are hydrophobic and 

their environmental behavior varies markedly between sorbed and dissolved states. 

Sediments are known to effectively sequester hydrophobic chemical pollutants entering water 

bodies such as estuaries. Worldwide, high concentrations of trace metals and organic 

pollutants such as organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs) and 

polycyclic aromatic hydrocarbons (PAHs) have been found frequently in sediments near 

industrialised and urbanised harbours and lakes. Apart from being a sink for pollutants, 

sediments are also a potential source of pollution toxicity to aquatic organisms. It is thus 

necessary to account for sorption reactions in analysis and prediction of the environmental 

transport and fate of such pollutants. Thus, five sediment samples were collected for 

monitoring the degree of contamination in sediments of the Black Sea. The name of each 

sample corresponds to the coordinates where the respective seawater samples were taken 

(1B sediment sample is related to 1C seawater sample) and the results of analysis per class of 

pollutants are presented below. 

Organochlorine pesticides (OCPs) 

Eight OCPs in total were detected in the sediment samples of the tested areas (Fig. V.3.9). The 

total OCPs concentrations varied from 0.34 (JOSS 8) to 27 μg/Kg (1B). 1A and 1B samples 

withdrawn from Dnaube Delta were the most polluted samples, mainly attributed to high 

concentrations of DDD and para-para-DDT. DDE was the OCP with the highest frequency of 

detection (100%), while DDD was detected in the highest level of 13 μg/Kg at 1B sample. A 
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total concentration of 8.7 μg/Kg of OCPs was detected in both JOSS 1 and 4 samples. The 

minimum and maximum concentration of the eight detected OCPs are presented in Table 

V.3.12, while the LODs and LOQs of all the screened OCPs are presented in Table V.3.13. 

Table V.3.12. Minimum and maximum concentrations of detected OCPs. 

OCPs Minimum concentration (μg/Kg) Maximum concentration (μg/Kg) 

para-para-DDT <0.47 4.8 

DDE <0.24 11 

DDD 2.0 12 

α-HCH 0.36 0.86 

β-HCH <0.26 1.1 

γ-HCH <0.46 0.47 

δ-HCH <0.44 <0.44 

Hexachlorobenzene <0.43 0.46 

 

 
Fig. V.3.9. OCPs (μg/Kg) ) in sediments from 

Odessa Bay, Danube Delta and Open Sea areas, August/September 2017. 

 

Table V.3.13. LODs and LOQs of the screened OCPs in sediments. 

OCPs LOD/ LOQ (μg/Kg) 

Aldrin 0.10/ 0.30 

Dieldrin 0.21/ 0.62 

Endrin 0.14/ 0.41 

Isodrin 0.26/ 0.78 

Dichlorvos 0.43/ 1.3 

para-para-DDT 0.16/ 0.47 

o-p-DDT 0.23/ 0.68 

DDE 0.08/ 0.24 

DDD 0.09/ 0.27 

α-HCH 0.11/ 0.34 

β-HCH  0.09/ 0.26 

γ-HCH 0.15/ 0.46 

δ-HCH 0.15/ 0.44 

Hexachlorobenzene 0.15/ 0.43 
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Phthalates 

Among the seven screened phthalates, only phthalate-diethyl was detected in three samples. 

In particular, 72 μg/Kg of Phthalate-Diethyl were detectd in JOSS1 sample, while JOSS 4 and 8 

samples were <LOQ (58 μg/Kg). The SDL for phthalate-dimethyl, phthalate-di-n-octyl and 

phthalate-diphenyl was at 5 μg/Kg, whereas the LODs for di(2-ethylhexyl)phthalate (DEHP), 

phthalate-di-n-butyl and phthalate-benzyl butyl were at 64, 51 and 31 μg/Kg, respectively. The 

PNECs for phthalate-diethyl are presented in Table V.3.10 . 

Phenols  

Octylphenol and 4-n-Nonylphenol di-ethoxylate (NPE2EO) were detected at <LOQ (1394 and 

67 μg/Kg, respectively) levels, at JOSS 1, 1A and 1B samples. 

The SDL of the non-detected phenols (4-n-Nonylphenol (NP), Pentachlorophenol, 2,4,6-Tri-

tert-butylphenol, Bisphenol A (BPA), 4-n-Nonylphenol mono-ethoxylate (NPE1EO), 4-n-

Octylphenol-mono-ethoxylate, 4-n-Octylphenol-di-ethoxylate, 2,4-Dinitrophenol (DNP) and 

Tetrabromobisphenol A (TBBP-A)) is 5 μg/Kg. 

Risk assessment of pollution of the Black Sea by organic pollutants 

For the detected phenol, 4-n-Nonylphenol di-ethoxylate (NPE2EO), PNEC values were 

calculated (Table V.3.14). PNECs ranged from 0.2 μg/L to 0.8 μg/L. 

Table V.3.14: Calculated PNECs for the phenol compounds detected in sediment. 

 PNECs (ng/L) 

 
Daphnia 

magna(48h) 
Pimephales promelas 

(96h) 
Algae (72h) 

4-n-Nonylphenol di-ethoxylate (NPE2EO) 211 828 656 

Emerging Contaminants 

Several ECs were also detected in sediment samples. The number of detected compounds and 

the total concentration of ECs’ are listed in Table V.3.15. The number of detected ECs was 

significantly higher in the sediment sampled close to Odessa Bay (JOSS 1) and the samples of 

Danube Delta (1A and 1B), compared to Open Sea samples (JOSS 4 and 8). Moreover, the 

results show that the higher concentrations were found in the Ukrainian sample JOSS 1, 

reaching a maximum of 5.0 mg/Kg. Considering the high ECs content in sediment samples 

compared to other priority substances, monitoring of these compounds seems essential. 

Table V.3.15. No. of detected ECs and their total detected concentrations. 

Sediment Sample No. of detected ECs Total ECs (μg/Kg) 

JOSS 1 26 4958 

JOSS 4 7 2983 

JOSS 8 5 1826 

1A 20 3221 

1B 19 1771 

The distribution of each class of ECs in the total pollution of the samples of Odessa Bay (JOSS 

1), Danube Delta (1A and 1B) and Open Sea (JOSS 4 and 8) sediment samples, is depicted in 

Fig. V.3.10. All tested sediment samples are dominated by the presence of naturally occurring 
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compounds and steroids (2-Phenethylamine, Tyramine, Adeninne and 5-Androstan-3-17-diol-

3-glucosiduronate), while the inputs of pharmaceuticals and drugs TPs play also an important 

role. Industrial chemicals were <SDL in Open Sea samples, while a 0.02% is attributed to this 

class of compounds in the samples of the rest areas. 

 

Figure V.3.10. The distribution of the detected classes of ECPs in sediments from Odessa 

Bay, Danube Delta and Open Sea areas, August/September 2017. 

In order to visualize the pollution in each tested sediment sample and to zoom in, in the 

distribution of less concentrated classes of ECs, a double-paneled graph was created (Fig. 

V.3.11). 

 

Figure V.3.11 Emerging Contaminants (μg/Kg) in sediments from Odessa Bay, Danube 

Delta and Open Sea areas, August/September 2017. 
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Naturally occurring compounds & Steroids 

Naturally occurring compounds & steroids (2-phenethylamine, tyramine, adeninne and 5-

androstan-3-17-diol-3-glucosiduronate) were mainly detected in JOSS 1 sample with a total 

maximum concentration of 4546 μg/Kg. Adenine and tyramine were the most frequently 

detected compound of this class, with 100 and 80% frequency of detection in the tested 

samples. 5-androstan-3-17-diol-3-glucosiduronate was detected at <LOQ levels (128 μg/Kg) in 

JOSS 1 sample. 

Industrial chemicals 

Inductrial chemicals were detected only in JOSS 1 and 1A samples. Benzotriazole and 2-

aminobenzimidazole were detected at <LOQ levels (0.8 and 1.3 μg/Kg, respectively) in both 

samples. 

Pesticides 

Five pesticides (ametryn, dazomet, imazamethabenz-methyl, nitenpyram and tebupirimphos) 

in total were detected in sediments of the Black Sea. 15 μg/Kg of pesticides was the total 

maximum concentration detected in JOSS 1 sample. Dazomet and nitenpyram were detected 

only in coastal samples,  presenting a 60% of frequency of detection. 

Pharmaceuticals and Drugs TPs 

Pharmaceuticals were detected in all tested sediment samples. Among them, JOSS 1 sample 

presented the maximum total pharmaceuticals/ dugs TPs concentration which reached up to 

396 μg/Kg. The number of detected pharmaceutcals/ drugs TPs ranged from 3-5 in Open Sea 

samples to 13-14 in coastal sediments. Crotamitron and  pindolol were detected in all tested 

samples, while tolazoline was the pharmaceutical detected at the highest concentration level 

of 193 μg/Kg in JOSS 1 sample. Salicylamide and its TP, salicylamide-N-isopropyl were detected 

<LOQ (2.0 and 2.6 μg/Kg, repsectively) in 1B sample. 

Risk assessment of pollution of the Black Sea by organic pollutants 

The risk assessment results for the specific ECs that were detected both in seawaters and 

sediments, are available in Table V.3.10. The calculated PNECs for the specific ECs that were 

detected in sediments, but not in seawater samples are listed in Table V.3.16. Very low PNECs 

were estimated for terburimiphos in daphnia magna and ametryn and thioridazine in algae 

(Table V.3.16). Teburimiphos elevated PNEC value in daphnia magna, predicted by ToxTrAMS, 

is in accordance with the experimental one provided for the same species (source: Footprint 

(2018)).  

Table V.3.16. PNECs for emerging contaminants detected in sediments. 

 PNECs (ng/L) 

 Daphnia 
magna(48h) 

Pimephales promelas 
(96h) 

Algae 
(72h) 

5-Androstan-3-17-diol-3-glucosiduronate  (3-diol-3G) 3,523 15,574* 6,763 

Ametryn 22,221 19,742 12 &  360a 

Amidephrine 163,319 452,240 17,796 

Cinoxacin 39,676 3,603 8,696 

Crotamiton 9,972 7,313 7,019 
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 PNECs (ng/L) 

 Daphnia 
magna(48h) 

Pimephales promelas 
(96h) 

Algae 
(72h) 

Cytarabin 555,797 868,047* 18,925 

Dazomet 5,248 964,829 13,879 

Imazamethabenz-methyl 138,608 1,653 863 

Mefenorex 2,433 8,679 7,765 

Nadolol 209,931 326,620* 7,207 

Nitenpyram 21,291 12,028 8,126 

Oxprenolol 33,502 16,221 4,361 

Phendimetrazine 57,769 70,415 28,148 

Rizatriptan 42,564 15,536 397 

Salicylamide-N-Isopropyl 24,272 7,129 26,764 

Tebupirimphos 1.09 & 0.80b 3,190 294 

Thioridazine 691 1,577* 23 

Tolazoline 40,136 202,341 8,270 

Tranexamic acid 280,990 604,928 192,746 

Tranylcypromine 47,593 39,773 26,169 

Valdecoxib 12,720 4,334 396 

*Experimental proof is nedded 

aExperimental PNEC chronic in Raphidocelis subcapitata, AF=100 (NORMAN (2018)) 

bExperimental PNEC chronic in Daphnia magna, AF=100  (Footprint (2018)) 

 

The PNECs for the commonly detected compounds (benzotriazole, metoprolol, pindolol, 2-

aminobenzimidazole, apophedrin  (phenylethanolamine), salicylamide, salicylic acid and 

prolinamide) in sediment and seawater, are provided in Table V.3.10. 

Overall pollution 

The cumulative graph of sediment pollution burden, including priority substances and ECs, is 

presented in Fig. V.3.12. The total concentrations per class of pollutants were calculated in 

every sample and the maximum value was considered as 100. The other samples were 

normalized according to these maximum values. So, if a sample was the most polluted one in 

all of the reported classes of pollutants (7 in total), its normalized pollution would be 700 

(maximum sum of total normalized pollution). Moreover, the total number of detected 

pollutants per sample, is presented in the upper cluster of the graph, as a pollution marker. 

The maximum values per each class of pollutants, according to which the normalization was 

performed, are listed in Table V.3.17. 

JOSS 1 sediment, sampled from Odessa Bay was by far the most polluted, where the maximum 

number of pollutants (34 in total) and the maximum normalized pollution (632) were noticed. 

There is a clear specific trend of pollution. Coastal and shelf sediment samples are highly 

polluted, whereas open sea sediment samples are significantly less polluted (up to 6.9 times 

less contaminated considering the %normalized pollution).  
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Figure V.3.12. Normalized pollution cumulative chart ) for sediments from Odessa Bay, 

Danube Delta and Open Sea areas, August/September 2017. 

Table V.3.17. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total 

concentration (μg/Kg) 
Sample with maximum 

concentration 

OCPs 27 1B 

Phthalates 72 JOSS 1 

Phenols 730 JOSS 1/ 1A/ 1B* 

Industrial chemicals 1.1 JOSS 1/ 1A* 

Naturally occuring compounds & Steroids 4546 JOSS 1 

Pesticides 15 JOSS 1 

Pharmaceuticals & Drugs TPs 396 JOSS 1 

*The same compounds were detected at <LOQ levels. 
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V.3.2. Suspect and non-target screening of Black Sea pollutants in 
water and sediments by LC-HR-MS and GC-(HR)-MS 
techniques 

 Samples 

All samples from EMBLAS-II survey 2017 (twenty seawater samples and five sediment 

samples) were analyzed by LC-QToFMS and processed through a non-target screening 

workflow for the generation of the component lists and through a suspect screening workflow 

for the tentative identification of the detected signals. Seawater extracts, injected in LC-

QToFMS, passed through SPE extraction, while ultra-large volume (XL-SPE) extracts (seawater 

and particulate matter) were analyzed by GC-EI-MS and GC-APCI-QToFMS. Two samples pre-

processed with Mariani-Box were also subjected in GC-EI-MS and GC-APCI-QToFMS analysis. 

All analyzed samples were uploaded to Digital Sample Freezing Platform (DSFP), which 

enabled the generation of Data Collection Templates (DCTs) and retrospective screening of 

the samples. Moreover, this will enable the possibility for future retrospective analysis when 

more advanced tools will be available. 

 Methods – Instrumental Analysis  

Extracts were analyzed by three instrumental setups; GC-EI-MS, GC-APCI-QTOFMS and LC-ESI-

QTOFMS. 

GC-EI-MS  analysis was performed with a Bruker EVOQ GC-TQ Premium – a Bruker 456-GC 

(with a PTV-type inlet) coupled with a triple quadrupole mass spectrometer, equipped with a 

PAL RSI Sampler. GC was operated in splitless injection mode and the splitless purge valve was 

activated 0.95 min after injection. The injection volume was 1 μL. A 30 m Restek Rxi-5Sil MS 

column (0.25 mm i.d. x 0.25 μm film thickness) was used with He as carrier gas in a constant 

flow of 1.5 mL min-1. The GC oven was programmed as follow: 55°C initial hold for 3 min, 

increase at a rate of 15°C min-1 to 180°C, then increase with a step of 6.5°C min-1 to 280°C and 

hold for 5 min followed by an increase of 10°C min-1 to 300°C and hold for 5.28 min. The 

temperature of splitless injector port, GC-MS transfer line and MS source was maintained at 

280, 280 and 250°C respectively. The data was acquired in full scan mode with a mass range 

of 50-800 Da. 

GC-APCI-QTOFMS  analysis was conducted with a Bruker 450 GC equipped with a CP-8400 

AutoSampler coupled to a Bruker Maxis Impact QTOF-MS mass analyzer (Bruker Daltonics, 

Bremen, Germany). GC was operated in splitless injection mode and the splitless purge valve 

was activated 1 min after injection. The injection volume was 1 μL. A 30 m Restek Rxi-5Sil MS 

column (0.25 mm i.d. x 0.25 μm film thickness) was used with He as carrier gas in a constant 

flow of 1.5 mL min-1. The GC oven was programmed as follow: 55°C initial hold for 3 min, 

increase at a rate of 15°C min-1 to 180°C, then increase with a step of 6.5°C min-1 to 280°C and 

hold for 5 min followed by an increase of 10°C min-1 to 300°C and hold for 5.28 min. The 

temperature of splitless injector port, GC-MS transfer line and MS source was maintained at 

280, 290 and 250°C, respectively. The QTOF mass spectrometer was automatically calibrated 
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with Perfluorotributylamine prior to each injection. MS/MS spectra was generated by an 

AutoMS/MS acquisition method either in positive or in negative polarity mode. With this 

method a full scan and the MS/MS spectra of the 5 most abundant ions were acquired. A mass 

range between 50 and 1000 m/z was scanned with a spectra rate of 8 Hz.   

LC-ESI-QTOFMS analysis was conducted with a Dionex UltiMate 3000 using RP RSLC an 

Acclaim RSLC C18 column (2.1 x 100 mm, 2.2 µm) from Thermo Fischer Scientific (Dreieich, 

Germany) coupled to a Bruker QTOF-MS mass analyzer (Maxis Impact, Bruker Daltonics, 

Bremen, Germany). For positive ionization, the aqueous phase consisted of H2O/MeOH 90/10 

with 5 mM ammonium formate and 0.01% formic acid and the organic phase was MeOH with 

5 mM ammonium formate and 0.01% formic acid. For negative ionization, the aqueous phase 

consisted of H2O/MeOH 90/10 with 5 mM ammonium acetate and the organic phase was 

MeOH with 5 mM ammonium acetate. Gradient for both ionizations for organic phase was 1% 

(0-1 min), 39% (1-3 min), 99.9% (3-14 min), 99.9% (14-16 min), 1% (16-16.1 min), 1% (16.1-20 

min) and flow rate gradient was 0.2 mL min-1 (0-3 min), 0.4 mL min-1 (3-14 min), 0.48 mL min-

1 (16-19 min), 0.2 mL min-1 (19.1-20 min). All samples were injected in positive and negative 

ionization in data-dependent (5 most abundant precursors) and data-independent (full scan 

collision energy 4 eV and 25 eV) acquisition mode (bbCID mode). The data acquired in data-

independent mode were processed using the latest available non-target screening tools and 

data acquired in data-dependent mode were used for identification purposes. This decision 

was based on the fact that data-independent files allow more reliable peak picking, since they 

contain 1 full scan per 1 second. Calibrant substance (Na Formate and Na Acetate for positive 

and negative ionization respectively) was injected in the beginning of each chromatographic 

run. 

 Methods - Data Treatment  

GC-EI-MS 

An integrated set of procedures for extracting pure component spectra and related 

information from the complex chromatograms of GC-EI-MS analyses, was performed with 

AMDIS software. Afterwards, this information was used to determine whether the 

components could be identified as one of the compounds represented in a mass spectral 

library (NIST 08). Particularly, GC-EI-MS data files were deconvoluted according to a set of 

optimized parameters (component width: 12, resolution: medium, sensitivity: very low and 

shape requirements: low) to locate all of the separate components present in the samples. 

Subsequently the extracted spectrum for each component was searched against NIST 08 mass 

spectral database. The match factor (>700) between the target spectrum and the 

deconvoluted component spectrum as well as the percentage probability (>60%) of the target 

proposed structure, were the thresholds that hits must exceed to be reported as tentatively 

identified compounds. Manual inspection of the tentatively identified compounds was 

performed to reduce potential false positive identifications. 

GC-APCI-QTOFMS and LC-ESI-QTOFMS 

The averaged peaks of the calibrant substance eluted in the beginning of every 

chromatographic run were used to recalibrate the whole chromatogram using HPC fitting 
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algorithm, which is embedded in DataAnalysis 4.3. (Bruker Daltonics, Bremen, Germany). This 

calibration method ensures mass accuracy below 2 mDa for whole chromatographic run and 

mass range (50-1200 Da). For exporting files in mzML format, CompassXport 3.0.9.2. (Bruker 

Daltonics, Bremen, Germany) was used. CompassXport was used instead of ProteoWizard, 

because the latter was unable to export HPC calibrated chromatograms. 

The two collision channels (4 and 25 eV) in data-independent acquired files were separated 

using the “Contribution module” of DSFP. Data files together with meta-data (contributor 

details, instrumental information, sample and sample-preparation information) were 

uploaded to DSFP. This allowed the application of a workflow which enabled the generation 

of the DCTs (format can be found in Table E, Appendix of Chapter VI.1). DCTs have been 

established for all types of environmental samples by NORMAN experts and support the 

inclusion of non-target (NTS) data. Moreover, the application for the spatial distribution of the 

LC-ESI-QTOF detected chemicals signals was updated to include the information from Survey 

2017 (http://www.norman-data.eu/BS). This application helped in finding patterns such as 

pollution hotspots. 

Peak picking using centwave algorithm (MassSpecWavelet package) with optimized 

parameters was applied in the files. For each sample, peaks produced from one compound 

(isotopes and adducts) were grouped to form components. [M+H]+, [M+NH4]+, [M+Na]+, 

[M+H]+ were selected for positive ESI and [M-H]-, [M+Na-2H]-, [M+K-2H]-, [M+Cl]-, [M+Br]- 

were selected for negative ESI.  Component’s molecular ions and one-peak components were 

matched against the NORMAN SusDat (http://www.norman-network.net/datatable/, 40054 

substances as of 2nd May 2018).  

A fully automated identification screening scheme was applied. SusDat was mapped against 

the component lists of the samples using the following settings; mass accuracy below 3 mDa, 

match of retention time index (RTI) and predicted RTI (derived from QSRR prediction models 

and a set of calibrant substances) less than 30% for compounds within the applicability domain 

of the model and match of at least 1 (in-silico or library) fragment  either in the higher collision 

energy layer or in the low collision energy layer (in-source fragments). A match that fulfils 

these criteria was termed as “possible annotation” (term used in Tables V.3.18, V.3.19 and 

VI.1.16). Annotation of a component is the assignment of a name, and structure to an 

unknown mass. Possible annotations are not sertain identifications and represent the 

maximum number of compounds that match the compound database (SusDat) against the 

component lists.  If a second compound matches a previously annotated mass with more 

fragments, then the annotation was replaced. The procedure involves fragments coming from 

HRMS/MS mass spectral databases and in-silico fragments coming from prediction models. 

The output of the approach is an “annotated” DCT, which can be easily filtered in terms of 

number of fragments and in-silico or observed fragment matches. The cases with match of at 

least 6 in-silico predicted fragments are marked in Tables V.3.18, V.3.19 and VI.1.16 but were 

not further investigated due to time restriction. The cases with match of at least 2 fragments 

coming from spectral libraries were regarded as probable structure by library spectrum match 

(Level 2A) [7].  

http://www.norman-data.eu/BS
http://www.norman-network.net/datatable/
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Pre-processing and identification scheme applied for GC-APCI-QTOF was similar to that used 

for LC-ESI-QTOF. One difference was that only adducts [M]+, [M+H]+ and [M]-, [M-H]- were 

used for componentization. Moreover, no retention time index prediction was used since 

models have been developed yet. 

 Results and Discussion 

Summary of components, annotations and identifications 

Pre-processing resulted in 14,311 components in positive and 4,746 components in negative 

ionization for LC-ESI-QToF. Number of components for each sample, possible annotations 

from NORMAN SusDat, number of cases with match of more than 6 in-silico fragments and 

probable identifications by library match are summarized in Table V.3.18 for LC-ESI-QToFMS 

analysis and in Table V.3.19 for GC-APCI-QTOF and GC-EI-MS analysis. Identified components 

in GC-APCI-QToF in terms of numbers were averagly 5-times more than LC-ESI-QToF, which 

can be attributed to the different sample-preparation, preconcentration factor achieved and 

more non-polar chemical content of the investigated samples. 

Table V.3.18. LC-ESI-QToF components, possible annotations and identifications per 
sampling station 

  

Sampling Station 
Number of components 
(Positive;Negative ESI) 

Possible 
Annotations 

Cases with match 
of more than 6 in-
silico fragments 

Identifications 
(Level 2A) 

S
ea

w
at

er
 

A-1 3276;1521 177 4 4 

C-1 3204;1433 178 2 6 

JOSS01 3470;1742 144 2 6 

JOSS02 3379;1744 158 1 4 

JOSS03 3437;1759 169 4 6 

JOSS04 3263;1747 130 2 2 

JOSS05 3411;1728 134 1 1 

JOSS06 3562;2029 166 4 3 

JOSS07 3486;1891 139 1 2 

JOSS08 3658;1754 139 2 3 

JOSS09 3387;1677 147 3 3 

JOSS10 3387;1878 138 2 2 

JOSS11 3343;1686 145 1 5 

JOSS12 3415;2013 137 1 2 

GE01 4354;1938 201 3 4 

GE02 4624;1835 172 3 5 

GE03 3927;1442 167 2 6 

CW05 3036;1208 165 2 5 

CW07 2865;1344 160 1 7 

CW08 2963;1353 164 1 4 

S
ed

im
en

ts
 

1A 3849;1599 235 18 2 

1B 4117;1546 216 23 3 

JOSS01 4213;1486 237 20 6 

JOSS04 3521;1095 201 22 6 

JOSS08 4487;1234 225 27 5 
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Table V.3.19. GC-APCI-QToF and GC-EI-MS components and possible annotations per sampling 

station. 

  
Sampling 

Station 

Number of 
components 

(Positive; 
Negative 

APCI) 

Possible 
Annotations 

Cases with 
match of more 
than 6 in-silico 

fragments 

Identifications 
(Level 2A) 

Number of 
components 
(GC-EI-MS) 

Identifications 
by NIST library 
match (GC-EI-

MS) 

P
ar

tic
ul

at
e 

M
at

te
r 

XL-SPE (600 L) 
Strech 1 

11428;105 930 399 3 397 6 

XL-SPE (303 L) 
Stretch 2 

10805;61 1184 554 6 67 7 

XL-SPE (293 L) 
Stretch 3 

10652;95 1153 540 5 353 12 

XL-SPE (300 L) 
Stretch 4 

10963;65 1128 513 5 414 8 

XL-SPE (295 L) 
Stretch 5 

12279;142 1409 701 6 437 5 

Mariani-Box 1A 14989;837 929 43 2 758 4 

Mariani-Box 1C 16522;1005 1346 129 1 1218 3 

S
ea

w
at

er
 

Cell 1 Stretch 1 18813;961 2148 481 8 946 2 

Cell 2 Stretch 1 16235;392 1590 261 4 617 3 

Cell 1 Stretch 2 17780;695 2294 639 6 859 7 

Cell 2 Stretch 2 12770;323 1500 467 4 373 5 

Cell 1 Stretch 3 17210;732 2352 652 12 512 6 

Cell 2 Stretch 3 16124;251 2091 596 11 411 7 

Cell 1 Stretch 4 16235;448 2215 624 8 639 3 

Cell 2 Stretch 4 14414;55 1868 556 9 700 4 

Cell 1 Stretch 5 15496;431 2202 634 10 701 1 

Cell 2 Stretch 5 12927;129 1699 511 8 284 4 

S
ed

im
e

nt
 1A 20483;961 2071 677 13 1264 4 

1B 20278;2739 2179 665 13 1177 4 

The ratio of detected components in positive to negative ionization for LC-ESI-QToF ranged 

from 1.7-3.6, while the same ratio for GC-APCI-QToF analysis was 7-262. This indicates that 

chemical species ionized under negative atmospheric pressure chemical ionization (APCI) 

were many times lower in comparison with the ionized chemical species under positive APCI 

conditions. 

Identification and spatial distribution of non-targets 

Most of the identified substances were industrial chemicals such as plasticizers (phosphates 

and phthalate esters), surfactants and other substances of petrochemical industrial origin. 

Second most important category was the chemicals used in agricultural sector (pesticides, 

insectisides, herbicides) and their TPs. Few pharmaceticals and their TPs were also identified. 

Finally, naturally occurring compounds were also detected in both seawater and sediment 

samples. Naturally-occurring substances such as aminoacids, nucleosides and naturally-

occuring proteins and will not be further discussed, since their presence does not induce risk 

to the ecosystem. 

Phthalates and phosphate esters have a broad use in large variety of products. Their wide-

spread use is a result of their physicochemical properties such as flame-resistance, oxidation 
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stability, low vapor pressures etc. Three phthalate and four phospate esters were detected. 

Tri(butoxyethyl)phosphate and Mono-iso-butyl phthalate were detected in sediment 

collected from Danube delta. Triisobutyl phosphate, Triphenylphosphine oxide and 3-

Isobutylphthalate seem to have the most wide-spread occurrence in the investigated samples. 

They were detected in seawater collected from the five stretches of Black Sea as well as in the 

particulate matter samples. Triisobutyl phosphate was mainly detected with in all seawater 

samples with higher signals close to the shores of Ukraine and Georgia, indicating land input 

of this chemical. Other detected industrial chemicals included N-butylbenzenesulphonamide 

and N-ethyl-4-methyl-Benzenesulfonamide. N-butylbenzenesulphonamide was the most 

frequently detected substances in the investigated samples, since it was detected in all 

sediment samples, in seawater samples and in particulate matter. N-

butylbenzenesulphonamide was reported in the previous sampling campaign with wide-

spread occurrence. Its occurrence is of concern since this plasticizer has been proven to be a 

neurotoxic inducing a spastic myelopathy in rabbits according to Strong et al. [8] Unlike to N-

butylbenzenesulphonamide which was detected in both seawater and sediment samples, 

Benzothiazole sulfonic acid was only detected only in few seawater samples collected from 

the region of Danube river. Its spatial distribution clearly indicates input from Danube river as 

shown in Fig. V.3.13. From the group of the surfactants, three compounds (Lauramine oxide, 

N,N-bis(2-hydroxyethyl)dodecanamide and 2-Octyl-3(2H)-isothiazolone) were detected in 

seawater samples. The surfactants are used in personal care products such as shampoo and 

cosmetics either as cleaning agents or as preservatives. HRMS/MS of the surfactant N,N-bis(2-

hydroxyethyl)dodecanamide and explanation of the fragments can be found in Fig. V.3.14. 

These surfactants remained undetectable in sediment samples unlike ethylparaben, 

butylparaben which are used as additives to personal care products and were detected in 

sediment samples collected from Danube delta.  

Compounds of oil origin such as 4H-cyclopenta[def]phenanthrene-4-one, Diphenylsulfoxide, 

Muconic acid (metabolite of benzene) and Sulfanilic acid were also detected in the Danube 

sediment samples. The presence of this chemicals verifies the observation of EMBLAS report 

(2016) that compounds of oil origin are mainly populating sediments. Another industrial 

chemical with wide-spread occurrence in seawater samples and in particulate matter was 

Diphenyl sulphone, which is used in industry as high temperature solvent for the production 

of polymers. 

Three pesticides were detected in the seawater samples, two of them (Simeton and Diuron-

desdimethyl) in Danube delta seawater samples (preprocessed by Mariani-Box) and 

Acetochlor oxanilic acid was detected in few XL-SPE extracts.  Two pharmaceuticals (Piracetam 

and Didanosine,O-Demethylmetoprolol) were detected sporadically in seawater samples. 
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Figure V.3.13. Spatial distribution of Benzothiazole sulfonic acid in seawater samples.  

 

 

 

Figure V.3.14. Experimental MS/MS spectra of N,N-bis(2-hydroxyethyl)dodecanamide 

detected in positive ionization. 

Identifications derived from LC-ESI-QToFMS and GC-APCI-QToFMS analysis, and samples in 

which compounds were detected, are summarized in Table B and C (Appendix of Chapter VI.1) 

respectively. Both Tables concern seawater and sediments samples. 

Investigation of pollution sources 

To investigate the “probable most heavily polluted”, normalized sum intensity of all the 

components per each sampling station was considered. Normalization was based on the 

intensity of internal standards (Venlafaxine-D6 for positive ionization and Bisphenol A-D16 for 

negative ionization). Results of this analysis can be found in Fig. V.3.15. 
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Figure V.3.15. Normalized by internal standards total intensity per sampling site versus 

number of components for LC-ESI-QToF data. 

As depicted in Fig. V.3.15, the “most polluted” sampling sites in terms of number of 

components detected and in terms of normalized sum intensity was seawater collected from 

the shores of Batumi (GE01 and GE02). This observation is in agreement with the findings of 

EMBLAS Survey 2016. Seawater collected close to the shores of Ukraine (CW05, CW07 and 

CW08) showed lower number of detected compounds but at elevated normalized intensity. 

High number of components and high normalized sum intensity was also observed for 

sediment samples collected in the Danube delta (Sediment 1A and 1B). Seawater collected 

close to Danube showed elevated normalized sum intensity of the detected components. All 

JOSS samples (with the exception of JOSS01 which is located a few km from Odesa) showed 

the lowest sum intensity.  

Risk assessment of pollution of the Black Sea by organic pollutants from non-target analysis 

In the following Table (Table V.3.20), the calculated PNEC values of the identified 

compounds by non-target screening are provided. 
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Table V.3.20: Calculated PNECs of the three trophic levels for the detected compounds by 

non-target screening. 

  PNECs (ng/L) 

NORMAN SusDat 
ID 

Name 
Daphnia 

magna(48h) 
Pimephales 

Promelas (96h) 
Algae 
(72h) 

NS00009178 1-methyl-2-pyrrolidone 115,785 996,027 82,277 

NS00000270 2-Octyl-3(2H)-isothiazolone 1,857 1,757 2,128 

NS00014605 3-Isobutylphthalate 111,587 1,531 31,004 

NS00014588 4H-cyclopenta[def]phenanthrene-4-one 5,349 163* 182 

NS00014752 5-Aminovaleric acid 652,239 1,224,270 312,484 

NS00009462 Acetochlor oxanilic acid 192,304 11,368 7,283 

NS00010634 Benzothiazole sulfonic acid 68,728 129,461 9,973 

NS00005874 Bis(2-ethylhexyl) hydrogen phosphate 14,607* 981 518* 

NS00010637 Butylparaben 15,445 21,951 5,064 

NS00011452 Cyclohexylamine 75,549 320,878 28,441 

NS00000541 Didanosine 258,989 55,769 11,541 

NS00001949 Dipentyl phthalate 214 72 525 

NS00008550 Diphenyl sulphone 23,130 56,557 10,655 

NS00014383 Diphenylsulfoxide 16,255 91,386 9,198 

NS00000263 Diuron-desdimethyl 51,114 24,321 2,425 

NS00025632 Ethylparaben 108,272 106,200 13,292 

NS00001592 Lauramine oxide 85,702* 1,457 13,925 

NS00010915 Mono-iso-butyl phthalate 136,671 2,387 33,619 

NS00015510 Muconic acid 198,443 40,041 352,884 

NS00010591 N,N-bis(2-hydroxyethyl)dodecanamide 115,582* 26,404 954 

NS00007746 N-butylbenzenesulphonamide 21,112 116,068 30,994 

NS00010912 N-ethyl-4-methyl-Benzenesulfonamide 66,377 106,365 36,499 

NS00003556 O-Demethylmetoprolol 110,019 160,225 11,358 

NS00000504 Piracetam 53,457 771,814 57,681 

NS00007941 Simeton 110,981 189,938 152 

NS00000298 Sulfanilic acid 77,823 243,294 35,898 

NS00010911 Tri(butoxyethyl)phosphate 142 1,598 1,103* 

NS00010857 Tribenzylamine 32 1,418 197 

NS00008118 Triisobutyl phosphate 437 14,952 14,726 

NS00010696 Triphenylphosphine oxide 2,173 8,206 1,013 

*Experimental proof is needed 
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VI.1. Target, suspect and non-target screening of Black Sea 
pollutants in biota by LC-HR-MS and GC-MS 
techniques 

VI.1.1. Targeted determination of Black Sea pollutants in biota by 
ICP-MS, LC-(HR)-MS/MS and GC-MS/MS techniques 

 Introduction 

The extent of contamination in the marine organisms of Black Sea was also investigated. Fish 

and shellfish tissue monitoring serves as an important indicator of contaminated sediments 

and water, and many states routinely conduct tissue analyses as a component of their 

comprehensive environmental monitoring programmes. The aim of this survey was to 

document priority substances and emerging contaminants’ concentrations in biota samples. 

For this purpose, three different marine organisms, mussels, fish of different species and two 

dead dolphins were collected and analyzed.  

Fish are placed low in the food chain, so a probable contamination may be transferred and 

accumulated in species placed higher, like humans. Biomagnification refers to the process 

where the concentration of a contaminant increases within the food chain. For investigating 

the contamination extent in both the muscle tissue and the whole body of fish sample, two 

sub-samples were tested for three samples; the first sample, muscles sub-sample, consisted 

of tissue along with the associated fat and the second one consisted of the whole fish (bones, 

skin, offal, muscles, fat, organs etc.).  The  Guidance document on chemical monitoring of 

sediment and biota under the WFD suggests that analyses should be done in the whole fish, 

however, several EU Member States propose to analyse the tissue. This latter also seem to 

match better the requirements of the MSFD. To be on the safe side, both fish tissue and whole 

fish samples were analysed. There are no limit values in biota set by the MSFD and therefore 

EQSs from the EQS Directive (2013/39/EU) were used for risk assessment in this report. 

 Materials and methods 

Nineteen biota samples were collected and analyzed in total. The samples were freeze-dried 

before analysis and results are provided in μg/Kg of wet weight. The % of water content of 

every sample and the matrix of analysis, are listed in Table VI.1.1. 

Table VI.1.1. Water content (%) and matrix of analysis for the biota samples. 

Species Sampling station Matrix of analysis Water content (%) 

Molusks, Mytilus galloprovincialis  Ukraine Soft body 92 

Rapana thomasiana Ukraine Soft body 68 

Rapana thomasiana Georgia Soft body 76 

Fish, Barabulka Georgia 
whole fish 76 

muscle tissue 78 

Fish, N. Melanostomus (Round Goby) Ukraine 
whole fish 74 

muscle tissue 78 
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Species Sampling station Matrix of analysis Water content (%) 

Fish Zmiinyi island, Ukraine 
whole fish 74 

muscle tissue 73 

Fish, Mesogibius batrachocephalus Ukraine muscle tissue 79 

Fish, Platychthys flesus Ukraine muscle tissue 78 

Fish, Mullus barbathus Batumi gorochi, Georgia muscle tissue 75 

Fish, Alosa kessleri portica Batumi, Georgia muscle tissue 76 

Fish, Uranoscopus scaber Batumi gorochi, Georgia muscle tissue 80 

Fish, Pomatomus saltatrix Batumi, Georgia muscle tissue 70 

Fish, Trachurus trachurus (GE 7) Batumi gorochi, Georgia muscle tissue 70 

Fish, Kefal-Mullet (RU 8) Sochi, Russia muscle tissue 75 

Dead Dolphin (UA 10) Oksana, Ukraine muscle tissue 69 

Dead Dolphin (UA 9) Oksana, Ukraine muscle tissue 72 

The tested samples are grouped to three classes for the extraction of statistical data: 

a) Mollusks [3 samples]: Mytilus galloprovincialis (UA) and Rapana thomasiana (UA and GE) 

b) Fish UA (muscle) [4 samples]: N. Melanostomus, fish from Zmiinyi island, Mesogibius 

batrachocephalus and Platychthys flesus 

c) Fish GE (muscle) [6 samples]: Mullus barbathus, Alosa kessleri portico, Uranoscopus 

scaber, Pomatomus saltatrix, Trachurus trachurus and Barabulka 

The fish sample from Russia and the two Dead dolphins are discussed separately. 

Eight classes of compounds, including priority substances and emerging contaminants were 

determined in biota samples. A short description of the used sample preparation and 

analytical methods, are presented in Table VI.1.2. 

Table VI.1.2. Classes of priority substances and emerging contaminants determined in biota 

samples, along with the analytical method used. 

Class of priority substances & 
emerging contaminants 

Sample preparation method Analytical method 

Perfluorinated compounds (PFCs) 
Ultrasonic extraction with acetic acid (1%)/MeOH 
followed by SPE clean-up, using Oasis HLB cartridges 
(200mg, 6cc)  

LC-ESI (-)-MS/MS 

(SRM mode) 

Polyaromatic hydrocarbons (PAHs) Ultrasonic assisted extraction with mix of organic 
solvents, followed by SPE clean-up, using Florisil 
cartriges (6g) 

GC-EI-MS/MS 

(SRM mode) Organochlorine pesticides (OCPs) 

Brominated diphenyl ethers (BDEs) 
Accelerated solvent extraction GC-EI-HRMS 

Dioxins and dioxin-like compounds 

Heavy Metals (HM) and Arsenic Microwave assisted extraction ICP-MS 

Organotin compounds 
Ultrasonic assisted extraction with acidic methanol, 
ethylation using NaBEt4 in hexane as derivatization 
agent and SPE cleanup using florisil cartridges 

GC-EI-MS/MS 

(SRM mode)** 

Emerging contaminants* 
Ultrasonic assisted extraction with EDTA (0.1% w/v, 
0.1% v/v formic acid)/MeOH/ACN, followed by protein 
precipitation and defatting processes 

LC-ESI (+/-)-
QTOFMS(/MS) 

*including pharmaceuticals, veterinary drugs, personal care products, pesticides, stimulants, psychotropic 
drugs, drugs of abuse, industrial chemicals, sweeteners, naturally occurring compounds, as well as their TPs. 
** LC-ESI(-)-QTOFMS(/MS) was used for Hexabromocyclododecane determination 

 

The respective methods-instrumental analysis used for the determination of PAHs, HM, and 

Emerging Contaminants are presented in V.4 chapter, page 9. 



Scientific Report – Joint Black Sea Surveys 2017 

 

467 

OCPs 

The GC-EI-MS/MS method used for OCPs determination in biota samples has already been 

reported in V.3 chapter. 

Organotin compounds 

The GC-EI-MS/MS instrumentation described in V.3 chapter, properly modified for the 

determination of organotin compounds was used. 

For the determination of organotin compounds, the inlet temperature was set at 280°C. The 

GC oven was programmed as follow: 70°C initial hold for 1 min, increase at a rate of 15°C min-

1 to 270°C and hold for 1 min. 

PFCs Analysis 

An X-Bridge C18 column (2.1 x 100 mm, 3.5 μm) from WATERS (Dublin, Ireland) protected by 

a guard column was used at a constant flow of 100 μL min−1, thermostated at 30°C. The mobile 

phases consisted of modified water (1 mM ammonium formate (Solvent A)) and methanol 

(Solvent B). The adopted gradient program started with 30 % B and it increased to 75 % B in 

1.5 min. 100 % B was reached in the following 10.5 min and kept constant for 5 min. Initial 

chromatographic conditions were restored within 0.6 min and kept constant for 12.4 min. The 

injection volume was set up to 5 µL. The ESI probe was operated in Negative Ionization. ESI 

voltage was set at 3500 V. The sheath gas (N2) flow rate was set at 40 A.U, the auxiliary gas 

(N2) flow rate was set at 20 A.U and the ion transfer capillary temperature was set at 270⁰ C. 

Data acquisition was performed in multiple reaction monitoring (MRM) mode. 

PBDEs/ Dioxins and dioxin-like compounds Analysis 

For Dioxins and dioxin-like compounds and PBDEs, GC-EI-HRMS measurements were carried 

out on the Thermo Scientific DFS high resolution GC/MS system coupled to a Thermo Scientific 

TRACE GC ULTRA gas chromatograph. GC was operated in pulsed splitless injection mode. The 

injection volume was 1 μL. A 60 m Agilent J&W DB-5ms column (0.25 mm i.d. x 0.25 μm film 

thickness) was used with He as carrier gas. The magnetic sector mass spectrometer was 

automatically calibrated with Perfluorotributylamine prior to each injection. 

 Results and discussion  

Perfluorinated compounds (PFCs) 

Among the 18 PFCs that were screened in the biota samples, only Perfluoroctane sulfonic acid 

(PFOS) and Perfluoroheptanoic acid (PFHpA) were detected. PFOS was detected at <LOQ levels 

(0.64 μg/Kg) in three Georgian samples: Fish-Uranoscopus scaber, Fish-Pomatomus saltatrix 

and Fish-Trachurus trachurus (GE 7) and exceeded significantly the EQS value (9.1 μg/Kg) in 

the two Dead Dolphin samples, reaching up to 204 (UA 10) and 28 μg/Kg (UA 9). PFHpA was 

detected only in Rapana thomasiana of both Ukrainian and Georgian origin and in Fish-

Barabulka at a concentration level <LOQ (32 μg/Kg). The LODs and LOQs of PFCs for biota, are 

presented in  Table VI.1.3. 
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Table VI.1.3. LODs and EQS of PFCs in biota samples. 

PFCs LOD/ LOQ (μg/Kg) 

Perfluoropentanoic acid (PFPeA) 
3.0/8.9 

Perfluorohexanesulfonate (PFHxS) 

Perfluorodecanesulfonate (PFDS) 

6.0/18 

Perfluorobutanesulfonate (PFBS) 

Perfluorooctanoic acid (PFOA) 

Perfluorodecanoic acid (PFDA) 

Perfluorohexanoix acid (PFHxA) 

Perfluorononanoic acid (PFNA) 

Perfluoroctane sulfonic acid (PFOS) 0.19/0.64 

Perfluoroheptanoic acid (PFHpA) 

9.7/32 
Perfluorododecanoic acid (PFDoA) 

Perfluorotridecanoic acid (PFTrDA) 

N-ethylperfluorooctane sulfonamide (N-EtFOSA) 

Perfluorotetradecanoic acid (PFTeDA) 19/64 

Perfluoroundecanoic acid (PFUdA) 

12/36 Perfluorooctane sulfonamide (PFOSA) 

Perfluoroheptanesulfonate (PFHpS) 

N-methylperfluorooctane sulfonamide (N-MeFOSA) 49/160 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

PFOS was detected at three fish muscle samples at <LOQ concentrations (0.64 μg/Kg), which 

is more that 14 times lower than the EQS value (9.1 μg/Kg). On the contrary, the detected 

concentrations in the two dead dolphin samples, exceeded the EQS value up to 22 (UA 10)  

and 3 times (UA 9). 

Risk assessment of pollution of the Black Sea by organic pollutants 

The risk assessment results for PFHpA are provided in Table VI.1.4. 

Table VI.1.4: Calculated PNECs for the PFHpA, detected in biota. 

 PNECs (ng/L) 

 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Perfluoroheptanoic acid (PFHpA) 14,787 504 4,877* 
*Experimental proof is needed 

Polyaromatic hydrocarbons (PAHs) 

All biota samples were positive in PAHs detection. Rapana thomasiana (GE) was the samples 

in which forteen out of sixteen tested PAHs were detected, reaching a total PAHs 

concentration of 9.9 μg/Kg. Low molecular mass PAHs (LMW), with 2-3 rings were the most 

frequently detected PAHs in fish samples, while  PAHs with 4 rings were the main PAHs 

pollution for the two dead dolphins, as shown in Fig. VI.1.1. The % of carcinogenic PAHs in 

biota samples was calculated as the ratio of the carcinogenic ones (sum of benzo[a]pyrene, 

benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, indeno(1,2,3-c,d)pyrene, 

dibenzo(ah)anthracene and chrysene) to the total PAHs concentration (sum of 16 PAHs). The 

% of carcinogenic PAHs were in most fish samples low (2.9-12%), apart from Barabulka (GE, 

whole fish) reaching a value of 30%. All mollusks samples presented a significantly higher % of 

carcinogenic PAHs content, ranging from 14 to 42%.  
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Figure VI.1.1. PAHs (μg/Kg) in biota samples from 
Ukrainian, Georgian and Russian area, August/September 2017.
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The distribution of every PAH in the three different analyzed groups of samples (mollusks, fish 

UA and fish GE) is presented in Table VI.1.5. According to 2013/39/EC Directive, unless 

otherwise indicated, the biota EQS relate to fish. An alternative biota taxon, or another matrix, 

may be monitored instead, as long as the EQS applied provides an equivalent level of 

protection. For Fluoranthene and other legulated PAHs (see Table VI.1.5), the biota EQS refers 

to crustaceans and molluscs. For the purpose of assessing chemical status, monitoring of 

fluoranthene and PAHs in fish is not appropriate. Benzo(a)pyrene, the PAH - marker of 

pollution, was detected only in Rapana thomasiana from Georgia, at 0.33 μg/Kg. 

Benzo(k)fluoranthene, Naphthalene and dibenzo(ah)anthracene were <LOD (0.045, 0.38 and 

0.018 μg/Kg, respectively), in every tested sample. Pyrene was the most ubiquitous PAH, with 

a 100%  detection frequency. Only two PAHs were detected in Dead Dolphin samples, fluorene 

and pyrene, resulting in total PAHs concentrations at 16 (UA10) and 8.2 μg/Kg (UA9). The total 

PAHs concentration of 19 μg/Kg in Kefal-Mullet (RU 8), is mainly attributed to the high 

naphthalene content of at 17  μg/Kg. 

Table VI.1.5. Concentrations of PAHs (μg/Kg) in 3 mollusks, 4 fish from Ukraine and 6 fish 
from Georgia, August/September 2017. 

PAHs 
Group of 
samples 

Mean 
(μg/Kg) 

Median 
(μg/Kg) 

Min 
(μg/Kg) 

Max 
(μg/Kg) 

StdDv 
(μg/Kg) 

2013/39/EC 
Directive EQS 

(μg/Kg) 

LOD/ LOQ 
(μg/Kg) 

% Frequency 
of detection 

Anthracene 

Mollusks 0.95 0.46 <0.12 2.3 1.2 

- 0.038/0.12 

100 

Fish UA 0.19 - 25 

Fish GE 0.16 0.14 0.13 0.21 0.044 50 

Benzo(a)pyrene 

Mollusks 0.33 - 

5 0.055/0.17 

33.6 

Fish UA <0.055 - 0 

Fish GE <0.055 - 0 

Benzo(b)fluoranthene 

Mollusks 0.18 0.18 0.17 0.19 0.015 

* 0.050/0.16 

66.7 

Fish UA <0.050 - 0 

Fish GE <0.050 - 0 

Benzo(g,h,i)perylene 

Mollusks 0.12 0.12 <0.060 0.21 0.13 

* 0.020/0.060 

66.7 

Fish UA <0.020 - 0 

Fish GE <0.020 - 0 

Benzo(k)fluoranthene 

Mollusks <0.045 - 

* 0.045/0.13 

0 

Fish UA <0.045 - 0 

Fish GE <0.045 - 0 

Fluoranthene 

Mollusks 0.31 0.31 <0.15 0.54 0.23 

30 0.050/0.15 

100 

Fish UA 0.16 0.16 <0.15 0.26 0.10 100 

Fish GE 0.20 0.16 <0.15 0.41 0.14 100 

Indeno(1,2,3-cd)pyrene 

Mollusks 0.15 0.15 0.07 0.23 0.11 

* 0.048/0.14 

66.7 

Fish UA <0.048 - 0 

Fish GE <0.048 - 0 

Naphthalene 

Mollusks <0.38 - 

- 0.38/1.1 

0 

Fish UA <0.38 - 0 

Fish GE <0.38 - 0 

Acenapthene 

Mollusks 0.37 0.44 <0.17 0.59 0.26 

- 0.058/0.17 

100 

Fish UA 
0.86 

(<0.17) 
0.14 

(<0.17) 
<0.17 0.30 0.10 100 

Fish GE 0.21 0.20 <0.17 0.34 0.11 100 

Benz[a]anthracene 

Mollusks 0.17 0.17 <0.15 0.27 0.14 

- 0.049/0.15 

66.7 

Fish UA <0.15 - 25 

Fish GE <0.049 - 0 

Chrysene 
Mollusks 0.33 0.22 0.16 0.60 0.24 

- 0.051/0.15 
100 

Fish UA <0.15 - 25 
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PAHs 
Group of 
samples 

Mean 
(μg/Kg) 

Median 
(μg/Kg) 

Min 
(μg/Kg) 

Max 
(μg/Kg) 

StdDv 
(μg/Kg) 

2013/39/EC 
Directive EQS 

(μg/Kg) 

LOD/ LOQ 
(μg/Kg) 

% Frequency 
of detection 

Fish GE <0.15 - 16.7 

Fluorene 

Mollusks 0.38 0.38 0.11 0.65 0.38 

- 0.031/0.093 

66.7 

Fish UA 0.27 0.27 <0.09 0.50 0.32 50 

Fish GE 0.16 0.16 <0.09 0.27 0.092 66.7 

Phenathrene 

Mollusks 0.53 0.26 <0.18 1.2 0.62 

- 0.058/0.18 

100 

Fish UA 0.58 0.58 0.41 0.74 0.23 50 

Fish GE 0.68 0.50 <0.18 1.3 0.52 83.3 

Pyrene 

Mollusks 0.76 0.32 <0.19 1.9 0.96 

- 0.061/0.19 

100 

Fish UA 0.14 0.14 0.093 0.19 0.057 100 

Fish GE 
0.093 

(<0.19) 
0.13 

(<0.19) 
<0.19 0.22 0.062 100 

Acenaphthylene 

Mollusks 0.54 - 

- 0.040/0.13 

33.3 

Fish UA 0.20 - 25 

Fish GE 
0.063 

(<0.13) 
0.089 

(<0.13) 
<0.13 0.14 0.047 50 

Dibenzo(ah)anthracene 

Mollusks 0.35 - 

- 0.018/0.055 

33.3 

Fish UA <0.018 - 0 

Fish GE <0.018 - 0 

*Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to be 
monitored for comparison with the corresponding AA- EQS in water. 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Benzo(a)pyrene and Fluoranthene were detected at highest concentrations of 0.36 and 0.54 

μg/Kg, values significantly lower than the EQS value (5 and 30 μg/Kg, respectively). 

Risk assessment of pollution of the Black Sea by organic pollutants 

The risk assessment results for the detected PAHs are provided in Table VI.1.6. Based on the 

results, low PNEC values were extracted for chrysene, dibenzo(ah)anthracene and 

benz[a]anthracene in algae. On th contrary, the extracted PNEC value for anthracene in 

pimephales promelas was 452 μg/L, but more experimental proofs are required. 

Table VI.1.6: Calculated PNECs for the PAHs detected in biota. 
 PNECs (ng/L) 

 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Acenaphthylene 1,745 3,099 534 

Acenapthene 6,279 1,674 & 3,700a 787 

Anthracene 617 452,013* 191 

Benz[a]anthracene 36 63* 14*  & 24b 

Chrysene 51 68* 14* 

Dibenzo(ah)anthracene 16 45* 0.98* 

Fluorene 859 2,277 440 

Phenanthrene 617 521 193 

Pyrene 141 139* 29 & 28c 
*Experimental proof is needed 
aAA-QSwater_eco PNEC in invertebrates, AF=10 (INERIS (2004)) 
bAA-QSwater_eco PNEC in algae, AF=50 (INERIS (2003)) 
cJG-MKN (total) PNEC in algae, AF=50 (RIVM (2018)) 
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Brominated diphenyl ethers (BDEs) 

PBDE 28/33, 47, 99, 100, 153, 154 & 183 congeners were screened in all biota samples, except 

for the three whole fish samples. All samples were positive in the tested PBDEs, while PBDE 

47 was the compound with the highest contribution to total PBDEs concentration (median 

concentration of 28 ng/Kg). The overall PBDEs concentrations exceeded the EQS value of 8.5 

ng/Kg in fourteen out of sixteen tested samples (only N. Melanostomus and Platychthys flesus 

(muscle, UA) PBDE total content was below EQS). Rapana thomasiana from Georgia presented 

a high total PBDEs concentration up to 883 ng/Kg, while an extreme value of 2809 ng/Kg, up 

to 330 times higher than the recommended EQS value, was detected in the dead dolphin 

sample UA10. Fig. VI.1.2 shows the distribution of PBDEs in the tested biota samples. The dead 

dolphin UA 10 could not been plotted in the same graph due to extreme PBDEs total content 

(PBDE28+33: 64 ng/Kg, PBDE47: 1431 ng/Kg, PBDE 99: 96 ng/Kg, PBDE100: 552 ng/Kg, 

PBDE153: 91 ng/Kg, PBDE154: 563 ng/Kg and PBDE183: 9.7 ng/Kg). The distribution of every 

PBDE in the three different analyzed groups of samples (mollusks, fish UA and fish GE) is 

presented in Table VI.1.7.
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Figure VI.1.2. PBDEs (ng/Kg) in biota samples from 
Ukrainian, Georgian and Russian area, August/September 2017.
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Table VI.1.7. Concentrations of PBDEs (ng/Kg) in 3 mollusks, 4 fish from Ukraine and 6 fish 
from Georgia, August/September 2017. 

PBDEs 
Group of 
samples 

Mean 
(ng/Kg) 

Median 
(ng/Kg) 

Min 
(ng/Kg) 

Max 
(ng/Kg) 

StdDv 
(ng/Kg) 

2013/39/EC 
Directive EQS 

(ng/Kg) 

LOD/ 
LOQ 

(ng/Kg) 

% Frequency 
of detection 

PBDE-
28+33 

Mollusks 1.3 0.88 0.14 3.0 1.5 

8.5* 
0.010/ 
0.030 

100 

Fish UA 2.7 0.55 0.14 9.4 4.5 

Fish GE 2.3 1.8 0.039 6.2 2.5 

PBDE-47 

Mollusks 119 11 4.4 341 192 

Fish UA 26 6.3 1.8 88 42 

Fish GE 46 42 2.3 95 41 

PBDE-99 

Mollusks 54 4.5 2.7 154 87 

Fish UA 4.3 0.70 0.41 16 7.5 

Fish GE 26 5.6 0.49 112 44 

PBDE-100 

Mollusks 90 6.8 2.5 262 149 

Fish UA 7.0 1.7 0.48 24 11 

Fish GE 14 9.3 1.3 43 15 

PBDE-153 

Mollusks 13 1.1 0.26 39 22 

Fish UA 1.4 0.34 0.27 4.5 2.1 

Fish GE 4.3 1.5 0.27 18 6.7 

PBDE-154 

Mollusks 26 3.8 1.1 73 40 

Fish UA 5.8 2.4 0.33 18 8.3 

Fish GE 14 9.8 3.4 39 13 

PBDE-183 

Mollusks 5.1 1.7 0.27 14 7.3 

Fish UA 0.41 0.43 0.47 0.76 0.30 

Fish GE 0.36 0.26 0.059 0.84 0.29 

*The value refers to the sum of PBDE 28/33, 47, 99, 100, 153, 154 & 183 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Fourteen out of sixteen tested biota samples, exceeded the EQS value of of 8.5 ng/Kg. In 

particular, the range of total BDEs was: 21-883 ng/Kg in mollusks, 12-308 ng/Kg in Georgian 

fish samples, 16-160 in Ukrainian fish samples above EQS, 235-2809 in dead dolphins and 58 

in the Russian fish sample. Five samples in total exceeded the EQS value more than two orders 

of magnitude. 

Organochlorine pesticides (OCPs) 

Aldrin, dieldrin, heptachlor, hexachlorobenzene, hexachlorobutadiene, para-para-DDT, DDE, 

DDD, hexachlorocyclohexane isomers, alpha-endosulfan and endosulfan-sulfate were 

detected in biota samples, while endrin, isodrin, dichlorvos, dicofol, heptachlor epoxide, o-p-

DDT were <LOD. Although, DDE was the most frequently detected OCP (100% of detection 

frequency), para-para-DDT was the compound detected in the highest concentration (59 

μg/Kg in dead dolphin UA10). Heptachlor was detected only in two samples; the fish sample 

from Zmiinyi island (whole fish, UA) and Alosa kessleri portico (muscle, GE). In the fist sample, 

the concentration of heptachlor (0.013 μg/Kg), was up to two times higher than the set EQS 

value of 0.0067 μg/Kg. An extreme value of 83 μg/Kg of total OCPs was detected in dead 

dolphin UA10, mainly attributed to the presence of DDT compounds and especially para-para-

DDT and DDE. Moreover, a specific trend of higher OCPs total concentration in whole fish 

samples compared to their respective muscle samples was observed (Fig. VI.1.3). Statistic data 

for the detection of OCPs in the analyzed biota samples are provided in Table VI.1.8., while 

the LODs of the OCPs are presented in the Table VI.1.9.  
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Figure VI.1.3 OCPs (μg/Kg) in biota samples from 
Ukrainian, Georgian and Russian area, August/September 2017.
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Table VI.1.8. Concentrations of OCPs (μg/Kg) in 3 mollusks, 4 fish from Ukraine and 
6 fish from Georgia, August/September 2017. 

OCPs 
Group 

of 
samples 

Mean 
(μg/Kg) 

Median 
(μg/Kg) 

Min 
(μg/Kg) 

Max 
(μg/Kg) 

StdDv 
(μg/Kg) 

LOD/ 
LOQ 

(μg/Kg) 

2013/39/EC 
Directive 
EQS (μg 

/Kg) 

% 
Frequency 

of 
detection 

Aldrin 

Mollusks 0.052 0.066 0.020 0.071 0.028 
0.0051/ 
0.00152 

- 100 

Fish UA 0.61 0.67 0.13 0.96 0.35 100 

Fish GE 0.66 0.59 0.082 1.1 0.37 100 

Dieldrin 

Mollusks <0.0079 - 
0.0079/ 
0.024 

- 0 

Fish UA 0.36 - 25 

Fish GE 0.060 - 16.7 

Hexachlorobenzene 

Mollusks 0.047 0.049 <0.020 0.082 0.036 

0.0067/ 
0.020 

10 100 

Fish UA 
0.016 

(<0.020) 
0.010 

(<0.020) 
<0.020 0.47 0.27 75 

Fish GE 0.20 0.14 0.046 0.51 0.18 100 

Hexachlorobutadiene 

Mollusks 0.016 0.012 <0.011 0.029 0.012 

0.0038/ 
0.011 

55 100 

Fish UA 0.013 
0.0056 

(<0.011) 
<0.011 0.062 0.028 100 

Fish GE 0.014 
0.010 

(<0.011) 
<0.011 0.028 0.0097 100 

para-para-DDT 

Mollusks <0.011 - 
0.0038/ 
0.011 

- 33.3 

Fish UA 0.036 0.039 <0.011 0.062 0.028 75 

Fish GE 4.7 0.0019 0.015 19 9.3 66.7 

DDE 

Mollusks 2.1 1.8 0.36 4.2 2.0 
0.0035/ 
0.010 

- 100 

Fish UA 1.6 1.6 0.30 2.9 1.3 100 

Fish GE 1.6 0.74 0.14 7.1 2.7 100 

DDD 

Mollusks 0.63 0.63 0.17 1.1 0.46 
0.007/ 
0.023 

- 100 

Fish UA 1.3 0.93 0.024 3.4 1.5 100 

Fish GE 0.27 0.15 0.053 0.63 0.25 100 

α-HCH 

Mollusks 
0.012 

<0.014 
0.007 

<0.014 
<0.014 0.022 0.0090 

0.0045/ 
0.014 

- 
100 

Fish UA 0.03 - 25 

Fish GE 0.018 0.017 <0.014 0.032 0.012 83.3 

β-HCH 

Mollusks 0.30 0.21 0.17 0.51 0.18 
0.0057/ 
0.017 

- 100 

Fish UA 0.94 0.099 0.050 3.5 1.7 100 

Fish GE 2.3 2.2 0.17 5.7 2.1 100 

δ-HCH 

Mollusks 
0.014 

(<0.020) 
0.014 

(<0.020) 
<0.020 0.010  

0.0050/ 
0.015 

- 
66.7 

Fish UA 0.058 0.058 <0015 0.11 0.07 50 

Fish GE 0.037 - 16.7 

 

Table VI.1.9. LODs, LOQs and EQS of the non-detected OCPs. 
OCPs LOD/ LOQ (μg/Kg) 2013/39/EC Directive EQS (μg/Kg) 

Endrin 0.10/ 0.30 - 

Isodrin 0.17/ 0.50 - 

Dichlorvos 0.0033/0.0099 - 

Dicofol 0.011/0.032 33 

Heptachlor epoxide 0.0010/0.0030 0.0067** 

Hexabromocyclododecane 3/15 167 

γ-HCH 0.0037/0.011  

o-p-DDT 0.0076/0.024  

*expressed as sum of Heptachlor and Heptachlor epoxide. 
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Assessment of chemical status according to the EQS Directive 2013/39/EU 

Dicofol, heptachlor epoxide, hexabromocyclododecane were <LOD (Table VI.1.9)  in 
every tested sample. Although hexachlorobenzene and hexachlorobutadiene 
presented a high detection frequency of 84 and 89%, respectively, their maximum 
measured concentrations (0.53 and 0.034 μg/Kg, respectively) are up to two orders of 
magnitude lower than the respective EQS values (10 and 55 μg/Kg, respectively). 
Heptachlor was detected at 0.013 μg/Kg in the fish sample from Zmiinyi island (whole 
fish, UA), exceeding EQS value of 0.0067 μg/Kg. 

Risk assessment of pollution of the Black Sea by organic pollutants 

The risk assessment results for the detected endosulfan-sulfate are provided in Table 
VI.1.10.  

Table VI.1.10: Calculated PNECs endosulfan-sulfate detected in biota. 
 PNECs (ng/L) 

 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Endosulfan-sulfate 950 1,010* 8,800 

*Experimental proof is needed 

Dioxins and dioxin-like compounds 

The determination of dioxins and dioxin-like compounds was performed in all biota 

samples, except for the three whole fish samples. 

Three classes of compounds were included in this analysis: polychlorinated dibenzo-

p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and dioxin-like 

polychlorinated biphenyls (PCB-DL). Each category comprises of the following 

contaminant. 

- PCDDs: 2,3,7,8-TeCDD, 1,2,3,7,8-PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD, 

1,2,3,7,8,9-HxCDD, 1,2,3,4,6,7,8-HpCDD and OCDD. 

- PCDFs: 2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 

1,2,3,6,7,8-HxCDF, 1,2,3,7,8,9-HxCDF, 2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDF, 

1,2,3,4,7,8,9-HpCDF and OCDF 

- PCB-DL: PCB 77, 81, 126, 169, 105, 114, 118, 123, 156, 157, 167, 189, 28, 52, 101, 

138, 153 & 180 (the underlined PCBs are not included in 2013/39/EC Directive). 

Dead dolphin UA10, presented the highest content in NDL-PCB, reaching up to 150 

μg/Kg, a concentration up to 473 times higher than the rest tested samples. High NDL-

PCB were also detected in the dead dolphin UA9, Rapana thomasiana from Georgia 

and the fish sample from Zmiinyi island, with total concentration of 12,2, 15 and 24 

μg/Kg. The total PCDD+PCDF+ PCB-DL in ng/Kg toxic equivalents (TEQ) ranged from 

0.232 to 0.392 in mollusks, from 0.036 to 3.61 in fish from Ukrain and from 0.039 to 

345 in fish from Georgia. The Georgian fish sample Trachurus trachurus and dead 

dolphin UA9, exceeded the EQS value, with total PCDD+PCDF+ PCB-DL concentrations 

up to 345 and 21.2 ng/Kg TEQ. The results presented in Fig. VI.1.4, depict the sum of 

measurement of PCDD+PCDF+ PCB-DL in ng/Kg toxic equivalents (TEQ), while the 

results for the NDL-PCBs are presented in Fig. VI.1.5 (in ng/Kg).
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Figure VI.1.4 PCDD+PCDF+ PCB-DL in ng/Kg toxic equivalents (TEQ), in biota samples from 
Ukrainian, Georgian and Russian area, August/September 2017.

45

145

245

345

445

0

2

4

6

8

Soft body Soft body Soft body Muscle Muscle Muscle Muscle Muscle Muscle Muscle Muscle Muscle Muscle Muscle Dead Dolphin Dead Dolphin

UA-Molusks UA-Rapana GE-Rapana GE-Brabulka UA-Round
Goby

UA-fish-Zminij UA-M.
Batrach.

UA-P. Flesus GE-M.
Barbathus

GE-A. K.
Portica

GE-U. Scaber GE-P. Saltatrix GE 7-
Trachurus t.

RU 8-K. Mullet UA 10 (Oks. 2) UA 9 (Oks. 1)

To
ta

l P
C

D
D

/F
-P

C
B

 (
n

g/
 K

g 
TE

Q
)

Total PCDD/F-
PCB

0.0390.036



Scientific Report – Joint Black Sea Surveys 2017 

 

479 

 

Figure VI.1.5 NDL-PCBs in biota samples from 
Ukrainian, Georgian and Russian area, August/September 2017.
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Assessment of chemical status according to the EQS Directive 2013/39/EU 

The concentrations of the compounds of PCDD, PCDF and PCB-DL classes, that are included in 

2013/39/EU Directive, were taken into consideration for expressing the total dioxins and 

dioxin-like concentration in μg/kg TEQ (toxic equivalents). TEQs, are used to report the 

toxicity-weighted masses of mixtures of dioxins. The TEQ method of dioxin reporting is more 

meaningful than simply reporting the total number of grams of a mixture of variously toxic 

compounds because the TEQ method offers toxicity information about the mixture. The 

results indicated that all testd samples were <EQS value of 6.5 ng/Kg TEQ, apart from the fish 

sample Trachurus trachurus (GE) and the dead dolphin UA9, with concentrations up to 53 and 

3.2 times higher than the EQS. 

Heavy Metals (HM)  

The total metals concentrations ranges in the tested samples were: 393-2540 μg/Kg in 

mollusks, 93-311 μg/Kg in Ukrainian fish, 10 (<LOQCd)-836 μg/Kg in Georgian fish and 618-1031 

μg/Kg in dead dolphins. All tested metals were <LOD in the fish sample from Russia, N. 

Melanostomus (muscle, UA), Alosa kessleri portico and Pomatomus saltatrix (muscle, GE). 

Mercury was the metal with the highest detection frequency of 59%, while cadmium was 

detected in the highest concentration of 2557 μg/Kg in Rapana thomasiana from Ukraine. In 

general, total metals concentrations up to one order of magnitude higher compared to the 

rest of the samples, were detected in both Georgian and Ukrainian Rapana thomasiana 

samples (2540 and 2842 μg/Kg, respectively) (Fig. VI.1.6). Furthermore, six out of the tested 

samples (including the two dead dolphins exceeded the EQS value of mercucy) 

Table VI.1.11. Concentrations of Heavy Metals (μg/Kg) in 3 mollusks, 4 fish from Ukraine 

and 6 fish from Georgia, August/September 2017. 

Elements 
Analyzed 

matrix 
Mean 

(μg/Kg) 

Median 

(μg/Kg) 

Min 
(μg/Kg) 

Max 
(μg/Kg) 

StdDv 

(μg/Kg) 

2013/39/EC 
Directive EQS 

(μg /Kg) 

No of 
samples 
>EQS 

LOD/ 
LOQ 

(μg/Kg) 

% 
Frequency 
of detection 

Cd 

Mollusks 1501 1739 207 2557 1193 

- - 6.6/20 

100 

Fish UA <20 - 25 

Fish GE <20 - 17 

Pb 

Mollusks 260 260 <95 472 300 

- - 32/95 

66.7 

Fish UA <32 - 0 

Fish GE <32 - 0 

Ni 

Mollusks 223 218 186 265 40 

- - 33/99 

100 

Fish UA <33 - 0 

Fish GE 115 - 17 

Hg 

Mollusks 41 41 <39 63 31 

20 

1 

13/39 

66.7 

Fish UA 104 104 93 115 16 2 50 

Fish GE 37 19 <9 72 30 1 50 
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Figure VI.1.6 Metals (μg/Kg) in biota samples from 
Ukrainian and Georgian area, August/September 2017. 
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Assessment of chemical status according to the EQS Directive 2013/39/EU 

The concentration of Hg in six samples: Rapana thomasiana (GE), Mesogibius 

batrachocephalus and Platychthys flesus (muscles, UA), Uranoscopus scaber (muscles,GE) and 

in the two dead dolphins from Ukraine, exceeded the EQS value (20 μg/Kg). In particular, the 

detected concentrations in dead dolphins UA10 and UA9, were 52 and 14 times higher than 

the EQS, whereas a extreme values of 93 and 114 μg/Kg were detected in Mesogibius 

batrachocephalus and Platychthys flesus (muscles, UA), respectively. 

Risk assessment of pollution of the Black Sea by organic pollutants  

The use of toxicity prediction models and the calculation of PNECs is not applicable for 

elements. 

Organotin compounds 

Six organotin compounds were determined in all tested biota samples, among them 

diphenyltin and triphenyltin hydride were detected only in two Georgian fish (muscle) 

samples, Barabulka and Alosa kessleri portico at 0.37 and 8.5 μg diphenyltin/Kg and at 2.7 and 

2.6 μg triphenyltin hydride/Kg respectively. Only tributyltin was detected only in the two dead 

dolphins samples at 2.6 (UA10) and 2.1 μg/Kg (UA9). All determined organotin compounds 

were <LOD in Mesogibius batrachocephalus fish sample from Ukrain. Tributyltin was the 

organotin with the highest frequency of detection at 79%, whereas the highest measured 

concentration is attributed to monobutyltin in Kefal-Mullet fish sample from Russia. The total 

organotins concentration in Kefal-Mullet fish sample from Russia (34 μg/Kg) is up to 114 times 

higher that the other tested samples. The results are presented in Fig. VI.1.7, while statistical 

data are provided in Table VI.1.12.
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Figure VI.1.7  Organotin compounds in biota samples from Ukrainian, Georgian and Russian area, August/September 2017.
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Table VI.1.12. Concentrations of organotins (μg/Kg) in 3 mollusks, 4 fish from Ukraine and 
6 fish from Georgia, August/September 2017. 

Organotins 
Group of 
samples 

Mean 
(μg/Kg) 

Median 

(μg/Kg) 

Min 
(μg/Kg) 

Max 
(μg/Kg) 

StdDv 
(μg/Kg) 

LOD/ LOQ 

(μg/Kg) 

% Frequency 
of detection 

Monobutyltin 

Mollusks 0.34 - 
0.0016/ 

0.049 

33.3 

Fish UA 0.28 - 25 

Fish GE 0.16 0.16 0.10 0.22 0.082 33.3 

Dibutyltin 

Mollusks 2.0 1.8 0.54 3.7 1.6 
0022/ 

0.065 

100 

Fish UA 0.22 0.22 0.10 0.34 0.17 50 

Fish GE 0.40 0.40 0.15 0.64 0.34 33.3 

Tributyltin 

 

Mollusks 2.9 1.1 0.98 6.6 3.2 
0.012/ 

0.035 

100 

Fish UA 0.50 0.50 0.046 0.96 0.64 50 

Fish GE 0.26 0.21 <0.035 0.59 0.21 100 

Monophenyltin 

 

Mollusks 0.64 - 
0.053/ 

0.16 

33.3 

Fish UA 2.2 2.2 1.2 3.1 1.3 50 

Fish GE 1.9 2.2 0.26 2.9 1.1 66.7 

 

Risk assessment of pollution of the Black Sea by organic pollutants  

The use of toxicity prediction models and the calculation of PNECs is not applicable for 

organotin compounds. 

Emerging Contaminants 

In total, eighty one ECs were detected in the analyzed biota samples. The number of detected 

ECs and their total concentration are listed in Table VI.1.13. 

Table VI.1.13. No. of detected ECs and their total detected concentration in biota samples 

from Ukrainian, Russian and Georgian area, August/September 2017. 

Species Sampling station Matrix of analysis 
No. of detected 

 compounds 
Total concentration 

of ECs (μg/Kg) 

Molusks, Mytilus 
galloprovincialis 

 Ukraine Soft body 30 
199 

Rapana thomasiana Ukraine Soft body 9 57 

Rapana thomasiana Georgia Soft body 11 168 

Fish, Barabulka Georgia 
whole fish 11 59 

muscle tissue 7 42 

Fish, N. Melanostomus 
(Round Goby) 

Ukraine 
whole fish 9 73 

muscle tissue 8 35 

Fish 
Zmiinyi island, 

Ukraine 

whole fish 12 128 

muscle tissue 8 42 

Fish, Mesogibius 
batrachocephalus 

Ukraine muscle tissue 2 
11 

Fish, Platychthys flesus Ukraine muscle tissue 7 152 

Fish, Mullus barbathus 
Batumi gorochi, 

Georgia 
muscle tissue 

4 
49 

Fish, Alosa kessleri portica Batumi, Georgia muscle tissue 11 178 

Fish, Uranoscopus scaber 
Batumi gorochi, 

Georgia 
muscle tissue 

9 
1172 

Fish, Pomatomus saltatrix Batumi, Georgia muscle tissue 7 1288 
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Species Sampling station Matrix of analysis 
No. of detected 

 compounds 
Total concentration 

of ECs (μg/Kg) 

Fish, Trachurus trachurus 
(GE 7) 

Batumi gorochi, 
Georgia 

muscle tissue 
4 

28 

Fish, Kefal-Mullet (RU 8) Sochi, Russia muscle tissue 12 2324 

Dead Dolphin (UA 10) Oksana, Ukraine muscle tissue 20 665 

Dead Dolphin (UA 9) Oksana, Ukraine muscle tissue 15 803 

 

The biota sample with the highest total ECs concentration is the fish sample Kefal-Mullet  from 

Russia, with concentration levels up to 2324 μg/Kg. The samples with high detection frequency 

of ECs were Mytilus galloprovincialis and dead dolphin UA10 from Ukraine, with 31 and 20 

detected ECs, respectively. The distribution of each class of ECs as a part of the total pollution 

of the a) 3 mollusks samples from Ukraine and Georgia, b) 4 fish from Ukraine (muscle), c) 6 

fish ssamples from Georgia and d) 2 dead dolphins from Ukraine, is depicted in Fig. VI.1.8.  

Fish samples from Georgia were dominated by the presence of pharmaceuticals (98% of EPs 

pollution), whereas, pharmaceuticals and pestices share the highest pollution percentage in 

the tested Ukrainian fish samples. The ECs detection in the two dead dolphins is mainly 

attributed to pharmaceuticals (44%), drugs TPs (22%) and pesticides TPs (32%). Stimulants 

were detected only in mollusks (0.75%), whereas industrial chemicals presented the highest 

% contribution in mollusks (14%). The drugs of abuse were hardly observable in the pie chart 

of mollusks (0.27%), fish from Ukraine (0.72%) and dead dolphins (1.9%). It should be noted 

that detected naturally occuring compounds and steroids were not reported in biota samples, 

since they are endogenous compounds and cannot be considered as emerging pollutants in 

this matrix.  For example, histamine, histidine, adenine, adenosine, 2-phenethylamine and 

tyramine and were detected but not reported. 



Scientific Report – Joint Black Sea Surveys 2017 

 

486 

 

Figure VI.1.8. The distribution of the detected classes of ECPs in biota samples from 
Ukrainian and Georgian area, August/September 2017. 

In order to visualize the pollution in each tested biota sample and to zoom in, in the 

distribution of less concentrated classes of ECs, a double-paneled graph was created (Fig. 

VI.1.9). 
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 Figure VI.1.9 Emerging Contaminants (μg/Kg) in biota samples from 

Ukrainian, Georgian and Russian area, August/September 2017
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Pharmaceuticals  

Pharmaceuticals were the most frequently detected EPs class, since a total number of forty 

nine pharmaceuticals were detected in all tested samples. The highest pharmaceutical 

concentration was attributed to sulfadiazine detection in Kefal-Mullet fish from Russia, with a 

concentration of 2007 μg/Kg. Salicylic acid and cytarabin reached a high frequency of 

detection of 63 and 74%, respectively. The sample where the highest number of 

pharaceuticals were detected, 20 compounds, was Mytilus galloprovincialis from Ukraine. 

Sixteen pharmaceuticals, including oxprenolol, sulfamethoxazole, terconazole and imidocarb, 

were detected n in mollusk samples. 

Pharmaceuticals TPs 

Among the detected PharmaceuticalsTPs, 4-formylamino-antipyrine was the most frequently 

detected compound, 53% of detection frequency, whereas, ranitidine-N-oxide was detected 

at the highest concentration level, reaching up to 262 μg/Kg in deads dolphin UA9. Tramadol-

O-Desmethyldinor was detected only in the two mollusks from Ukraine. Pharmaceutical TPs 

were not detected in nine of the tested biota samples (5 fish samples from GE (3 muscle, 1 

whole fish and  1 mollusks) and  4 fish samples from UA (3 muscle and 1 whole fish). 

Drugs of abuse and Stimulants 

Three drugs of abuse were detected in total (dimethyltryptamine, fenproporex and 

amphetamine-n-ethyl). Dimethyltryptamine and fenproporex were detected at <LOQ levels of 

1.2 μg/Kg in Mytilus galloprovincialis from UA, while amphetamine-n-ethyl was mainly 

detected in the fish sample from Zmiinyi island in both tested matrices. Anabasine was the 

only stimulant detected in biota samples at <LOQ levels (6.3 μg/Kg) in Mytilus galloprovincialis 

from UA. 

Pesticides & Pesticides TPs 

Pesticides were mainly detected in fish samples from Ukraine and mollusks. Glufosinate and 

myclobutanil were detected with high detection frequency of 58 and 42%, respectively. The 

maximum number of pesticides, 5 compounds, was detected in the fish from Zmiinyi island 

(whole fish), including imazamox, chlormequat and chlordimeform. Seven pesticides TPs were 

detected, most of them (metamitron-desamino, terbuthylazine-desethyl, alachlor-ESA, 

alachlor-OXA and carbofuran-3-hydroxy) at <LOQ levels (1.5, 5.6, 20, 27 and 0.60 μg/Kg, 

respectively). Atrazine-desisopropyl and metolachlor-morpholinon were detected in 

concentartions up to 296 and 73 μg/Kg, respectively in dead dolphins. 

Industrial chemicals 

Two inductrial chemicals were detected in biota samples. Diphenylamin-4-

(dimethylbutylamino) (6PPD)  was detected omly in two samples, reaching a maximum 

concentration of 60 μg/Kg in Rapana thomasiana from Georgia. Tributylamine was detected 

at <LOQ levels (2.4 μg/Kg) in Pomatomus saltatrix fish from Georgia. 
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Risk assessment of pollution of the Black Sea by organic pollutants  

The risk assessment results for the detected emerging contaminants that were detected in 

biota samples and not in seawater/sediments are provided in Table VI.1.14. Very low PNECs 

were estimated for terconazole, mequitazine, 6PPD, chloroquine and imidocarb in algae. 

Table VI.1.14: Calculated PNECs of emerging contaminants detected only in biota. 

 PNECs (ng/L) 
 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Aceclidine 104,800 45,149 55,878 
Alachlor-ESA 58,473 122,239 9,980 

Alachlor-OXA 69,956 11,332 6,704 

Amphetamine-N-Ethyl 7,747 44,727 13,057 
Befunolol 26,392 3,027 4,278 

Chlordimeform 8,958 7,104 & 20,700a 1,232 

Chlormequat 210,438 1,140,024 672,900 
Chloroquine 1,147 1,062 26 

Cycloheximide 98,333 67,753 44,908 & 5,000b 

Deprenyl 10,881 28,874 9,650 

Diphenylamin-4-
(dimethylbutylamino) (6PPD) 

527 181 45 

DMT (Dimethyltryptamine) 40,170 15,465 2,025 

Dobutamine 46,964 13,549 997 
Fenbuconazole 4,239 1,415 & 2,300c 132 

Fenproporex (NARL) 10,623 76,649 7,444 

Fluconazole 624,379 20,894 1,043* 
Fluroxypyr 78,194 35,480 10,506 

Gallopamil 858 332 82* 

Gemfibrozil 14,047 5,560 & 500d 7,575 

Glufosinate 444,636 1,074,630* 198,829 
Homatropine 46,596 14,461 14,034 

Ibuprofen 8,302 1,020 9,546 

Imazamox 419,606 55,838 5,563 & 11e 
Imidocarb 137,928 43,296 18* 

Isoniazide 131,740 426,636 48,436 

Mequitazine 1,910 1,127 49 
Metalaxyl 45,082 39,996 & 20,000f 11,105 

Metamitron-desamino 80,224 6,393 3,452 

Methfuroxam 8,397 2,236 4,193 

Metolachlor-morpholinon 9,961 39,007 8,676 
Myclobutanil 13,473 2,158 & 4,000g 987 

Nabumetone 3,534 1,872 4,678 

Napropamide 11,351 2,354 986 & 5,100h 
Nifoxipam 74,983 274 711 

Nitrazepam- 7-Amino 108,580 8,164 672 

Norethisterone 1,151 16,202* 5,800 

Norethisterone acetate 4,516 4,109* 9,362 
Ofloxacin 81,511 1,457* 3,895 & 21i 

Oxfendazole 7,472 16,489 154  & 1,170j 

Phendimetrazine 57,769 70,415 28,148 
Phenelzine 73,187 138,293 18,740 

Phenformin 30,245 203,779 1,978 

Procaine 71,611 69,341 3,869 
Promazine-Propionyl 1,303 1,875 85 

Promecarb 9,821 3,183 & 310k 12,131 

Propafenone-N-Desmethyl 87,049 1,813 3,110 

Pyribenzamine (Tripelenamine. 
Azaron) 

16,244 33,535 515 

Ranitidine-N-oxide 42,002 116,244 21,480 
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 PNECs (ng/L) 
 Daphnia magna(48h) Pimephales promelas (96h) Algae (72h) 

Simvastatin 6,778 423* & 2,630l 1,593 

Sulfachloropyridazine 10,784 8,228 729 & 32,250m 

Sulfadiazine 263,280 404,622 1,268 & 1,000n 
Sulfamethoxazole 57,623 40,574 3,076 

Terconazole 396 3,494 3* 

Tetracaine 5,583 14,151 962 
Tetryzoline 16,529 26,677 1,596 

Tilidine 2,162 6,051 5,580 

Tinidazole 16,826 17,669 28,722 
Tributylamine 1,760 2,150 837 

Trimethoprim 135,317 62,558 308 

Tromantadine 29,292 26,742 4,757 

Tropisetron 9,594 742 868 
*Experimental proof is needed 
aExperimental P-PNEC in Ictalurus punctatus, AF=1000 (Aquire 6797) 
bExperimental PNEC aqua (freshwater) in SSD, AF=5 (ECHA DOSSIER (03/2018)) 
cAA-QSwater_eco  in Pimephales promelas, AF=10 (INERIS (2017)) 
dExperimental PNEC chronic in Danio rerio, AF=10 (Aquire 168263) 
eExperimental PNEC in Lemna gibba, AF=1000 (Aquire 344) 
fAA-QSwater_eco PNEC in invertebrates, AF=50 (INERIS (2017)) 
gExperimental PNEC chronic in Oncorhynchus mykiss, AF=50 (Footprint (2018)) 
hAA-EQS PNEC in Algae, AF=1000 (OZ (2017) EQS Dossier) 
iExperimental P-PNEC in Microcystis aeruginosa, AF=1000 (Aquire 80421) 
jExperimental PNEC acute in Daphia magna, AF=1000 (Footprint (2018)) 
kExperimental PNEC acute in Oncorhynchus mykiss, AF=1000 (Footprint (2018)) 
lExperimental PNEC acute in Fundulus heteroclitus, AF=1000 (Aquire 117645) 
mExperimental PNEC acute in Chlorella fusca var. vacuolata, AF=1000 (Aquire 153881) 
nExperimental P-PNEC in Phaeodactylum tricornutum, AF=10 (Aquire 165845) 

The PNECs for the commonly detected compounds in biota and seawater (anabasine, 

antipyrine- 4-formylamino, apophedrin  (phenylethanolamine), salicylamide, salicylic acid, 

atrazine-desisopropyl, carbofuran-3-hydroxy, cimetidine, DEET (diethyltoluamide), 

ephedrine, guaifenesin, lidocaine, propamocarb, sotalol, terbuthylazine-desethyl and 

tramadol-O-desmethylnor) are provided in Table V.3.10, whereas the risk assessment results 

for the compounds that have  also been detected in sediments (cytarabin, oxprenolol, 

rizatriptan and tranylcypromine), are provided in Table V.3.16. 

Overall pollution 

The cumulative graph of biota pollution, including priority substances and ECs, is presented in 

Fig. VI.1.10. The total concentrations per class of pollutants were calculated in every sample 

and the maximum value was considered as 100. The rest samples were normalized according 

to this maximum value. So, if a sample was the most polluted one in all the reported classes 

of pollutants (14 in total), its normalized pollution would be 1400 (maximum sum of 

normalized pollution per class of pollutants). It should be highlighted that two classes of 

compounds,  dioxins and dioxin like compounds and PBDEs were not determined in the three 

whole fish samples, so the maximum sum of normalized pollution for these three samples is 

equal to 1200. The total number of detected pollutants per sample is presented in the upper 

cluster of the graph as a pollution marker. The maximum values per class of pollutants are 

listed in Table VI.1.15. 
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Figure VI.1.10 Normalized pollution cumulative chart for biota from 
Ukrainian, Russian and Georgian area, August/September 2017. 
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The Georgian fish sample from Batumi (whole body matrix) is by far the most polluted one, 

while the maximum number of detected priority substances and emerging contaminants, was 

observed in the mussels sample from Batumi. 

Table VI.1.15. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total 
concentration (μg/Kg) 

Sample with maximum concentration 

PAHS 16 Dead dolphin UA10 (UA) 

PBDEs 2.8 Dead dolphin UA10 (UA) 

Metals 2842 Rapana thomasiana (UA) 

OCPs 83 Dead dolphin UA10 (UA) 

Dioxins and Dioxin-like 
compounds 39 

Dead dolphin UA10 (UA) 

PFCs 204 Dead dolphin UA10 (UA) 

Organotins 34 Fish, Kefal-Mullet (muscle, RU) 

Drugs of abuse 27 Dead dolphin UA10 (UA) 

Drugs TPs 315 Dead dolphin UA9 (UA) 

Industrial Chemicals 60 Rapana thomasiana (GE) 

Pesticides 85 Platychthys flesus (muscle, UA) 

Pesticides TPs 320 Dead dolphin UA10 (UA) 

Pharmaceuticals  2315 Fish, Kefal-Mullet (muscle, RU) 

Stimulants 3.2 Mytilus galloprovincialis (UA) 

 

VI.1.2. Suspect and non-target screening of Black Sea pollutants in 
biota by LC-HR-MS and GC-(HR)-MS techniques 

 Samples 

All biota samples from EMBLAS-II survey 2017 (sixteen biota samples and three whole biota 

samples, which are indicated with sample number followed by letter “B”) were analyzed by 

LC-QToFMS and processed through a non-target and suspect screening workflow for the 

generation of DCTs and the subsequent suspect screening. The same methodology was 

followed as previously described for seawater and sediments (Methods - Instrumental 

Analysis and Data Treatment, Chapter V.3). 

VI.1.2.1.1. Results and Discussion 

A summary of the number of components for each sample, possible annotations from 

NORMAN SusDat and tentative identifications are summarized in Table VI.1.16. The number 

of components in biota samples was higher comparing with seawater or/and sediment 

samples. This was caused by the fact that no sample-preparation method exists to separate 

the emerging substances from the naturally-occuring substances coming from the biota. 

Moreover, biota have a uniquely complex matrix, which makes identification of emerging 

substances more challenging. The identification results can be found in Table D (Appendix of 

Chapter VI.1). Most of the identified substances are naturally-occuring products with the 

exception of five substances, all of them of industrial use (such as phosphates, surfactants, 

plasticizers) and were also detected in seawater or/and sediment samples. In detail, the 

surfactant Lauramine oxide was detected in Barabulka Fish from Georgia, the phosphate ester 
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Tri(butoxyethyl)phosphate was detected in Rapana thomasiana from Georgia and the 

plasticizer N-butylbenzenesulphonamide was detected in Rapan thomasiana from Ukraine. 

Triisobutyl phosphate was detected in three biota samples (Platychthys flesus fish from 

Ukraine,Rapana thomasiana from Georgia and from Ukraine) and N,N-bis(2-

hydroxyethyl)dodecanamide in five biota samples (Fish from Zmiinyi island, Barabulka Fish 

from Georgia, Rapana thomasiana from Ukraine, whole Barabulka fish from Georgia and 

whole N. Melanostomus fish from Ukraine). The PNEC values for the commonly identified 

contaminants through non-target screening in biota and seawater/sediment are summarized 

in Table V.3.20. 

Table VI.1.16. LC-ESI-QToF components, possible annotations and identifications per 

sampling station. 

Biota sample 

Number of 

components 

(Positive;Negative 

ESI) 

Possible 

Annotations 

Cases with 

match of more 

than 6 in-silico 

fragments 

Identifications 

(Level 2A) 

Fish, Mesogibius batrachocephalus from Ukraine 

(Sample 01) 
4018;1399 95 3 3 

Fish, Platychthys flesus from Ukraine (Sample 02) 5005;2257 114 2 5 

Fish, Mullus barbathus from Georgia (Sample 03) 5119;2214 110 5 4 

Fish, Alosa kessleri portico from Georgia (Sample 04) 4470;2844 180 7 3 

Fish, Uranoscopus scaber from Georgia (Sample 05) 4223;2041 124 6 5 

Fish, Pomatomus saltatrix from Georgia (Sample 06) 3501;1647 104 1 6 

Fish, Trachurus trachurus from Georgia (Sample 07) 3865;1892 108 6 3 

Fish, Kefal-Mullet from Russia (Sample 08) 5405;3157 155 1 3 

Dead Dolphin from Ukraine (Sample 09) 6386;3975 176 9 9 

Dead Dolphin from Ukraine (Sample 10) 8851;4886 247 13 7 

Rapana thomasiana from Georgia (Sample 11) 8063;9216 386 25 11 

Fish, Barabulka from Georgia (Sample 12) 5971;6344 330 18 10 

Whole Fish, Barabulka from Georgia (Sample 12B) 6503;7882 360 14 7 

Rapana thomasiana from Ukraine (Sample 13) 6988;7243 322 12 6 

Mytilus galloprovincialis from Ukraine (Sample 14) 6333;1033 347 16 4 

Fish from Zmiinyi island In Ukraine (Sample 15) 6141;6546 345 16 9 

Whole Fish from Zmiinyi island in Ukraine (Sample 

15B) 
5957;6463 348 10 6 

Fish, N. Melanostomus from Ukraine (Sample 16) 5968;4731 325 11 13 

Whole Fish, N. Melanostomus from Ukraine (Sample 

16B) 
6920;8021 384 18 10 

VI.1.3. References 

[1] Daughton, C.G., Document Non-regulated water contaminants: Emerging research. Environmental Impact 
Assessment Review 2004, 24: 711–732. 

[2] Bletsou A.A., et al., Targeted and non-targeted liquid chromatography-mass spectrometric workflows for 
identification of transformation products of emerging pollutants in the aquatic environment. Trend in Analytical 
Chemisty 2015, 66: 32-44. 



Scientific Report – Joint Black Sea Surveys 2017 

 

494 

[3] Loos R. et al., EU-wide monitoring survey on emerging polar organic contaminants in wastewater treatment 
plant effluents. Water Research 2013, 17: 6475-6487. 

[4] Aalizadeh Reza et al., Prediction of Acute Toxicity of Emerging Contaminants on the Water Flea Daphnia 
magna by Ant Colony Optimization - Support Vector Machine QSTR models. Environmental Science: Processes & 
Impacts, 2017, 19(3):438-448. 

[5] Thomaidi, V.S., et al., Is there a risk for the aquatic environment due to the existence of emerging organic 
contaminants in treated domestic wastewater? Greece as a case-study. Journal of Hazardous Materials, 2015, 
283: 740-747. 

[6] Liška et al., Joint Danube Survey 3: A Comprehensive Analysis of Danube Water Quality, International 
Commission for the Protection of the Danube River 2015. 

[7] Schymanski, E. L. et al., Identifying small molecules via high resolution mass spectrometry: communicating 
confidence. Environmental science & technology 2014, 48: 2097-2098. 

 [8] Strong M. J., et al. N-Butyl benzenesulfonamide: a neurotoxic plasticizer inducing a spastic myelopathy 
in rabbits. Acta Neuropathologica 1991, 81: 235-241.  



Scientific Report – Joint Black Sea Surveys 2017 

 

495 

Appendix 
Table A: Calculated RQs of the detected contaminants in seawater with MEC > respective 
LOQ. 

  RQ values 

  Daphnia magna (48h) Pimephales promelas (96h) Algae (72h) 

Phthalates Phthalate-Diethyl 3.85×10-3 9.88×10-3 5.55×10-3 

Phenols 
2,4-Dinitrophenol (DNP) 2.35×10-3 6.51×10-3 & 8.73×10-3 f 2.75×10-2 

Bisphenol A (BPA) 8.53×10-2 0.48 0.36 

Emerging 
contaminants 

Amantadine 1.83×10-4 2.35×10-5 & 8.29×10-5 g 1.12×10-4 

2-aminobenzimidazole  5.63×10-5 1.56×10-5 6.66×10-4 

AMT (Alpha-Methyltryptamine) 8.48×10-5 7.51×10-5 7.12×10-4 

Anabasine 9.64×10-6 4.11×10-6 1.30×10-5 

Antipyrine- 4-Acetamido 1.03×10-3 2.60×10-3 3.62×10-3 

Antipyrine- 4-Formylamino 7.40×10-4 a 2.36×10-3 1.56×10-3 

Apophedrin  
(Phenylethanolamine) 

1.13×10-4 1.13×10-4 7.24×10-4 

Atrazine-2-hydroxy 2.75×10-4 4.44×10-4 
2.73×10-3 & 
1.74×10-3 i 

Atrazine-desethyl 2.32×10-4 & 1.71×10-2 b 2.55×10-4 4.01×10-2 

Atrazine-desethyl-2-hydroxy  4.99×10-6 2.02×10-5 1.57×10-4 

Atrazine-desisopropyl 8.51×10-5 2.82×10-5 1.21×10-2 

Atropine 1.04×10-4 2.45×10-4 2.27×10-4 

Azacyclonol 5.20×10-4 1.52×10-4 1.09×10-2 

Bentazone 4.66×10-4 2.60×10-4 2.30×10-3 

Benzenesulfonamide 4.51×10-4 1.20×10-4 5.69×10-4 

Benzothiazole- 2-Amino 7.15×10-5 1.50×10-5 1.23×10-3 

Benzotriazole (BTR) 3.07×10-4 8.62×10-4 3.98×10-3 

Bunitrolol 3.16×10-4 2.53×10-4 6.02×10-3 

Caffeine 5.82×10-4 & 0.12c 7.96×10-4 1.03×10-2 

Carbamazepine 1.90×10-3 & 1.01d 2.33×10-3 2.22×10-2 

Carbamazepine -10-Hydroxy 2.47×10-4 4.23×10-4 1.83×10-3 

Carbendazim 8.29×10-4 4.16×10-4 1.52×10-3 

Carboxin 4.53×10-4 1.51×10-3 1.01×10-3 

Carbuterol 3.03×10-5 5.86×10-5 5.76×10-4 

Cathine 2.43×10-4 2.52×10-4 6.27×10-4 

Chloridazone 1.31×10-4 5.46×10-4 6.80×10-4 

Chloridazone-methyl-
desphenyl 

8.17×10-6 7.01×10-6 1.40×10-5 

Cilastatin 2.71×10-4 6.59×10-4 5.39×10-3 

Cimetidine 2.43×10-4 5.45×10-3 2.15×10-2 

Cotinine 1.04×10-4 6.93×10-5 
5.47×10-4 & 
1.53×10-3 k 

Cotinine-Hydroxy 3.24×10-6 5.52×10-6 4.78×10-5 

Cycluron 5.01×10-4 1.26×10-4 6.09×10-4 

DEET (Diethyltoluamide) 1.11×10-4 1.13×10-4 3.05×10-4 

Diaveridine 3.34×10-5 3.89×10-5 1.59×10-2 

Dimethylanilin (N.N-) 2.07×10-3 3.05×10-4 1.06×10-3 

Dinoterb 1.84×10-3 4.02×10-3 3.15×10-3 

Etilefrine 1.16×10-5 1.11×10-5 6.98×10-5 

Guaifenesin 3.49×10-4 3.53×10-4 6.98×10-4 
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  RQ values 

  Daphnia magna (48h) Pimephales promelas (96h) Algae (72h) 

Ibuprofen-Carboxy 8.70×10-6 3.13×10-4 4.96×10-5 

Imidazolidinon- 1-3-Dimethyl-2- 4.67×10-5 3.71×10-6 1.29×10-4 

Ketoprofen 1.17×10-4 3.31×10-3 1.06×10-3 

Lamotrigine 1.84×10-3 6.13×10-3 0.68 & 1.89×10-3l 

Lidocaine 8.95×10-5 1.84×10-4 1.26×10-3 

Melamine 3.79×10-4 1.64×10-5 1.66 

Melperone 1.22×10-2 3.14×10-3 7.43×10-3 

Metolachlor 2.38×10-4 4.79×10-4 
1.95×10-3 & 
1.76×10-2m 

Metolachlor-ESA 8.76×10-4 8.90×10-4 9.01×10-3 

Metoprolol 1.51×10-4 2.85×10-5 9.97×10-4 

Nicotine 1.85×10-3 2.04×10-4 & 7.07×10-3 h 1.04×10-3 

Phosphate-triethyl 2.66×10-2 3.94×10-5 1.07×10-5 

Pindolol 2.27×10-3 8.20×10-3 4.92×10-2 

Prolinamide 2.34×10-4 1.51×10-5 1.85×10-4 

Prometryn 1.11×10-4 6.44×10-5 0.11 

Propazine 5.00×10-4 3.02×10-4 0.11 & 2.42×10-2 n 

Saccharine 1.28×10-4 9.39×10-5 5.57×10-4 

Salicylamide 1.56×10-4 5.74×10-4 1.40×10-3 

Salicylic acid 1.31×10-4 & 3.90×10-4e 5.19×10-5 1.85×10-4 

Sucralose 6.04×10-6 2.09×10-6 1.12×10-4 

Sulpiride 6.09×10-5 4.45×10-5 1.19×10-3 

Sulpiride-O-Desmethyl 1.70×10-6 5.82×10-6 1.34×10-4 

Sulthiame 7.96×10-5 5.19×10-5 7.66×10-4 

Telmisartan 5.10×10-5 0.12 9.03 

Terbuthylazine 3.56×10-4 3.42×10-4 0.23 

Tiapride 3.97×10-4 7.92×10-5 8.59×10-4 

Toluenesulfonamide 2.45×10-3 4.18×10-4 2.58×10-3 

 

Tolytriazole 1.27×10-3 7.70×10-4 
7.92×10-3 & 
3.09×10-4 o 

Tramadol 2.38×10-4 8.03×10-5 9.08×10-4 

Tramadol-O-Desmethylnor 2.12×10-4 1.10×10-4 8.31×10-4 

Trapidil 3.90×10-4 2.15×10-4 2.58×10-2 

Valsartan 5.77×10-4 0.37 4.19 

Venlafaxine-D L-N O-
Didesmethyl 

4.87×10-4 1.72×10-4 5.06×10-4 

Zidovudine 2.35×10-6 6.01×10-6 2.92×10-4 
aExperimental PNEC in Daphnia magna (UBA (2014) Draft EQS dossier) 
b Experimental PNEC in Hyalella azteca (CIRCA (2008) data sheet) 
c Experimental PNEC in Daphnia magna (UBA (2017) Draft EQS dossier) 
d Experimental PNEC in Daphnia magna (Aquire 152195) 
e Experimental PNEC in Daphnia longispina (Aquire 111312) 
f Experimental PNEC in Pimephales promelas (ECHA DOSSIER (03/2018)) 
gExperimental PNEC in Pimephales promelas (Aquire 12858) 
hExperimental PNEC in Lepomis macrochirus (Aquire 344) 
iExperimental PNEC in Scenedesmus quadricauda (Footprint (2018)) 
k Experimental PNEC in Lemna gibba (Aquire 73383) 
l Experimental PNEC in Desmodesmus subspicatus (etox 108794) 

m Experimental PNEC in Scenedesmus subspicatus (UBA (2016) Oberflächengewässer VO) 

n Experimental PNEC in Cyanobacteria (Footprint (2018)) 
o Experimental PNEC in Desmodesmus subspicatus (UBA (2014) Draft EQS dossier)  
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Table B. Identified substances at level 2A in seawater and sediment samples by suspect LC-
ESI-QTOF-MS analysis and samples 
in which these substances were detected. 

Name CAS SMILES Samples 

Detected Fragments in 
format mass/retention 

time (min)/absolute 
intensity 

Triisobutyl phosphate 126-71-6 
CC(C)COP(=O)(OCC(C)

C)OCC(C)C 

A-1, C-1, CW05, CW07, 
CW08, GE02, GE03, 

JOSS01, JOSS02, JOSS03, 
JOSS04, JOSS05, JOSS06, 
JOSS07, JOSS08, JOSS09, 
JOSS10, JOSS11, JOSS12, 

Sediment 1A, Sediment 
JOSS01, Sediment JOSS04 

98.98448/11.758/49660 
57.06871/11.791/46196  

Tri(butoxyethyl)phosphate 78-51-3 
CCCCOC(C)OP(=O)(OC(
C)OCCCC)OC(C)OCCC

C 

Sediment 1B, Sediment 
JOSS01, Sediment JOSS04, 

Sediment JOSS08 

199.0724/12.158/2832 
143.0101/12.158/848 

3-Hydroxy-3-methylbutanoic 
acid 

625-08-1 CC(C)(CC(=O)O)O 
A-1, C-1, CW05, CW08, 
GE01, GE02, JOSS02, 

JOSS11 

103.0545/3.532/25584 
91.05432/3.466/130388 

77.0376/3.549/22172 

N-butylbenzenesulphonamide 3622-84-2 
CCCCNS(=O)(=O)c1cccc

c1 

A-1, CW05, CW07, GE01, 
GE02, JOSS09, JOSS11, 

Sediment 1B, Sediment 1A, 
Sediment JOSS01, Sediment 
JOSS04, Sediment JOSS08 

158.0273/7.778/960 
141.0005/7.778/2704 

Benzothiazole sulfonic acid 941-57-1 
O=S(=O)(O)c1nc2ccccc2

s1 
A-1, C-1, CW05, CW07, 

CW08 
152.0167/4.382/1776 
134.0056/4.382/4336 

2'-Deoxyadenosine 958-09-8 
n2c1c(ncnc1n(c2)C3OC(

C(O)C3)CO)N 

C-1, CW05, CW07, CW08, 
GE01, GE03, JOSS01, 
Sediment 1B, Sediment 

JOSS01, Sediment JOSS04 

137.0643/3.166/6604 
136.0620/3.167/147264 

117.0557/3.233/6140 

5-Aminovaleric acid 660-88-8 C(CCN)CC(=O)O C-1 
100.0763/1.701/7968 
56.0483/1.701/9124 

Biopterin 
22150-76-

1 
O=C2\N=C(/Nc1ncc(nc12

)C(O)C(O)C)N 
C-1, GE01, GE03 

220.0827/2.40/3096 
67.02797/2.38/1500 

1-methyl-2-pyrrolidone 872-50-4 CN1CCCC1=O CW07, JOSS06, JOSS11 
69.0324/3.116/77888 
58.02755/3.166/4204 

Cyclohexylamine 108-91-8 NC1CCCCC1 CW07 
83.08464/4.115/117804 
55.05309/4.098/94816 

Lauramine oxide 1643-20-5 
CCCCCCCCCCCC[N+](

C)(C)[O-] 
CW07, JOSS01, JOSS02, 

JOSS08 
62.05888/11.292/3404 

58.06388/11.225/38316 

3-Hydroxyanthranilic acid 548-93-6 
C1=CC(=C(C(=C1)O)N)C

(=O)O 
GE02 

80.04852/3.633/41104 
53.03753/3.60/5248 

Biocytin 576-19-2 
O=C1NC2C(SCC2N1)CC
CCC(=O)NCCCCC(C(=O

)O)N 
GE02 

227.0825/3.583/2836 
84.07984/3.466/29660 

Phenylalanine 150-30-1 NC(Cc1ccccc1)C(O)=O 

GE03, JOSS03, Sediment 
1B, Sediment JOSS01, 

Sediment JOSS04, Sediment 
JOSS08 

120.0814/3.067/141216 
105.0457/3.101/4324 

93.06999/3.051/20988 
103.0548/3.067/2384 
91.05454/2.984/4524 
53.03743/3.00/3808 

Guanine 73-40-5 
Nc1nc(=O)c2[nH]cnc2[nH

]1 
GE03, JOSS01, JOSS03 

135.0292/1.917/2724 
110.0360/1.934/3296 
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Name CAS SMILES Samples 

Detected Fragments in 
format mass/retention 

time (min)/absolute 
intensity 

O-Demethylmetoprolol 
62572-94-

5 
CC(C)NCC(O)COc1ccc(

CCO)cc1 
GE03 

103.0546/3.10/27108 
74.05896/2.917/4568 

N,N-bis(2-
hydroxyethyl)dodecanamide 

120-40-1 
CCCCCCCCCCCC(=O)N

(CCO)CCO 

JOSS01, JOSS02, JOSS03, 
JOSS07, JOSS08, JOSS09, 

JOSS10, JOSS11 

106.0868/11.858/27692 
88.07493/11.858/31276 

2'-O-Methylguanosine 2140-71-8 
O=C3/N=C(/N)Nc1c3ncn
1C2OC(C(O)C2OC)CO 

JOSS01, JOSS03 
135.0297/1.918/1160 
110.0362/1.984/4276 

2-Hydroxyphenylacetic acid 614-75-5 
C1=CC=C(C(=C1)CC(=O

)O)O 
JOSS03 

95.04929/3.582/59732 
79.05325/3.582/74352 
53.03748/3.566/5724 
51.02184/3.566/5044 

2-Aminonicotinic acid 5345-47-1 c1cc(c(nc1)N)C(=O)O JOSS04, JOSS06 
121.0395/1.801/3800 
93.0450/1.804/6280 

66.03262/1.801/2668 

Cytosine 71-30-7 Nc1ccnc(=O)[nH]1 JOSS12 
95.02425/1.535/17032 
94.04005/1.535/3248 
52.01726/1.535/996 

2-(cyclohex-1-en-1-yl)-2-(4-
methoxyphenyl)acetic acid 

- 
COC1=CC=C(C=C1)C(C(

O)=O)C1=CCCCC1 
Sediment 1A, Sediment 

JOSS04, Sediment JOSS08 

165.0539/10.31/16324 
137.0596/10.31/18176 
91.05426/10.31/82364 

Isoleucine 73-32-5 
CC[C@H](C)[C@H](N)C(

O)=O 
Sediment JOSS01 

87.09911/2.085/4312 
86.09592/2.085/70448 
69.06883/2.035/34072 

8-Hydroxychinolin 1127-45-3 
C1=CC2=C(C(=C1)O)N=

CC=C2 
Sediment JOSS08 

105.0459/4.016/6112 
77.03768/4.032/4208 
53.03746/4.032/6188 

 
Table C. Identified substances at level 2A in seawater and sediment samples by suspect 
GC-APCI-QTOF-MS analysis and samples in which these substances were detected. 

Name 
CAS 
number 

SMILES 
Samples injected in GC-APCI-
QTOF 

Detected Fragments in format 
mass/retention time 
(min)/absolute intensity 

Simeton 673-04-1 
CCNc1nc(NCC)nc(O
C)n1 

SW 1A  Mariani-Box 
183.1085/3.796/52672 
96.05508/3.80/18320 

Homocysteine 454-29-5 C(CS)C(C(=O)O)N 
SW 1A  Mariani-Box;SW 1C  
Mariani-Box 

118.0302/8.892/2380 
90.03642/8.938/1740 

N-Nitrosopiperazine 5632-47-3 O=NN1CCNCC1 
SW 1A  Mariani-Box;SW 1C  
Mariani-Box 

58.06736/9.275/54920 
56.05173/9.275/38564 

2-Octyl-3(2H)-
isothiazolone 

26530-20-1 
n1(c(ccs1)=O)CCCC
CCCC 

SW 1A  Mariani-Box;SW 1C  
Mariani-Box;SW XL-SPE (295 L) 
Stretch 5 

71.08839/12.626/14292 
57.07234/12.626/63536 

Serotonin 50-67-9 
NCCc1c[nH]c2ccc(O
)cc12 

SW 1C  Mariani-Box 
91.05707/8.378/75376 
65.04071/8.378/75936 

3-Hydroxy-3-
methylbutanoic acid 

625-08-1 CC(C)(CC(=O)O)O 
SW 1C  Mariani-Box;SW cell 1 
Stretch 1 

77.04106/8.87/291872 
65.04069/8.87/165492 
51.0248/8.87/156576 

Diuron-desdimethyl - 
c1(cc(c(Cl)cc1)Cl)N
C(N)=O 

SW 1C  Mariani-Box 
160.9766/11.358/1428 
129.0135/11.358/2632 

Diphenyl sulphone 127-63-9 
O=S(=O)(c1ccccc1)c
1ccccc1 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 4;SW 
cell 1 Stretch 2;SW cell 2 Stretch 
3;SW cell 2 Stretch 5;SW cell 2 

141.0009/16.874/45932 
95.05017/16.874/274300 
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Name 
CAS 
number 

SMILES 
Samples injected in GC-APCI-
QTOF 

Detected Fragments in format 
mass/retention time 
(min)/absolute intensity 

Stretch 4;SW XL-SPE (295 L) 
Stretch 5;SW XL-SPE (303 L) 
Stretch 2 

13-Docosenamide, 
(Z)- 

112-84-5 
O=C(N)CCCCCCCC
CCC\C=C/CCCCCC
CC 

SW cell 1 Stretch 3;SW cell 2 
Stretch 3;SW XL-SPE (295 L) 
Stretch 5 

321.3174/26.924/108152 
303.3071/26.928/61300 
254.2500/26.924/68708 
226.2182/26.915/29276 
149.1330/26.924/154200 
135.1177/26.919/258272 
69.07046/26.911/255300 

9,10-
Phenanthrenedione 

84-11-7 
c1ccc2c(c1)c1ccccc
1C(=O)C2=O 

SW cell 1 Stretch 3;Sediment 1B 
181.0627/17.578/19468 
153.0693/17.578/134532 

Triisobutyl phosphate 126-71-6 
CC(C)COP(=O)(OC
C(C)C)OCC(C)C 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 4;SW 
cell 2 Stretch 3;SW cell 2 Stretch 
5;SW cell 2 Stretch 4;SW XL-SPE 
(300 L) Stretch 4;SW XL-SPE 
(303 L) Stretch 2 

155.0470/12.149/5956 
98.9851/12.153/197280 
57.07045/12.178/299792 

Bis(2-ethylhexyl) 
hydrogen phosphate 

298-07-7 
CCCCC(CC)COP(O)
(=O)OCC(CC)CCCC 

SW cell 2 Stretch 3;SW XL-SPE 
(293 L) Stretch 3 

98.98543/26.761/204428 
71.08607/26.761/32184 
57.07037/26.761/28848 

Tri(butoxyethyl)phosph
ate 

78-51-3 
CCCCOC(C)OP(=O)
(OC(C)OCCCC)OC(
C)OCCCC 

Sediment 1A 
225.0881/22.657/4248 
124.9989/22.624/752 

Acetochlor oxanilic 
acid 

194992-44-
4 

CCOCN(C(=O)C(O)
=O)c1c(C)cccc1CC 

SW cell 1 Stretch 3;SW cell 2 
Stretch 3;SW cell 2 Stretch 5 

220.0979/15.657/2512 
174.0925/15.653/6572 
148.1124/15.653/18620 
146.0978/15.649/14052 

Cinnamoylglycine 16534-24-0 
C1=CC=C(C=C1)/C
=C/C(=O)NCC(=O)O 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 4;SW 
cell 1 Stretch 2;SW cell 1 Stretch 
1;SW cell 2 Stretch 4 

131.0498/11.911/26104 
103.0550/11.845/12920 
95.04975/11.845/60240 
77.03892/11.845/8804 

Triphenylphosphine 
oxide 

791-28-6 
O=P(c(cccc1)c1)(c(c
ccc2)c2)c(cccc3)c3 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 4;SW 
cell 1 Stretch 2;SW cell 1 Stretch 
1;SW cell 2 Stretch 3;SW cell 2 
Stretch 5;SW cell 2 Stretch 4;SW 
cell 2 Stretch 2;SW XL-SPE (303 
L) Stretch 2 

121.0294/17.143/18532 
71.08631/17.18/228704 
65.0393/17.139/37132 
57.07062/17.18/269020 

Indoline 496-15-1 
C1CC2=CC=CC=C2
N1 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 4;SW 
cell 1 Stretch 1;SW cell 2 Stretch 
3;SW cell 2 Stretch 5;SW cell 2 
Stretch 4;SW cell 2 Stretch 2;SW 
particulate matter cell 2 Stretch 
1;SW XL-SPE (293 L) Stretch 
3;SW XL-SPE (295 L) Stretch 
5;SW XL-SPE (300 L) Stretch 
4;SW XL-SPE (303 L) Stretch 
2;SW XL-SPE (600 L) Strech 
1;Sediment 1B 

118.0655/9.585/2080 
103.0550/9.581/103860 

Tribenzylamine 620-40-6 
C(N(CC1=CC=CC=
C1)CC1=CC=CC=C
1)C1=CC=CC=C1 

SW cell 1 Stretch 3;SW cell 2 
Stretch 4 

181.1012/20.273/6616 
91.05533/20.252/88596 
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Name 
CAS 
number 

SMILES 
Samples injected in GC-APCI-
QTOF 

Detected Fragments in format 
mass/retention time 
(min)/absolute intensity 

3-Hydroxyanthranilic 
acid 

548-93-6 
C1=CC(=C(C(=C1)O
)N)C(=O)O 

SW cell 1 Stretch 3;SW cell 1 
Stretch 4 

108.0446/11.79/1620 
80.04967/11.79/1976 
53.03886/11.79/11940 

7 Methylguanine 578-76-7 
Cn1cnc2[nH]c(N)nc(
=O)c12 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 2 

94.04076/14.786/13616 
69.04514/14.699/36280 

2-Hydroxyphenylacetic 
acid 

614-75-5 
C1=CC=C(C(=C1)C
C(=O)O)O 

SW cell 1 Stretch 3;SW cell 1 
Stretch 5;SW cell 1 Stretch 2;SW 
cell 1 Stretch 1;SW cell 2 Stretch 
5;SW cell 2 Stretch 2;SW cell 2 
Stretch 1;SW XL-SPE (293 L) 
Stretch 3;SW XL-SPE (300 L) 
Stretch 4 

95.04957/6.299/10988 
79.05446/6.303/12076 
53.03874/6.299/6428 
51.02314/6.299/12172 
50.01545/6.282/1780 

3-Isobutylphthalate - 
CC(C)CC1=CC=CC(
C(O)=O)=C1C(O)=O 

SW cell 1 Stretch 5;SW cell 1 
Stretch 4;SW cell 2 Stretch 3;SW 
cell 2 Stretch 5;SW cell 2 Stretch 
2;SW XL-SPE (293 L) Stretch 
3;SW XL-SPE (300 L) Stretch 
4;SW XL-SPE (303 L) Stretch 
2;SW XL-SPE (600 L) Strech 
1;Sediment 1A 

167.0342/15.984/7192 
149.0240/15.98/340432 
121.0294/15.984/34208 
57.07056/15.984/72888 

Mono-iso-butyl 
phthalate 

30833-53-5 
CC(C)COC(=O)C1=
CC=CC=C1C(=O)O 

Sediment 1B 
149.0229/15.286/98324 
121.0261/15.286/12452 
57.06928/15.286/292068 

Dipentyl phthalate 131-18-0 
CCCCCOC(=O)c1cc
ccc1C(=O)OCCCCC 

SW cell 1 Stretch 2;SW cell 2 
Stretch 3 

219.1022/23.106/1016 
65.03909/23.019/10264 

N-
butylbenzenesulphona
mide 

3622-84-2 
CCCCNS(=O)(=O)c1
ccccc1 

SW cell 1 Stretch 5;SW p cell 2 
Stretch 3;SW cell 2 Stretch 4;SW 
2 Stretch 1;SW XL-SPE (295 L) 
Stretch 5;SW XL-SPE (300 L) 
Stretch 4;SW XL-SPE (600 L) 
Strech 1;Sediment 1A;Sediment 
1B 

158.0271/15.127/197320 
141.0011/15.127/476860 
95.05057/15.127/311676 

N-ethyl-4-methyl-
Benzenesulfonamide 

8047-99-2 
O=S(=O)(c1ccc(cc1)
C)NCC 

SW XL-SPE (303 L) Stretch 2 
109.0666/14.727/1808 
91.05519/14.731/5180 

Piracetam 7491-74-9 
O=C1N(CC(=O)N)C
CC1 

SW cell 1 Stretch 5 
98.06091/9.899/1204 
69.03387/9.903/2396 

Didanosine 69655-05-6 
O=C3/N=C\Nc1c3nc
n1[C@@H]2O[C@
@H](CC2)CO 

SW cell 1 Stretch 4 
101.0609/16.494/11120 
59.04971/16.49/5140 

1-Methylnicotinamide 3106-60-3 
C[N+]1=CC=CC(=C1
)C(=O)N 

SW cell 1 Stretch 1 
65.03999/14.661/12320 
53.03982/14.764/7740 

Acetyl tyrosine 537-55-3 
CC(=O)NC(Cc1ccc(
O)cc1)C(O)=O 

SW cell 2 Stretch 3;SW cell 2 
Stretch 5;SW cell 2 Stretch 4 

91.05489/12.303/29928 
65.03896/12.299/10136; 

Vanillic acid 499-76-3 
CC1=C(C=CC(=C1)
C(=O)O)O 

SW cell 1 Stretch 1;SW cell 2 
Stretch 4;SW XL-SPE (293 L) 
Stretch 3 

109.0662/12.181/8852 
94.04218/12.31/2788 
65.03919/12.164/12448 

2,3-Diaminopropionic 
acid 

515-94-6 C(C(C(=O)O)N)N Sediment 1A 
88.03773/9.37/9552 
70.02782/9.399/600 

Caffeic acid 331-39-5 
C1=CC(=C(C=C1/C
=C/C(=O)O)O)O 

Sediment 1A 
135.0426/10.202/2408 
89.03997/10.252/2344 
63.02482/10.273/392 

Ethylparaben 120-47-8 
CCOC(=O)c1ccc(O)
cc1 

SW cell 2 Stretch 1;Sediment 
1A;Sediment 1B 

139.0360/12.376/3420 
121.0266/12.38/89572 
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Name 
CAS 
number 

SMILES 
Samples injected in GC-APCI-
QTOF 

Detected Fragments in format 
mass/retention time 
(min)/absolute intensity 

95.04781/12.446/192304 
77.03738/12.446/40644 

Butylparaben 94-26-8 
CCCCOC(=O)c1ccc(
O)cc1 

Sediment 1A;Sediment 1B 

151.0751/12.316/26804 
139.0362/12.408/5156 
121.0264/12.408/139220 
95.04764/12.408/108284 

1,3,4,5-
tetrahydroxycyclohexa
necarboxylic acid 

77-95-2 
OC1CC(O)(CC(O)C
1O)C(O)=O 

Sediment 1A 

111.0424/10.989/7524 
95.0476/10.919/89988 
83.04786/10.939/240140 
55.0534/10.935/62500 

Muconic acid 3588-17-8 
C(=CC(=O)O)C=CC(
=O)O 

Sediment 1A 
97.0270/11.306/57100 
83.01132/11.314/12760 
69.03244/11.389/64588 

Desthiobiotin 533-48-2 
CC1C(NC(=O)N1)C
CCCCC(=O)O 

SW XL-SPE (295 L) Stretch 
5;Sediment 1A 

197.1311/20.336/8440 
69.06886/20.232/134784 

Sulfanilic acid 121-57-3 
S(c1ccc(N)cc1)(O)(=
O)=O 

SW cell 1 Stretch 1;Sediment 
1A;Sediment 1B 

110.0593/8.41/5580 
66.04493/8.61/7928 
65.03745/8.581/34072 

4-Acetamidobutanoic 
acid 

3025-96-5 
CC(=O)NCCCC(=O)
O 

Sediment 1A;Sediment 1B 
128.0682/9.328/11312 
86.05864/9.349/11432 
69.03235/9.332/135912 

4H-
cyclopenta[def]phenan
threne-4-one 

5737-13-3 
O=C4c2cccc1ccc3c(
c12)c4ccc3 

Sediment 1B 
177.0690/18.531/5380 
176.0618/18.527/4008 

Diphenylsulfoxide 945-51-7 
O=S(C1=CC=CC=C
1)C1=CC=CC=C1 

Sediment 1B 
186.0490/12.504/832 
125.0033/12.391/13508 

6,7-Dihydroxy-4-
methylcoumarin 

529-84-0 
CC1=CC(=O)OC2=C
C(=C(C=C12)O)O 

Sediment 1B 
165.0545/10.377/24564 
91.05281/10.347/69176 
65.03741/10.356/21904 

7,8-Dihydroxy-4-
methylcoumarin 

2107-77-9 
CC1=CC(=O)OC2=C
1C=CC(=C2O)O 

Sediment 1B 
147.0443/10.022/1536 
91.05271/10.127/167252 
65.03746/10.118/32624 

 

Table D. Identified substances in biota samples by suspect LC-ESI-QTOF-MS analysis and 
samples in which these substances were detected. 

Name 
CAS 
number 

SMILES Biota Samples 

Detected Fragments in 
format mass/retention 
time (min)/absolute 
intensity 

1-Methyl-L-Histidine 332-80-9 
Cn1cnc(CC(N)C(O)=
O)c1 

Dead Dolphin from Ukraine (Sample 
09),Dead Dolphin from Ukraine (Sample 
10),Rapana thomasiana from Georgia 
(Sample 11) 

124.0869/2.522/162492 
109.0760/2.456/34348 
96.06781/2.522/1992 
56.05027/1.776/7796 
68.04891/1.618/7168 

Lysine 56-87-1 NCCCCC(N)C(O)=O 

Dead Dolphin from Ukraine (Sample 
09),Dead Dolphin from Ukraine (Sample 
10),Fish, Alosa kessleri portico from 
Georgia (Sample 04),Fish, Barabulka from 
Georgia (Sample 12),Fish, Kefal-Mullet 
from Russia (Sample 08),Fish, Mullus 
barbathus from Georgia (Sample 03),Fish, 
N. Melanostomus from Ukraine (Sample 
16),Fish, Platychthys flesus from Ukraine 

130.0862/1.207/600288 
84.08123/1.207/76228 
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Name 
CAS 
number 

SMILES Biota Samples 

Detected Fragments in 
format mass/retention 
time (min)/absolute 
intensity 

(Sample 02),Fish, Pomatomus saltatrix 
from Georgia (Sample 06),Fish, 
Uranoscopus scaber from Georgia 
(Sample 05),Whole Fish from Zmiinyi 
island in Ukraine (Sample 15B),Whole 
Fish, Barabulka from Georgia (Sample 
12B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

Oleic acid 112-80-1 
CCCCCCCC/C=C\C
CCCCCCC(=O)O 

Dead Dolphin from Ukraine (Sample 
09),Dead Dolphin from Ukraine (Sample 
10) 

265.2531/13.394/142896 
247.2422/13.394/23956 
227.2007/13.378/10444 
213.1852/13.394/12772 
209.1901/13.394/7232 
199.1693/13.394/16148 
195.1745/13.394/12272 
191.1797/13.394/6372 
185.1536/13.394/22572 
181.1586/13.411/17724 
177.1635/13.394/11696 
171.1378/13.394/23052 
167.1429/13.394/24620 
163.1479/13.394/18480 
157.1222/13.411/26232 
153.1272/13.394/29576 
149.1323/13.394/23300 
143.1067/13.411/29208 
139.1118/13.394/31924 
135.1169/13.394/27732 
129.0911/13.394/25228 
125.0962/13.394/23100 
85.10179/13.394/16864 
71.0863/13.394/13948 

Leucine 61-90-5 CC(C)CC(N)C(O)=O Dead Dolphin from Ukraine (Sample 09) 
87.10014/4.62/12436 
86.09704/4.62/239056 

Phenylalanine 150-30-1 
NC(Cc1ccccc1)C(O)
=O 

Dead Dolphin from Ukraine (Sample 
09),Fish from Zmiinyi island In Ukraine 
(Sample 15),Fish, Alosa kessleri portico 
from Georgia (Sample 04),Fish, Barabulka 
from Georgia (Sample 12),Fish, Kefal-
Mullet from Russia (Sample 08),Fish, 
Mesogibius batrachocephalus from 
Ukraine (Sample 01),Fish, Mullus 
barbathus from Georgia (Sample 03),Fish, 
N. Melanostomus from Ukraine (Sample 
16),Fish, Platychthys flesus from Ukraine 
(Sample 02),Fish, Pomatomus saltatrix 
from Georgia (Sample 06),Fish, Trachurus 
trachurus from Georgia (Sample 07),Fish, 
Uranoscopus scaber from Georgia 
(Sample 05),Mytilus galloprovincialis from 
Ukraine (Sample 14),Rapana thomasiana 
from Georgia (Sample 11),Rapana 
thomasiana from Ukraine (Sample 
13),Whole Fish from Zmiinyi island in 
Ukraine (Sample 15B),Whole Fish, 
Barabulka from Georgia (Sample 

120.0809/3.083/2385916 
105.0449/3.083/127000 
103.0546/3.083/1208448 
95.04909/3.083/224128 
93.06975/3.083/243824 
79.05348/3.083/168248 
77.03777/3.083/152276 
53.03768/3.133/14440 
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Name 
CAS 
number 

SMILES Biota Samples 

Detected Fragments in 
format mass/retention 
time (min)/absolute 
intensity 

12B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

Agmatine 306-60-5 C(CCNC(=N)N)CN 
Dead Dolphin from Ukraine (Sample 
09),Fish, Barabulka from Georgia (Sample 
12) 

114.1025/2.389/37352 
97.07586/2.422/5780 

2-
Hydroxyphenylalani
ne 

2370-61-8 
C1=CC=C(C(=C1)CC
(C(=O)O)N)O 

Dead Dolphin from Ukraine (Sample 09) 
165.0542/4.354/5148 
136.0755/4.37/42736 

Linoleic acid 60-33-3 
CCCCC/C=C\C/C=C\
CCCCCCCC(=O)O 

Dead Dolphin from Ukraine (Sample 09) 
83.08607/13.411/8248 
81.07048/13.394/8096 
69.07058/13.411/4604 

2'-O-
Methylguanosine 

2140-71-8 
O=C3/N=C(/N)Nc1c3
ncn1C2OC(C(O)C2O
C)CO 

Dead Dolphin from Ukraine (Sample 09) 
152.0555/1.84/4652 
110.0348/1.856/3768 

Isoleucine 73-32-5 
CC[C@H](C)[C@H](
N)C(O)=O 

Dead Dolphin from Ukraine (Sample 
10),Fish from Zmiinyi island In Ukraine 
(Sample 15),Fish, Alosa kessleri portico 
from Georgia (Sample 04),Fish, Barabulka 
from Georgia (Sample 12),Fish, Kefal-
Mullet from Russia (Sample 08),Fish, 
Mesogibius batrachocephalus from 
Ukraine (Sample 01),Fish, Mullus 
barbathus from Georgia (Sample 03),Fish, 
N. Melanostomus from Ukraine (Sample 
16),Fish, Platychthys flesus from Ukraine 
(Sample 02),Fish, Pomatomus saltatrix 
from Georgia (Sample 06),Fish, Trachurus 
trachurus from Georgia (Sample 07),Fish, 
Uranoscopus scaber from Georgia 
(Sample 05),Mytilus galloprovincialis from 
Ukraine (Sample 14),Rapana thomasiana 
from Georgia (Sample 11),Rapana 
thomasiana from Ukraine (Sample 
13),Whole Fish from Zmiinyi island in 
Ukraine (Sample 15B),Whole Fish, 
Barabulka from Georgia (Sample 
12B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

87.10016/2.059/128424 
86.0975/2.042/1204928 
69.07037/2.059/15064 

N-Acetylhistamine 673-49-4 O=C(NCCc1cncn1)C Dead Dolphin from Ukraine (Sample 10) 
95.06015/1.793/68112 
68.04993/1.793/680 

13-Docosenamide, 
(Z)- 

112-84-5 
O=C(N)CCCCCCCC
CCC\C=C/CCCCCC
CC 

Dead Dolphin from Ukraine (Sample 10) 

254.2486/13.531/605576 
149.1323/13.397/19980 
135.1169/13.397/24608 
69.07065/13.397/4080 

Alanyltyrosine 3061-88-9 
O=C(O)C(NC(=O)C(
N)C)Cc1ccc(O)cc1 

Dead Dolphin from Ukraine (Sample 10) 
182.0814/1.892/896084 
136.0755/1.892/126700 

N-amidinosarcosine 57-00-1 
CN(CC(O)=O)C(N)=
N 

Fish from Zmiinyi island In Ukraine 
(Sample 15),Fish, Barabulka from Georgia 
(Sample 12),Fish, Mesogibius 
batrachocephalus from Ukraine (Sample 
01),Fish, Mullus barbathus from Georgia 
(Sample 03),Fish, N. Melanostomus from 
Ukraine (Sample 16),Fish, Platychthys 
flesus from Ukraine (Sample 02),Fish, 
Pomatomus saltatrix from Georgia (Sample 

114.0671/1.551/238604 
90.0550/1.485/245888; 
87.05473/1.484/12592 
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CAS 
number 

SMILES Biota Samples 

Detected Fragments in 
format mass/retention 
time (min)/absolute 
intensity 

06),Fish, Trachurus trachurus from 
Georgia (Sample 07),Whole Fish from 
Zmiinyi island in Ukraine (Sample 
15B),Whole Fish, Barabulka from Georgia 
(Sample 12B),Whole Fish, N. 
Melanostomus from Ukraine (Sample 16B) 

Arginine 74-79-3 
NC(CCCNC(N)=N)C(
O)=O 

Fish from Zmiinyi island In Ukraine 
(Sample 15),Whole Fish from Zmiinyi 
island in Ukraine (Sample 15B),Whole 
Fish, N. Melanostomus from Ukraine 
(Sample 16B) 

130.0977/1.368/6116 
158.0921/1.302/2920 
70.06425/1.235/178960 

2-Aminonicotinic 
acid 

5345-47-1 
c1cc(c(nc1)N)C(=O)
O 

Fish from Zmiinyi island In Ukraine 
(Sample 15),Rapana thomasiana from 
Ukraine (Sample 13),Whole Fish from 
Zmiinyi island in Ukraine (Sample 
15B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

121.0401/1.718/15736 
93.04471/1.735/49896 
66.03293/1.718/4548 

5'-S-methyl-5'-
thioadenosine 

- 
CSC[C@H]1O[C@@
H](n2cnc3c2ncnc3N)[
C@H](O)[C@@H]1O 

Fish from Zmiinyi island In Ukraine 
(Sample 15),Rapana thomasiana from 
Georgia (Sample 11) 

136.0617/4.399/128120 
75.02536/4.432/5112 
61.00971/4.432/9636 
97.0281/4.398/4588 

N,N-bis(2-
hydroxyethyl)dodec
anamide 

120-40-1 
CCCCCCCCCCCC(=
O)N(CCO)CCO 

Fish from Zmiinyi island In Ukraine 
(Sample 15),Fish, Barabulka from Georgia 
(Sample 12),Rapana thomasiana from 
Ukraine (Sample 13),Whole Fish, 
Barabulka from Georgia (Sample 
12B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

106.0863/11.858/133896 
88.0750/11.858/98064 

D-(-)-a-
phenylglycine 

875-74-1 
N[C@@H](C(O)=O)c
1ccccc1 

Fish from Zmiinyi island In Ukraine 
(Sample 15) 

107.0494/3.083/132756 
95.04909/3.083/224128 
79.05348/3.083/168248 
51.02205/3.083/16044 

Guanine 73-40-5 
Nc1nc(=O)c2[nH]cnc
2[nH]1 

Fish, Barabulka from Georgia (Sample 
12),Fish, N. Melanostomus from Ukraine 
(Sample 16),Fish, Pomatomus saltatrix 
from Georgia (Sample 06),Mytilus 
galloprovincialis from Ukraine (Sample 
14),Whole Fish, Barabulka from Georgia 
(Sample 12B),Whole Fish, N. 
Melanostomus from Ukraine (Sample 16B) 

135.0299/1.851/33516 
110.0364/1.867/368540 

3'-AMP - 

Nc1ncnc2c1ncn2[C@
@H]1O[C@H](CO)[C
@@H](OP(=O)(O)O)[
C@H]1O 

Fish, Barabulka from Georgia (Sample 
12),Fish, N. Melanostomus from Ukraine 
(Sample 16),Mytilus galloprovincialis from 
Ukraine (Sample 14),Whole Fish, 
Barabulka from Georgia (Sample 
12B),Whole Fish, N. Melanostomus from 
Ukraine (Sample 16B) 

164.9942/2.916/3388 
136.0620/2.933/56408 
85.02799/2.85/533520 

Lauramine oxide 1643-20-5 
CCCCCCCCCCCC[N
+](C)(C)[O-] 

Fish, Barabulka from Georgia (Sample 12) 
62.05921/11.258/7800 
58.06433/11.242/35204 

4-Pyridoxic acid 82-82-6 
CC1=NC=C(C(=C1O
)C(=O)O)CO 

Fish, Barabulka from Georgia (Sample 12) 

138.0534/2.75/8160 
120.0448/2.816/6424 
96.0446/2.683/216212 
80.04888/2.683/962072 
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Name 
CAS 
number 

SMILES Biota Samples 

Detected Fragments in 
format mass/retention 
time (min)/absolute 
intensity 

5-Aminovaleric acid 660-88-8 C(CCN)CC(=O)O 
Fish, N. Melanostomus from Ukraine 
(Sample 16),Rapana thomasiana from 
Georgia (Sample 11) 

100.0759/1.654/12680 
55.05347/1.654/120188 
83.04875/1.651/15864 

Biopterin 22150-76-1 
O=C2\N=C(/Nc1ncc(
nc12)C(O)C(O)C)N 

Fish, N. Melanostomus from Ukraine 
(Sample 16),Whole Fish, N. Melanostomus 
from Ukraine (Sample 16B) 

220.0824/2.217/38668 
194.0665/2.217/7804 
178.0715/2.217/17660 

8-Hydroxychinolin 1127-45-3 
C1=CC2=C(C(=C1)O
)N=CC=C2 

Fish, N. Melanostomus from Ukraine 
(Sample 16) 

128.0467/3.566/4624 
118.0657/3.616/695668 

Triisobutyl 
phosphate 

126-71-6 
CC(C)COP(=O)(OCC
(C)C)OCC(C)C 

Fish, Platychthys flesus from Ukraine 
(Sample 02),Rapana thomasiana from 
Georgia (Sample 11),Rapana thomasiana 
from Ukraine (Sample 13) 

98.98411/11.78/8776 
57.07094/11.78/8540 

2-imino-1-
methylimidazolidin-
4-one 

60-27-5 CN1CC(=O)N=C1N 
Fish, Pomatomus saltatrix from Georgia 
(Sample 06) 

86.07162/1.576/4740 
58.06602/1.609/21428 

anthranilic acid 118-92-3 Nc1ccccc1C(O)=O 
Fish, Uranoscopus scaber from Georgia 
(Sample 05) 

120.0442/4.94/489428 
92.04896/4.94/8464 

8Z,11Z,14Z-
Eicosatrienoic acid 

1783-84-2 
CCCCCC=CCC=CC
C=CCCCCCCC(=O)
O 

Fish, Uranoscopus scaber from Georgia 
(Sample 05) 

173.1322/12.732/13312 
109.1011/12.748/15572 
95.08535/12.732/9688 

2'-Deoxyadenosine 958-09-8 
n2c1c(ncnc1n(c2)C3
OC(C(O)C3)CO)N 

Rapana thomasiana from Georgia (Sample 
11) 

137.0650/3.133/57620 
136.0626/3.133/1213316 
73.02782/3.15/14708 

Spermidine 124-20-9 C(CCNCCCN)CN 
Rapana thomasiana from Georgia (Sample 
11) 

112.1127/2.766/164544 
84.08057/2.70/1238088 
72.08027/2.70/238936 

N'-(3-aminopropyl)-
N,N-
dimethylpropane-
1,3-diamine 

10563-29-8 CN(C)CCCNCCCN 
Rapana thomasiana from Georgia (Sample 
11) 

98.09647/2.70/126364 
86.09616/2.816/254392 

Tri(butoxyethyl)pho
sphate 

78-51-3 
CCCCOC(C)OP(=O)(
OC(C)OCCCC)OC(C
)OCCCC 

Rapana thomasiana from Georgia (Sample 
11) 

199.0734/12.057/3236 
143.0116/12.057/1376 

2'-Deoxyuridine 951-78-0 
O=C/1NC(=O)N(\C=
C\1)C2OC(C(O)C2)C
O 

Rapana thomasiana from Georgia (Sample 
11) 

117.0553/2.30/13328 
113.0350/2.317/28260 

N-
butylbenzenesulpho
namide 

3622-84-2 
CCCCNS(=O)(=O)c1
ccccc1 

Rapana thomasiana from Ukraine (Sample 
13) 

158.0277/7.762/1496 
141.0008/7.762/5340 
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Table E. Data Collection Template (DCT) for non-target screening results. 

Sample identification (link 
to the raw data file name) 

Retention time in the 
1st column [min] 

Retention time in the 
2nd column     [sec] 

Mass of ion [m/z] 
(peak or component) 

Intensity of 
the ion 

 Intensity of the 
ion in the blank 

Ion type 

  Other 

EXAMPLE                                                                                                                             

ElbeSW01 4.64   216.1012 1666665 0 M+   

DanubeSED01 16.64   243 14222 0 Other Base 
 

MS/MS 
available 

Category 
Proposed identification (name of the 
substance or n.i. for not identified) 

Molecular 
formula 

Exact. Mass Identifier: SMILES CAS No. 

              

Yes Target atrazine C8H14Cl1N5   c1(nc(nc(n1)Cl)NCC)NC(C)C 1912-24-9  

No Unknown n.i. n/a   n/a n/a 
 

Estimated 
concentration  

[ug/l] 
Level of confirmation of identification  

Component information Retention Time  Index 
LC-MS (TUM index; 

other index) 

Retention Time  Index 
LC-MS (UoA 
approach) 

Retention Time  Index 
GC-MS (Kovat's 

index) Fragment masses of  detected compounds 
            

0.25 reference standard, ratio of MS/MS   87.6  640.3  - 

0.15 
characteristic pattern at ion 243 shows 
presence of chlorine atom 

245.0322 25.3, 258.3405 32.5, 260.0665 60.0  - - 1421 

 

Date of sampling 
(DD/MM/YYYYY) 

Date of analysis 
(DD/MM/YYYYY) 

Serial No. in 
Method LC-

MS(MS) or GC-
MS(MS) 

worksheet 

LC-MS - files attached 

Raw chromatogram; Positive/Negative mode; MS-MS... (Organization abbreviation_Ionization mode [POS/NEG]_Collision Energy in eV 
or %_ Instrument_Matrix_Sampling Site_Country_Date of Sampling [DD.MM.YYYY]_ Project abbreviation_Unique Sample ID.mzML) 

No. of peaks  Intensity cut-off value  Data analysis report (mzML) Data aquisition 

              

12/12/2013 12/13/2013 
LC001, LC002, 

GC001 
10,021 100 

UFZ_POS_4eV_LC-ESI-Orbitrap-
MS_Elbe_Leipzig_Germany_NoProject_01.01.2014.mzML 

Auto MS/MS 5 the most 
abundant precursors per scan 

12/12/2013 12/13/2013 GC001  - -  -  MRM 
 

GC-MS - files attached 

Raw chromatogram; EI/PCI/NCI; MS/MS...  (mzML) (Organization abbreviation_Ionization mode [POS/NEG]_Collision Energy in eV or %_ Instrument_ Matrix_Sampling 
Site_Country_Date of Sampling [DD.MM.YYYY]_ Project abbreviation_Unique Sample ID.mzML) 

  

 - 

EI_POS_70eV_GC-EI-MS_Danube_Bratislava_Slovakia_JDS3_01.02.2014.mzML 

http://www.commonchemistry.org/ChemicalDetail.aspx?ref=1912-24-9
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VI.2. The level of contamination in fish and mussels- 
Zernov’s Phyllophora Field  

Results of three expeditions to the area of Zernov’s Phyllophora Field and 1 expedition to the 
"Water Bodies". 
 
Y. Denga, Y. Oleynik, V. Kolosov, M. Litvinova, T. Vostrikova, G. Zolotaryov. 
O. Miasnikova, E. Ivchenko 
 

Trace Metals 
Results of investigation in first cruise on Zernov’s Phyllophora Field in April shown that only 
arsenic exceeded MAC, established in Ukraine (Table VI.2.1, Fig. VI.2.1). 
Average metals concentrations in mussel’s tissue samples, collected during that first cruise 
were in the range 0 – 120 mg/kg and decrease in the next row: Fe, Zn, As, Mn, Cu, Cr, Co, Cd, 
and Hg. Lead concentrations were less than the detection limit. 
 
Table VI.2.1 - Concentrations of toxic metals in biota samples of Zernov’s Phyllophora Field 
(April) 

Species Station 
Concentration of toxic metals (mg/kg ww) 

As Cd Co Cu Hg Pb Zn Ni Cr Mn Fe 

Mussel 4ph 3,08 0,014 0,09 1,08 0,005 0 37,6 1,13 1,04 1,17 44,7 

Mussel 4Aph 1,29 0,050 0,14 1,40 0,004 0 70,4 0,99 1,27 1,79 120 

MAC-UA for 
mollusks 

2,0 2,0  30,0 0,20 10 200     

MAC-EQS*  
Directive 2013/39/EU 

    0,020       

* Bold values exceeding MAC-UA and EQS 
 

 

Figure VI.2.1 Concentration of trace metals in biota samples 
of Zernov Phyllophora Field (April) 

 

High toxic metals concentrations determined in the mussel’s tissue investigated in second 

cruise on Zernov’s Phyllophora Field in July are presented in Table VI.2.2 and Fig. VI.2.2. 
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Results of investigation in that cruise show that for arsenic has been established MAC exciding 

at stations 9ph and 10ph. The concentration of mercury at those two stations exceeded the 

MAC-EQS established by the Directive 2013/39/EU. 

Average metals concentrations in mussel’s tissue samples, collected during that second cruise 

were in the range 0 – 50,6 mg/kg and decrease in the next row: Fe, Zn, Mn, As, Cu, Ni, Cr, Co, 

Hg and Cd. Lead concentration on station 4ph was less than the detection limit. 

 

Table VI.2.2 - Concentrations of toxic metals in biota samples of Zernov’s Phyllophora Field 
(July) 

Species 
Statio

n 
Concentration of toxic metals (mg/kg ww) 

As Cd Co Cu Hg Pb Zn Ni Cr Mn Fe 

Mussel 10ph 4,62 0,009 0,23 1,67 0,031 0,20 34,9 0,77 0,39 9,11 50,6 

Mussel 9ph 3,23 0,026 0,15 1,38 0,040 0,14 21,3 1,12 0,37 20,1 47,6 

Mussel 4ph 0,90 0,027 0,13 0,75 0,015 0 34,6 0,26 0,12 3,99 25,1 

MAC-UA for 
mollusks 

2,0 2,0  30,0 0,20 10 200     

MAC-EQS*  
Directive 2013/39/EU 

    0,02       

* Bold values exceeding MAC-UA and EQS 
 

  

Figure VI.2.2 - Concentration of trace metals in biota samples 
of Zernov Phyllophora Field (July) 

 

High toxic metals concentrations determined in the mussel’s tissue investigated in third cruise 

on Zernov Phyllophora Field in August are presented in Table VI.2.3 and Fig. VI.2.3. 

Results of investigation in that cruise show that for arsenic has been established MAC exciding 

at stations 10ph and 11ph. The concentration of mercury at those two stations exceeded the 

MAC-EQS established by the Directive 2013/39/EU. 

Average metals concentrations in mussel’s tissue samples, collected during that third cruise 

were in the range 0 – 105 mg/kg and decrease in the next row: Fe, Zn, Mn, As, Cu, Ni, Cr, Co, 

Hg and Cd. Lead concentration on station 4ph was less than the detection limit. 
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Table VI.2.3 - Concentrations of toxic metals in biota samples of Zernov Phyllophora Field 
(August) 

Species Station 
Concentration of toxic metals (mg/kg ww) 

As Cd Co Cu Hg Pb Zn Ni Cr Mn Fe 

Mussel 4h 0,53 0,405 0,10 0,96 0,015 0,17 28,0 0,37 0,22 2,35 32,9 

Mussel 10ph 2,09 0,600 0,20 1,69 0,031 0,90 46,7 0,83 0,44 24,2 105 

Mussel 11ph 2,27 0,589 0,16 0,91 0,028 0,22 72,2 0,60 0,33 11,2 82,6 

MAC-UA for 
mollusks 

2,0 2,0  30,0 0,20 10 200     

MAC-EQS*  
Directive 
2013/39/EU 

    0,02       

* Bold values exceeding MAC-UA and EQS 
 

 

Figure VI.2.3 - Concentration of trace metals in biota samples 
of Zernov Phyllophora Field (August) 

 

High toxic metals concentrations determined in the mussel’s and rapana’s tissue investigated 

in Water Bodies in August are presented in Table VI.2.4 and figures VI.2.4 and VI.2.5. 

Results of investigation in that cruise show that for arsenic has been established MAC exciding 

at stations 3w and 9w in Rapana and at station 10w in Mussel. 

Concentration of cadmium has been established MAC exciding at station 2w in Chamelea 

gallina. 

The concentration of mercury exceeded the MAC-EQS in biota established by the Directive 

2013/39/EU at all stations except station 9w (Mussel). 

Average metals concentrations in Mussels, Rapana and Chamelea gallina tissue samples, 

collected during Water Bodies cruise were in the range 0 – 67 mg/kg and decrease in the next 

row: Fe, Zn, Mn, Cu, As, Cd, Ni, Cr, Co, Pb, and Hg. Cobalt concentration on stations 2w and 

3w was less than the detection limit. 
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Table VI.2.4 - Concentrations of toxic metals in biota samples of Water Bodies (August) 

Species 
Statio

n 
Concentration of toxic metals (mg/kg ww) 

As Cd Co Cu Hg Pb Zn Ni Cr Mn Fe 

Rapana 2w 0,54 0,136 0 16,0 0,034 0,16 16,2 0,23 0,26 4,93 57,1 

Rapana 3w 2,14 0,294 0 14,7 0,022 0,08 12,4 0,17 0,23 3,15 67,0 

Rapana 9w 4,44 1,710 0,06 9,75 0,031 0,07 17,0 0,30 0,18 3,46 32,9 

Mussel 9w 0,568 0,710 0,17 0,95 0,016 0,09 45,9 0,50 0,54 2,51 36,9 

Mussel 10w 2,79 0,616 0,20 1,40 0,032 0,26 51,3 0,73 0,35 19,2 65,5 

Chamelea 
gallina 

2w 0,71 2,108 2,11 0,90 0,031 0,27 14,1 68,0 0,80 4,53 0,32 

MAC-UA for mollusks 2,0 2,0  30,0 0,20 10 200     

MAC-EQS*  
Directive 2013/39/EU 

    0,02       

* Bold values exceeding MAC-UA and EQS 
 

 

Figure VI.2.4 - Concentration of trace metals in biota samples 
of Water Bodies (August) 

 

Figure VI.2.5 - Concentration of trace metals in biota samples (Chamela galina) 
of Water Bodies (August) 
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Organochlorine Pesticides and Polychlorinated Biphenyls 
 
The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in Mussel samples during first cruise on Zernov’s Phyllophora Field in April are 
presented in Table VI.2.5 and Figures VI.2.6 – VI.2.8. 
 
Table VI.2.5 - Concentrations of OCPs in biota samples of Zernov’s Phyllophora Field (April) 

Species Station 
Concentration of OCPs (µg/kg ww) 

DDE DDD DDT 
α-

HCH 
β-

HCH 
γ-

HCH 
Aldrin Dieldrin Heptachlor HCB 

Mussel 4ph 7,76 0,63 5,87 0 0,94 0,50 0 7,01 0,48 43,7 

Mussel 4aph 5,42 1,79 7,05 0 1,18 2,25 0 4,31 0 7,05 

MAC-EQS*  
Directive 
2013/39/EU 

        0,067 10 

* Bold values exceeding EQS 
Organochlorine pesticides concentrations varied from not detected (<0,05) to 43,7 µg/kg. 
Total polychlorinated biphenyls concentrations varied from 86,0 to 572 µg/kg. 
 

The major OCPs compounds were HCB, -HCH and DDD. The highest values measured were: 
43,7 µg/kg for Hexachlorobenzene, 7,67 µg/kg for p,p’ DDE, 7,05 µg/kg for p,p’ DDT, 7,01 

µg/kg for Dieldrin, 2,25 µg/kg for Lindane, 1,79 µg/kg for p,p’ DDD, 1,18 µg/kg for -HCH, and 
0,48 µg/kg for Heptachlor. α-HCH and Aldrin was not detected. 
 
Hexachlorobenzene and heptachlor were found at station 4 ph in concentrations above the 
MAC-EQS (10 and 0,067, respectively). 
 

 

Figure VI.2.6 - Concentration of OCPs in mussel’s tissue of Zernov Phyllophora Field (April) 

 
As follows from Figure VI.2.7 the maximum of PCB (AR-1254) was detected in mussel at station 
4ph. 
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Figure VI.2.7 - The sum of PCBs in mussel’s tissue of Zernov Phyllophora Field (April) 

Figure VI.2.8 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in mussel samples. As PCBs are incorporated into biological food chains, progressive 

loss of low chlorinated components occurs due to their selective bio-transformation. 

Therefore, in living organisms, the most dangerous  highly chlorinated PCBs accumulate. 

 

Figure VI.2.8 - Concentration of sum individual PCBs with different content of Cl-atoms in 
mussel’s tissue of Zernov Phyllophora Field (April) 

As follows from the Figure VI.2.8, PCBs containing 3-5 chlorine atoms in this mussel samples 

is predominating. But, there is a presence in small concentrations of highly toxic PCBs in 

mussel with 6 and 7 chlorine atoms. 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 

determined in Mussel samples during second cruise on Zernov’s Phyllophora Field in July are 

presented in Table VI.2.6 and Figures VI.2.9 – VI.2.11. 

Table VI.2.6 - Concentrations of OCPs in biota samples of Zernov’s Phyllophora Field (July) 

Species Station 
Concentration of OCPs (µg/kg ww) 

DDE DDD DDT 
α-

HCH 
β-

HCH 
γ-

HCH 
Aldrin Dieldrin Heptachlor HCB 

Mussel 10ph 15,1 0,22 89,3 0,29 0,34 0 0 3,94 0 1,22 

Mussel 9ph 0 0 608 0 0 8,14 116 12,6 0 22,8 

Mussel 4ph 0 19,0 318 7,10 3,74 0 0 23,2 24,5 4,40 

MAC-EQS*  
Directive 2013/39/EU 

        0,067 10 

* Bold values exceeding EQS 
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Organochlorine pesticides concentrations varied from not detected (<0,05) to 608 µg/kg. 

The major OCPs compounds were DDT and Aldrin. The highest values measured were: 608 

µg/kg for p,p’ DDT, 116 µg/kg for Aldrin, 24,5 for Heptachlor, 23,2 µg/kg for Dieldrin, 22,8 

µg/kg for HCB, 19,0 µg/kg for p,p’ DDD, 15,1 µg/kg for p,p’ DDE, 8,14 µg/kg for Lindane, 7,10 

µg/kg for α-HCH and 3,74 µg/kg for β-HCH. 

Hexachlorobenzene and heptachlor were found in concentrations above the MAC-EQS (at 

station 9ph and station 4 ph, respectively). 

 

Figure VI.2.9 - Concentration of OCPs in mussel’s tissue of Zernov Phyllophora Field (July) 
 

Total polychlorinated biphenyls concentrations varied from 192 to 3222 µg/kg. 

As follows from Figure VI.2.10 the maximum of PCB (AR-1260) was detected in mussel at 
station 4ph. 

 

Figure VI.2.10 - The sum of PCBs in mussel’s tissue of Zernov Phyllophora Field (July) 

Figure VI.2.11 presents the concentrations of sum individual PCBs with different content of Cl- 

atoms in mussel samples. 
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Figure VI.2.11 - Concentration of sum individual PCBs with different content of Cl-atoms in 
mussel’s tissue of Zernov Phyllophora Field (July) 

As follows from the Figure VI.2.11, PCBs containing 5 chlorine atoms in mussel sample at 

station 10ph is predominating. At station 9ph is predominating PCBs containing 7 chlorine 

atoms in mussel sample. At station 4ph is predominating PCBs containing 6 chlorine atoms in 

mussel sample. 

On these 3 stations there is a presence of highly toxic PCBs in mussels with 5-7 chlorine atoms. 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 

determined in Mussel samples during third cruise on Zernov’s Phyllophora Field in August are 

presented in Table VI.2.7 and Figures 6.12 – 6.14. 

Table VI.2.7 - Concentrations of OCPs in biota samples of Zernov’s Phyllophora Field 
(August) 

Species Station 

Concentration of OCPs (µg/kg ww) 

DDE DDD DDT 
α-

HCH 
β-

HCH 
γ-

HCH 
Aldrin Dieldrin Heptachlor HCB 

Mussel 4ph 30,1 0 9,03 1,22 0 0 0 4,46 17,7 9,92 

Mussel 10ph 14,8 0 0 0 2,57 0 0 0 1,67 9,36 

Mussel 11ph 0 0 0,95 0 0 0,49 0 1,98 3,32 6,73 

MAC-EQS*  
Directive 2013/39/EU 

        0,067 10 

* Bold values exceeding EQS 
 

Organochlorine pesticides concentrations varied from not detected (<0,05) to 30,1 µg/kg. 

The major OCPs compounds were DDE and Heptachlor. The highest values measured were: 

30,1 µg/kg for p,p’ DDE, 17,7 µg/kg for Heptachlor, 9,92 µg/kg for HCB, 9,03 µg/kg for p,p’ 

DDT, 4,46 µg/kg for Dieldrin, 2,57 µg/kg for β-HCH, 1,22 µg/kg for α-HCH and 0,49 µg/kg for 

Lindane. 

DDD and Aldrin was not detected. 

Heptachlor was found in concentrations above the MAC-EQS at all stations. 
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Figure VI.2.12 - Concentration of OCPs in mussel’s tissue of Zernov Phyllophora Field 
(August) 

Total polychlorinated biphenyls concentrations varied from 83,2 to 1643 µg/kg. 

As follows from Figure VI.2.13 the maximum of PCB (AR-1260) was detected in mussel at 

station 4ph. 

 

Figure VI.2.13 - The sum of PCBs in mussel’s tissue of Zernov Phyllophora Field (August) 

On Figure VI.2.14 are presented concentrations of sum individual PCBs with different content 

of Cl- atoms in mussel samples. 
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Figure VI.2.14 - Concentration of sum individual PCBs with different content of Cl-atoms in 

mussel’s tissue of Zernov Phyllophora Field (August) 

As follows from the Figure VI.2.14, PCBs containing 8 chlorine atoms in mussel sample at 

station 4ph is predominating. There is a presence of highly toxic PCBs. 

At stations 10ph and 11ph is predominating PCBs containing 2 chlorine atoms in mussel 

sample. in mussels with 5-7 chlorine atoms. 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 

determined in biota samples investigated in Water Bodies in August are presented in Table 

VI.2.8 and Figures VI.2.15 – VI.2.17. 

Table VI.2.8 - Concentrations of OCPs in biota samples of Water Bodies (August) 

Species Station 
Concentration of OCPs (µg/kg ww) 

DDE DDD DDT 
α-

HCH 
β-

HCH 
γ-

HCH 
Aldrin Dieldrin 

Hepta
chlor 

HCB 

Mussel 5w 15,7 0,22 0 0 0,44 0,52 0 0 6,21 5,85 

Mussel 6w 14,3 0,74 44,2 0,31 3,99 1,00 0 5,39 0 4,91 

Miya 7w 17,1 0,34 34,8 0,64 5,44 1,11 0 5,13 0 3,69 

Rapana 2w 13,7 0,14 5,65 0,56 1,97 1,51 0 0 0 12,9 

Rapana 3w 0 5,49 0 1,75 27,0 0 0 97,2 0 9,41 

Rapana 5w 11,5 15,5 66,3 0 2,65 0 10,9 0 0 4,05 

Chame-lea 
gallina 

2w 7,71 0,73 12,8 0 3,88 0 0 3,40 0 2,84 

MAC-EQS*  
Directive 2013/39/EU 

        0,067 10 

* Bold values exceeding EQS 

Organochlorine pesticides concentrations varied from not detected (<0,05) to 97,2 µg/kg. 

The major OCPs compounds were Dieldrin and DDT. The highest values measured were: 97,2 

µg/kg for Dieldrin, 66,3 µg/kg for p,p’ DDT, 27,0 µg/kg for β-HCH, 17,1 µg/kg for p,p’ DDE, 

15,5 µg/kg for p,p’ DDD, 12,9 µg/kg for HCB, 10,9 µg/kg for Aldrin, 6,21 µg/kg for Heptachlor, 

1,75 µg/kg for α-HCH and 1,51 µg/kg for Lindane. 

Heptachlor was found in concentrations above the MAC-EQS at station 5w, HCB – at station 

2w. 
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Figure VI.2.15 - Concentration of OCPs in biota samples of Water Bodies (August) 

 

Total polychlorinated biphenyls concentrations varied from 24,6 to 9567 µg/kg. 

As follows from Figure VI.2.16 the maximum of PCB (AR-1260) was detected in Rapanal at 

station 5w. 

 

Figure VI.2.16 - The sum of PCBs in biota samples of Water Bodies (August) 
 

On Figure VI.2.17 are presented concentrations of sum individual PCBs with different content 

of Cl- atoms in mussel samples. 
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Figure VI.2.17 - Concentration of sum individual PCBs with different content of Cl-atoms in 
biota samples of Water Bodies (August) 

 

As follows from the Figure VI.2.17, big concentration of PCBs containing 3 and 5 chlorine 

atoms in Rapana sample was detected at station 3w.  

 

Polycyclic aromatic hydrocarbons (PAHs) 

Concentrations of PAH’s determined in the mussel’s tissue investigated in first cruise on 

Zernov Phyllophora Field in April are presented in Figure VI.2.18. 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/kg) content in mussels samples 

ranged from 485,6 µg/kg (st. 4aph) to 1110 µg/kg (st. 4ph). Of the total PAHs in mussel in 

biggest concentration were present Phenanthrene, Naphthalene and Fluorene. 

B(a)Peq and Σ carcinogenic PAH’s were insignificant. 

 
Figure VI.2.18 – Concentrations of PAH’s in mussels tissue of Zernov Phyllophora Field 

(April) 
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Concentrations of PAH’s determined in the mussel’s tissue investigated in second cruise on 

Zernov Phyllophora Field in July are presented in Figure VI.2.19. 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/kg) content in mussels samples 

ranged from 234 µg/kg (st. 10ph) to 3190 µg/kg (st. 9ph). Of the total PAHs in mussel in biggest 

concentration were present Phenanthrene, Pyrene and Fluoranthene. 

B(a)Peq ranged from 37,7 µg/kg (st. 10ph) to 258 µg/kg (st. 9ph). Σ carcinogenic PAH’s were 

in the range 58,7 µg/kg (st. 10ph) to 210 µg/kg (st. 4ph).. 

In some samples of mussels was found PAHs that excided MAC-EQS: 

• Benzo(a)pyrene in concentration 14,1 µg/kg on station 4ph, 14,5 µg/kg on station 

10ph and 78,2 µg/kg on station 9ph (MAC-EQS=5 µg/kg). 

• Fluoranthene in concentration 605 µg/kg on station 9ph (MAC-EQS=30 µg/kg). 

 

 

Figure VI.2.19 – Concentrations of PAH’s in mussel tissue of Zernov Phyllophora Field (July) 

Concentrations of PAH’s determined in the biota tissue investigated in third cruise on Zernov 

Phyllophora Field in August are presented in Figure VI.2.12. 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/kg) content in mussels samples 

ranged from 294 µg/kg (st. 10ph) to 347 µg/kg (st. 11ph). Of the total PAHs in mussel in biggest 

concentration were present Phenanthrene, Acenaphthene and Acenaphthylene. 

B(a)Peq ranged from 25,8 µg/kg (st. 10ph) to 49,3 µg/kg (st. 4ph). Σ carcinogenic PAH’s were 

in the range 23,1 µg/kg (st. 10ph) to 44,2 µg/kg (st. 4ph).. 

In some samples of mussels was found PAHs that excided MAC-EQS: 

• Benzo(a)pyrene in concentration 15,7 µg/kg on station 10ph, 24,7 µg/kg on station 

4ph and 32,7 µg/kg on station 11ph (MAC-EQS=5 µg/kg). 

• Fluoranthene in concentration 29,8 µg/kg on station 9ph was very close to MAC-

EQS=30 µg/kg. 
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Figure VI.2.20 – Concentrations of PAH’s in mussel tissue of Zernov Phyllophora Field 

(August) 

 

Concentrations of PAH’s determined in the biota samples investigated in Water Bodies in 
August are presented in Figures 6.21-6,22. 

Ʃ PAH’s 311,72 881,85 213,36 378,00 413,71 207,18 212,64 

B(a)Peq 4,79 581,35 45,91 19,09 173,74 32,73 37,27 

Σ carcinogenic PAH’s 5,35 37,83 37,26 19,18 161,94 20,88 37,06 

 

Phenanthrene 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/kg) content in biota samples ranged 

from 207 µg/kg (Rapana, st. 5w) to 882 µg/kg (Mussel, st. 6w). Of the total PAHs in mussel in 

biggest concentration were present Benzo(g,h,i)perylene, Phenanthrene, and Pyrene. 

B(a)Peq ranged from 4,79 µg/kg (Mussel, st. 5w) to 581 µg/kg (Mussel, st. 6w). Σ carcinogenic 

PAH’s were in the range 5,35 µg/kg (Mussel, st. 5w) to 162 µg/kg (Rapana, st. 3w).. 

In some samples of mussels was found PAHs that excided MAC-EQS: 

• Benzo(a)pyrene in concentration 5,13 µg/kg on station 2w in Rapana, 13,2 µg/kg on 

station 5w in Rapana, 19,1 µg/kg on station 7w in Miya,  26,3 on station 6w in Mussel, 

32,6 on station 2w in Camelea gallina, and 152 µg/kg on station 3w in Rapana (MAC-

EQS=5 µg/kg). 

• Fluoranthene in concentration 34,3 µg/kg in Mussel on station 6w (MAC-EQS=30 

µg/kg. 
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Figure VI.2.21 – Concentrations of individual PAH’s in biota samples of Water Bodies 
(August) 

 

 

Figure VI.2.22 – The level of biota contamination PAH’s of Water Bodies (August) 
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VI.3. The level of contamination of fish and mussels (i. 
Zmeinyi) 

Y. Denga, Y. Oleynik, V. Kolosov, M. Litvinova, T. Vostrikova, G. Zolotaryov. 
O. Miasnikova, E. Ivchenko 
 

Trace metals 
The accumulation of certain toxic metals in biota samples in 2017 is presented in Figure VI.3.1-
VI.3.22. 

 

Figure VI.3.1 – Concentrations of Trace Me (Hg, Cd, As, Pb) in rapana and mussel 
tissue (I. Zmeinyi) 

 

Figure VI.3.2 – Concentrations of Trace Me (Hg, Cd, As, Pb) in fish tissue (I. Zmeinyi) 



Scientific Report – Joint Black Sea Surveys 2017 

 

523 

 

 

Figure VI.3.3 – Concentrations of Trace Me (Cu, Zn) in rapana and mussels tissue (I. 

Zmeinyi) 

 

Figure VI.3.4 – Concentrations of Trace Me (Cu, Zn) in fish tissue (I. Zmeinyi) 
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Average concentration of Trace Me in biological samples during 2012-2017 
 

Concentration of most toxic metals in biota samples is presented in Figures VI.3.1-VI.3.7. 

 

Figure VI.3.5 – Concentrations of Cd in Mussels, Rapana and Fish tissue (I. Zmeinyi) 

 

Figure VI.3.6 – Concentrations of As in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 
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Figure VI.3.7 – Concentrations of Hg in Mussels, Rapana and Fish tissue (I. Zmeinyi) 

 

Figure VI.3.8 – Concentrations of Pb in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 
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Figure VI.3.9 – Concentrations of Cu in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 

 

Figure VI.3.10 – Concentrations of Zn in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 
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Organochlorine pesticides (OCPs) and PCBs 

The levels of contamination of biota are showen on the Figures VI.3.8 – VI.3.13. 

 

Figure VI.3.11 – Concentrations of OCPs in mussels and rapana tissue (I. Zmeinyi) 

 
Figure VI.3.12 – Concentrations of OCPs in fish tissue (I. Zmeinyi) 
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Figure VI.3.13 – Concentrations of PCBs total in in mussels and rapana tissue (I. Zmeinyi) 

 

 

Figure VI.3.14 – Concentrations of PCBs total in fish tissue (I. Zmeinyi) 
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Figure VI.3.15 – Concentrations of PCBs (49, 110, 149) in mussels and rapana tissue (I. 

Zmeinyi) 

 

Figure VI.3.16 – Concentrations of PCBs (49, 110, 149) in fish tissue (I. Zmeinyi) 
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Average concentration of OCPs and PCBs in biological samples during 2012-2017 
 

Concentration of main OCPs and Total PSBs in biota samples is presented in Figures VI.3.14 – 
VI.3.19. 

 
Figure VI.3.17 – Concentrations of DDT total in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 

 
Figure VI.3.18 – Concentrations of HCH total in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 



Scientific Report – Joint Black Sea Surveys 2017 

 

531 

 
Figure VI.3.19 – Concentrations of Heptachlor in Mussels, Rapana fnd Fish tissue (I. 

Zmeinyi) 

 

Figure VI.3.20 – Concentrations of HCB in Mussels, Rapana fnd Fish tissue (I. Zmeinyi) 
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Figure VI.3.21 – Concentrations of PCBs total (AR-1254) in Mussels, Rapana and Fish tissue 

I. Zmeinyi) 

 
Figure VI.3.22 – Concentrations of PCBs total (AR-1260) in Mussels, Rapana and Fish tissue 

(I. Zmeinyi) 
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VII. DESCRIPTOR 10:  
Part I - Marine litter 

 

M. Pogojeva, G. Hanke, D.Gonzalez, O. Savenko, N. Machitadze, I.Tretiak, S. Nikolaishvili, K. 
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VII.1. Introduction 

Marine litter has been recognised as threat for marine wildlife by the European Marine 

Strategy Framework Directive, the Regional Sea Conventions and by international provisions, 

such as the UN Sustainable Development Goal 14. Monitoring data are needed in order to 

assess the spatial distribution of litter in the different environmental compartments and to 

identify the sources of litter in order to plan appropriate and efficient measures. 

Litter can occur in the marine environment in different matrices. It can be deposited by local 

littering or be deposited by wave action from the sea to the seashore. Dense items can reach 

the seafloor, while floating litter can enter the sea also through rivers and stay afloat at sea. 

All are subject to physical degradation into micro litter. Most of the marine litter is plastic 

material from different sources. 

VII.2. Materials and methods 

The assessment of marine litter and its impact need to be performed with harmonised 

methodologies in order to obtain comparable data which allow a prioritisation of efforts when 

designing measures. The methodologies should be agreed through international collaboration 

(UNEP 2009, JRC 2013). 

A dedicated workshop, organised by EMBLAS-II, JRC, BSC and UNEP took place on 13-

14.4.2016 in Istanbul. During the workshop experiences in Litter monitoring in the Black Sea 

area were exchanged among the participants from all Black Sea countries and existing 

guidelines were presented, including a practical training provided by the Marine Conservation 

Society and JRC.  

Within EMBLAS-II, a number of specific surveys were carried out at sea in Georgia, Russia and 

Ukraine. Further dedicated campaigns for monitoring of beach litter and riverine litter have 

been organised (Table VII.1).  

Floating litter at sea was monitored during NPMS/JOSS surveys by observation from vessels, 

using the JRC Tablet Computer Application “Floating Litter” and according to the ‘Guidance on 

Monitoring of Marine Litter in European Seas (JRC 2013), during the transect between 

sampling stations. 

Floating litter in rivers was monitored from bridges by trained observers every two weeks 

since September 2016, using the same JRC Tablet App, and contributing also to the Riverine 

Litter Observation Network organized by JRC RIMMEL project (JRC 2016). 

Data obtained with the JRC Tablet App was sent to the Black Sea Commission and to the JRC 

RIMMEL Database for analysis.  

Beach litter monitoring was made by each country separately during summer activities using 

EEA application for beach litter monitoring (Marine Litter Watch App). In all partner countries 

were conducted clean-ups with public awareness raising activities in autumn during the Black 

Sea Clean Beach day. 
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During 2017 there were performed microplastics investigations in sediments during the 

Ukranian –Georgian JOSS expedition and also in water column during Russian JOSS survey.  

Table VII.1: EMBLAS-II Litter monitoring activities, methods and time frame 

Matrix EMBLAS surveys Monitoring methods Time frame 

Sea surface NPMS/JOSS Georgia, Russia, 
Ukraine 

Visual observation campaigns, JRC App August, September, 
November 2017 

Rivers NPMS Riverine Litter Observation Network JRC 1 year round bi-weekly 
observations 

Beach NPMS MarineLitterWatch App (EEA database), 
Marine Conservation Society and other 
paper protocols 

National campaigns 
through the year and 
BSCBD events  

Microplastic JOSS Georgia, Russia, Ukraine Analyses in water column and bottom 
sediments 

August, September, 
November 2017 

 

VII.2.1. Floating Marine Macro Litter (FMML) 

Floating Marine Macro Litter (FMML) represents the mobile fraction > 2.5 cm of litter at sea 

and is subject to long rage transportation by current, winds and waves. FMML represents a 

direct threat to marine wildlife and is the precursor of marine micro litter.  

The monitoring of FMML is based on visual observations. Observation position and observed 

transect width are chosen in order to ensure the monitoring of target size ranges.  

Harmonization of reported item classes and size information is important for comparison of 

results between different surveys and areas. The JRC Floating Litter Tablet App provides a tool 

for a harmonized monitoring and facilitates the recording of metadata such as positions, 

transect information, ship speed, etc... The main objective of the EMBLAS project was to 

obtain comparable results from all participating countries, and the JRC Tablet App provides a 

common approach to this.  

On 23-26 of August 2017 a JRC training was organized onboard of the R/V Mare Nigrum on 

the way from Constanta to Odessa to harmonize the obtaining of data from all the observers 

participating in EMBLAS surveys. A range of important experiments were also performed 

during the training to improve the quality of receiving data.   

During the EMBLAS surveys 2017 the observations on FMML started in 2016 continued. The 

results were sent to BSC and JRC databases so that the different surveys could be evaluated 

together. Data from EMBLAS surveys was extracted from the database and analysed as it is 

shown on the pictures and Tables below (Fig.VII.1-4). It is possible to map transects, provide 

Tables with litter item identities and graphs, illustrating the distribution of FMML by size and 

by amount of registered litter items. It is also possible to estimate the amount of litter per 

square kilometres, which is important when comparing results obtained by other methods 

using e.g. paper protocols.  

FMML monitoring activities in the frame of EMBLAS-II project in 2017 are represented in Table 

VII.2 and on the Figure VII.1. 



Scientific Report – Joint Black Sea Surveys 2017 

 

536 

Table VII.2. FMML monitoring EMBLAS activities in 2017. 

Country Survey Dates Region Research Vessel 

Georgia JOSS 26 August-7 September 
2017 

Constanta - Odessa - Batumi - 
Constanta 

Mare Nigrum 

Russia JOSS  24-28 October 2017 Gelendzhik-sea center-
Novorossiysk 

Borey 

NPMS 14-16 November 2017 Sochi-Adler region Katran 

Ukraine JOSS 26 August-7 September 
2017 

Constanta - Odessa - Batumi - 
Constanta 

Mare Nigrum 

NPMS 15 - 21 August Zernov’s phyllophora field 

Ships of opportunity 
(ferries) 

Through the year Odessa-Varna-Istanbul-
Constanta-Batumi 

ferries 

 

 

Figure VII.1. Floating Marine Macro Litter – transects uploaded during the cruises in 2017. 

Average concentration of marine litter on 63 transects  in the 

Western part of the Black Sea showed 23,0 items/km² (Fig. 

VII.2). Nevertheless, when we compare these results with the 

Eastern part of the sea, it occurs 138,6 items/km² on 

performed 54 transects (Fig. VII.3).  

 

 

Figure VII.2. Floating Marine Macro Litter concentrations in 
the Western Black Sea. 
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Figure VII.3. Floating Marine Macro Litter concentrations in the Eastern Black Sea. 

During all the surveys in 2017 there were performed 144 transects with total length 3140 km. 

The area of 88 km² was covered. 5338 litter items were identified. Average transect length 

was 22 km, average transect area - 0.61 km². The litter density varied from 0 items/km² (in 8 

Transects) to 810.2 items/km². Average litter density was 90.5 items/km². The densities of 

obtained transects are given on the Figure VII.2. 

 

Figure VII.4 Floating Marine Macro Litter – densities of the transects uploaded during the 

cruises in 2017. 
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As in 2016, concentrations of floating litter at sea have been found to be highly variable, in 

some parts of the Black Sea very high concentrations, up to  810 items/km² were confirmed. 

The average concentration on all transects amount to 90.5, which corresponds well with 

previous researches by Suaria et al. (2015) where the concentration ranged between 30 and 

136 items/km² in the north-western Black Sea. 

For spatial distribution further monitoring activities with improved spatial and temporal 

coverage is needed. Harmonisation of protocols and methodologies, coordination of activities 

among all the observers is crucial to the obtaining results. 

VII.2.2. Beach litter  

In 2017 all beach litter observations during EMBLAS-II were made according to the 

methodology presented in “Guidance on Monitoring of Marine Litter in European Seas. JRC 

Scientific and Policy Report EUR 26113 EN. 2013” provided by the Technical Group on Marine 

Litter of Marine Strategy Framework Directive, a European Union legislation that aims to 

protect Europe´s seas and ensure its sustainable use. 

The acquisition of data during the monitoring sessions was conducted with the help of 

MarineLitterWatch Mobile Application based on guidelines (JRC 2013). It was developed by 

the European Environmental Agency to fill in the data gaps that hamper the implementation 

of essential measures towards litter-free coasts and seas taking into account both public 

involvement and scientific approach.  

All the activities were performed by each country separately planning them through the year 

round and by the means of individual observers or groups of volunteers. In some cases, old 

data was transferred to the EEA database. From each country 2-3 most representative sites 

were chosen (Figure VII.5, Table VII.3.). 

 

 
Figure VII.5. Beaches chosen for marine litter monitoring with MarineLitterWatch App in the 
frame of the EMBLAS project (in the left corner all beach litter watch activities of EEA). 
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Table VII.3. Coordinates of the beaches chosen for marine litter monitoring in the frame of 

the EMBLAS project. 

Country Beach name Latitude Longitude Nomber Of Events 

Georgia Kobuleti 41,895855 41,771141 1 

Georgia Ureki 41,995546 41,759216 1 

Russia Loo 43,671583 39,604244 1 

Russia Soсhi 43,565333 39,74163 1 

Russia Vostok 44,271146 38,804423 1 

Ukraine Sand spit 45,949308 30,31485 3 

Ukraine Chernomorka 46,346826 30,701592 3 

 

MarineLitterWatch web interface allows to upload the metadata of all the events and to make 

simple analysis of the data (Fig. VII.6-14). It is clear from the diagrams and confirmed by many 

previous researches that the absolutely dominated material in all Black Sea surveys was plastic 

74-87% (Fig.6-9). Much less spread was metal 4-11% and glass/ceramics 4-6%. Concerning 

prevailing litter items, the most popular were cigarette buts in Russia and Ukraine 24 and 46% 

of found items respectively and plastic caps and lids in Georgia - 21%. Less popular are crisps 

packets/sweets wrappers 4-9% in Georgian and Ukrainian surveys and polystyrene and bottle 

pieces of different size 3-9%. 

 

 
Figure VII.6 Distribution by material and top 10 items during beach litter monitoring 

events in Georgia the frame of the EMBLAS project in 2015. 
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Figure VII.7 Distribution by material and top 10 items during beach litter monitoring 

events in Russia in the frame of the EMBLAS project in 2017. 

 
Figure VII.8. Distribution by material and top 10 items during beach litter monitoring 

events in Ukraine in the frame of the EMBLAS project in 2017. 
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Figure VII.9. Distribution by material and top 10 items during all beach litter monitoring 

events along the Black Sea coasts in the frame of the EMBLAS project 2015-2018. 

The overall diagram illustrating the distribution by material during beach litter surveys in all 

three EMBLAS countries shows that 83% of found items were made from plastic (Fig. VII.9.). 

The rest insignificant part consists of metal (9%), glass/ceramics (4%), paper/cardboard (3%), 

processed/worked wood (2%), rubber and cloth/textile – both for 1%. The top items according 

to this data are cigarette butts 18%, plastic caps/drinks lids 12%, crisps packets/sweets 

wrappers 6%, then go plastic and polystyrene pieces, drink bottles of different size. The same 

picture is on the list of found items from all Black Sea countries (Fig. VII.10.) with even higher 

percentage of cigarette buts – 34%, other positions are almost the same. 

In total 8 monitoring events were performed with 586 m of beaches observed (Fig. VII.11., Fig. 

VII.12). 5534 items were collected and identified. Maximum items per event per 100 m was 

registered in Ureki, Georgia (2986), minimum in Sand Spit, Ukraine (105), average amount of 

items per event per 100 m was 989. 
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Figure VII.10 Most common litter items found during beach litter monitoring events along 

the Black Sea coasts in 2013-2018. 

 

 

Figure VII.11 Average amount of Items Per Event Per 100 Meter of beach during EMBLAS 

beach litter monitoring events. 

 

0

500

1000

1500

2000

2500

3000

3500

Kobuleti Ureki Loo Soсhi Vostok Sand spit Chornomorka

GE GE RU RU RU UA UA

Average Items Per Event Per 100 Meter of beach



Scientific Report – Joint Black Sea Surveys 2017 

 

543 

 

Figure VII.12 Total number of identified items per event during EMBLAS beach litter 

monitoring events. 

Comparing the results with other European seas we can see that the received data from the 

Black Sea is very much alike with the Mediterranean Sea beaches where already 380 

monitoring events have been conducted during last 5 years (Fig. VII.13.). The plastic 

percentage there is just the same (84%) and the most popular litter item are cigarette butts. 

The distribution among other litter items is almost the same like in the Black Sea, the only 

exception are cotton bud sticks which on the Mediterranean coasts reach 5% but in the Black 

Sea results are less than 1%. 

 

Figure VII.13. Distribution by material and top 10 items during all beach litter monitoring 

events along the Mediterranean Sea coasts in 2013-2018. 
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The situation on the Baltic Sea looks a little bit different (Fig. VII.13.). The results of 68 surveys 

held there show that the prevailing material is also plastic, however it reaches only 46% and 

the second major contaminant goes from chemicals (35%). In the Black Sea nor in the 

Mediterranean they are so extended (<1%). Paraffin/wax is the top in all found items (35%).  

This could point out on the significant source of contamination specifically for this region and 

probably is connected with oil production and transportation industry.  

 

Figure VII.14 Distribution by material and top 10 items during all beach litter monitoring 

events along the Baltic Sea coasts in 2013-2018. 

 

In 2017 all data on beach litter pollution of the Black Sea in the EMBLAS project was for the 

first time obtained using EEA application in all the projects countries. Whether some 

improvements still could be made, this is an outstanding instrument for collecting the data 

using one approach and methodology and allows to collect, store, compare, analyze and 

share the beach litter data from different events, beaches, countries, seas. However, the 

existing data on the Black Sea beach litter obtained during the EMBLAS project is too scarce 

to make proper conclusions concerning its density and composition along the whole Black 

Sea. Though, it could help to make the first steps in understanding its’ general features on 

some of the beaches. First of all, it is clear from all the events that plastic is absolutely 

prevailing material. Secondly, the most frequently noticed among all litter items were 

cigarette buts, plastic packaging and different sort of plastic fragments. Further monitoring 

activities with harmonized approach and wider temporal and spatial coverage will help in 

receiving more complete picture on beach litter pollution of the Black Sea. 
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VII.3. Results  

Floating litter 

• 144 transects with about 3140 km observed 

• Avg. transect length 22 km 

• 88 km² of surveyed surface 

• Avg. transect area 0.61 km² 

• 5338 litter items identified 

• 8 Transects with 0 items/km² 

• Average litter density 90.5 items/km² 

• Maximum litter density 810.2 items/km² 

Beach litter 

• 7 monitoring events performed 

• 586 m of beaches observed 

• 5534 items identified 

• Average amount per event – 638 

• Minimum items per event per 100 m - 105 

• Maximum items per event per 100 m - 2986 

• Average amount of items per event per 100 m – 989 

• Plastic is absolutely prevailing material – 83%  

• The most popular litter items were cigarette buts, plastic packaging and different sort 

of plastic fragments 

 

VII.4. Discussion 

Floating litter 

Marine litter surveys of 2017 as in 2016 showed again very high variability among transects as 

well as very high maximum concentration of floating litter. Nevertheless, the average 

concentration was estimated as medium and the numbers were confirmed by previous 

researches in the Black Sea. The patchiness in floating litter distribution on the sea surface 

could be connected with sources of litter in the sea and requires further observations and 

analyses.  
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Beach litter  

The existing data on the Black Sea beach litter obtained during the EMBLAS project is too 

scarce to make proper conclusions concerning its density and composition along the whole 

Black Sea. However, some general outputs already could be made. Further monitoring 

activities with harmonized approach and wider temporal and spatial coverage will allow to 

receive more complete picture on beach litter pollution of the Black Sea. 

 

VII.5. Conclusions 

• Marine litter, in particular plastic litter, is present in all Black Sea areas 

• Concentrations on the sea surface are very variable: 0 – 810 items/km² 

• Concentrations of litter in some areas were extremely high, confirmed on multiple 

transects 

• Monitoring organization, protocol implementation and reporting still needs to be 

improved 

• Need to improve spatial and time coverage, identification of hot spots and source areas 

 

VII.6. Gaps 

Spatial coverage 

EMBLAS surveys on the Black Sea and also previous surveys with marine litter investigations 

still don’t cover any sufficient area to make correct conclusions about litter distribution. 

However, the confirmation of previous results and achieving new data allows to estimate 

general density and sometimes register some patches of litter at the sea and thus make 

suggestions concerning its sources. Of course, further efforts will be needed to identify litter 

gradients and for identification of hot spots and in particular potential source areas. 

Further harmonisation 

At all organizational levels great efforts have been made during the project. Organized 

workshops, training courses as well as on-line webinars made this work possible and 

successful. However further harmonization among countries activities and data storing with 

online access is needed.  

Temporal coverage 

Given the start-up phase of monitoring in the Black Sea Area, the adequate regular frequency 

and temporal coverage of monitoring litter in the Black Sea areas matrices needs still to be 

established. Frequencies and monitoring schedules will depend on the initial datasets and the 

characteristics of the different monitoring matrices and environments. 
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VII.7. Recommendations 

Set-up of regular scheduled monitoring surveys embedded in monitoring programs 

• Monitoring protocols should be identified and in cases of ongoing development Black 

Sea experiences should be used to further improve these protocols. 

• Monitoring protocols should be implemented across the Black Sea through the BSC 

and be supported by training efforts which ensure a sustainable set-up of mid-term 

monitoring strategies. 

• Monitoring strategies should then be adjusted following the analysis of acquired data. 

• Spatial and temporal coverage of Black Sea areas should be provided according to 

identified needs. 

• Monitoring of marine litter should continue to be well coordinated with other 

monitoring efforts in order to increase resource efficiency. 

• Identification of priority and potential source areas 

• Hot spots areas, in particular those indicating source areas should be identified and 

reported with scientific evidence. 

• Use of ships-of-opportunity in order to increase the frequency of visual observation 

transects, including the use of emerging technologies, as e.g. camera surveys, if 

feasible. 

• Participate to international efforts for method harmonization, providing EMBLAS-II 

experience for improvement at global level. 
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VIII.1. Introduction 

The Black Sea is one of the most degraded ecosystems (BSC, 2007) in the world given its 

limited exchange of water with the open oceans and the intensive loads of pollutants carried 

on by large European rivers run off, such as Danube, Dnieper, Dniester and Southern Bug.  

According to an environmental survey funded by the European Union and the United Nations 

Development Programme (UNDP), the Black Sea has twice as much floating plastic as any 

other sea in Europe (Slobodnik et al., 2017). In particular, Lechner et al. (2014) presented 

results from a two-year (2010 and 2012) survey on plastic litter in the Danube (the second 

largest river in Europe) and estimated that 4.2 tonnes of plastic reached the Black Sea via the 

river per day. In general, only 10% of plastic litter comes from fishing and shipping activities, 

whereas the remaining 90% is from land sources, such as rivers run-off, coastal cities, ports, 

wastewater treatment plants, uncontrolled coastal landfills (Andrady, 2011). However, the 

Black Sea is one of the major fishing areas in the world (FAO, 2015), thus this activity could 

also contribute with a high load of plastics to the marine environment. In the last decade, 

plastic litter has gained increasing attention from researchers, stakeholders, regulatory 

authorities, and public, both locally and globally, for its impacts in oceans and freshwaters 

around the world. In particular, microplastics (MPs), defined as plastic particles with a 

diameter less than 5 mm, may originate from the breakdown of larger plastic litter through 

i.e. degradation by UV-radiation, physical forces, or be already manufactured in such small 

size (i.e. use in cosmetic products). MPs have been found in aquatic environments, including 

beaches, in ocean surface waters, deep sea sediments, freshwater lakes and tributaries, and 

there are growing concerns about their potential hazard effects on biota, because its size 

allows its interactions with marine organisms (Cole et al. 2011). Moreover, MPs and their 

associated or adsorbed toxic chemicals might lead to more negative effects on ecosystems 

and human health. MPs can float at the sea surface or sink and accumulate in the sediments. 

In a recent study (Aytan et al., 2016) determined MPs from zooplankton samples collected 

during two cruises along the Southeastern coast of the Black Sea between 2014 - 2015 and 

found a prevalence of fibers (49.4%), followed by films (30.6%) and fragments (20%), and 

average concentrations of 1.2±1.1x103 p m-3 in November 2014 and 0.6±0.55 x 103 p m-3 in 

February 2015, respectively. MPs identification was performed using a Focal Plane Array (FPA) 

FTIR 2D Imaging without any potentially invasive pre-treatment of the samples. In fact, FPA 

detector, with enhanced spatial resolution (from ca. 1 to 5 µm), has emerged as an 

advantageous method to identify MPs, as it allows to identify small MPs on relatively large 

areas (millimeters or centimeters) in short times (Harrison et al., 2012; Löder et al., 2015; Tagg 

et al., 2015). Moreover, a recent paper has shown the detection and identification of MPs 

using FPA detectors even on complex biogenic matrices (Cincinelli et al., 2017), without the 

need to separate the plastic samples from the filters and membranes where they are 

collected, so to avoid lengthy processes or alteration of the samples.  

Until now, only a limited number of global surveys have been conducted on the quantity and 

distribution of microplastics in the oceans (Lusher 2015). Especially limited information there 

is on MPs in deep sediments and no data is available for sediments in the Black Sea. Under the 

EU/UNDP project “Improving Environmental Monitoring in the Black Sea (EMBLAS-II)”, in 
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cooperation with the governments and research institutions of Georgia, Russian Federation 

and Ukraine, different research activities were conducted in 2016 and 2017 (Slobodnik et al., 

2017) to achieve critical amount of data needed to assess indicative environmental status of 

the Black Sea, in line with the Marine Strategy Framework Directive (MSFD) and the Black Sea 

Strategic Action Plan needs. According to the knowledge of the authors, in the present study 

the occurrence, morphology and identification of MPs in Black Sea sediments collected at 

different depths (range 22 – 2131 m) were determined for the first time. 

VIII.2. Materials and methods 

VIII.2.1. Sample collection 

Undisturbed sediment samples were collected, under calm conditions, on two latitudinal 

transects across the Black Sea, using Van Veen grab and Box corer sampling techniques in 

order to reach different depths, ranging 22 – 62 m and 1165 – 2131 m, respectively. Sample 

names, locations, coordinates and water depths were detailed in Table VIII.1. A total of 12 

sediment samples (about 5 cm depth) was collected (Figure VIII.1) and frozen at -20 °C until 

analysis. All sample extractions were performed in a clean room and under a laminar flow 

hood, in order to avoid any contamination. In addition, the laboratory surface was routinely 

wiped down and all beakers, containers, funnels and tools were washed, rinsed with filtered 

deionized water (0.8 m membrane filter) before and after each use, and stored covered in 

aluminum foil. As additional precautions, all clothes in the lab were made of cotton and/or 

natural fibers and the materials used for analysis were made of glass or stainless steel when 

possible. Potential airborne microplastic contamination during sample processing was 

determined by exposing damp filter paper to the air in the laboratory.  

 

Figure VIII. 1 An overview map of sampling stations during the Joint Open Sea Survey 2017 

(for a list see Table VIII.1). 
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Table VIII. 1 – A list of the monitoring sites in the Joint Open Sea Survey 2017 where bottom 

sediments were sampled for analysis of MP 

.Site No.  Description 

Coordinates 

Depth [m] Latitude 

(northern) 

Longitude 

(eastern) 

JOSS-GE-UA -1A Danube region 45º 12′ 29º 49′ 22 

JOSS-GE-UA -1B Dniester region 46º 12′ 30º 49,9′ 23 

JOSS-GE-UA -1 Damping region  46º 23′ 31º 01′ 25 

JOSS-GE-UA - 2 NWBS 45º 13′ 31º 14′ 53 

JOSS-GE-UA - 3 Open sea 44º 51′ 31º 20′ 62 

JOSS-GE-UA - 4 Open sea 44º 06′ 31º 34′ 1165 

JOSS-GE-UA - 5 Open sea 43º 24′ 31º 50′ 1919 

JOSS-GE-UA - 6 Open sea 43º 25′ 32º 52′ 2088 

JOSS-GE-UA - 8 Open sea 43º 32′ 36º 04′ 2131 

JOSS-GE-UA -9 Open sea 42º 14′ 39º 53′ 1905 

JOSS-GE-UA - 10 Open sea 42º 06′ 40º 20′ 1795 

JOSS-GE-UA -11 Open sea 41º 56′ 40º 50′ 1543 

VIII.2.2. Microplastic extraction 

All samples were treated according to the procedure described in detail below, which refers 

to “DeFishGear Protocols for sea surface and beach sediment sampling and sample analysis” 

(http://mio-ecsde.org/wp-content/uploads/2016/08/Beach-litter_monitoring-

methodology.pdf), with some modifications (Blašković et al., 2016). Briefly, 100 g of dry 

sediments were analysed for each sample. Aliquots of 25 g were put in a glass beaker and then 

a saturated NaCl solution was added, shaken for 2 min and left for sedimentation. After 2 h, 

the solution was decanted. The supernatant, which contained the plastic items, was filtered 

through a Büchner glass funnel. The extraction was repeated three times for each sample, 

using the same glass filter to increase recovery efficiency. The use of NaCl saturated solutions 

is recommended since it is an unexpensive and eco-friendly salt (Galgani et al., 2013). MPs 

were classified according to size, shape and colour categories.  

2D Imaging-Fourier Transform Infrared  

The 2D imaging-Fourier transform infrared (FTIR) analysis of the plastic microfibers was 

carried out directly on the dry filters (with no further sample preparation) using a Cary 620-

670 FTIR microscope, equipped with an FPA 128x128 detector (Agilent Technologies). The 

spectra were recorded directly on the surface of the samples (or of the Au background) in 

reflectance mode, with open aperture and a spectral resolution of 8 cm-1, acquiring 128 scans 

for each spectrum. A “single-tile” analysis results in a map of 700 x 700 µm2 (128 x 128 pixels), 

and the spatial resolution of each Imaging map is 5.5 µm (i.e. each pixel has dimensions of 5.5 

x 5.5 µm2). All fibers were analyzed with this method. In each 2D map, the intensity of 

characteristic bands of the investigated plastic polymer was imaged. The chromatic scale of 

the maps shows increasing absorbance of the bands as follows: blue < green < yellow < red.  
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VIII.3. Results and Discussion 

VIII.3.1. Microplastic abundance and polymer composition 

A total of 129 items were identified as microplastics. 12 samples of bottom sediments were 

analyzed. MPs were found in 10 out of 12 samples (83%). MPs were not found in the sediment 

samples from the sites JOSS-GE-UA-10 and JOSS-GE-UA-11, however it does not imply that no 

MPs were present there at all as at each site was taken only one sample with too small volume 

of sediments (about 100 g). It is considered to be not enough to make an objective conclusions 

concerning the presence of MPs. The abundances varied between 0 and 390 items/kg, and 

the average number is 107,5 items/kg..  

Five out of twelve samples were taken in the depths less than 62 m, the average abundance 

of MPs there was 228 items/kg. Other 7 samples from the depths more than 1000 m, showed 

an average abundance 21 items/kg. So, the abundance of MPs on the shelf was much higher 

than in the deeper open sea sediments (Fig. VIII.2). 

 

Figure VIII.2 The abundance of microplastics in the sediments at the JOSS GE-UA 2017 

sampling stations. 

Maximum microplastics abundance was found at site JOSS-GE-UA-1 (390 items/kg), a 

nearshore sediment, followed by JOSS-GE-UA-1B (270 items/kg) and JOSS-GE-UA-3 (190 

items/kg) sediments. All these stations are situated in the North-Western shelf, a discharge 

area impacted by major rivers, such as the Danube and Dnieper, flowing into the Black Sea. 

Their large drainage area, a lot of industrialized cities on their banks as well as constantly 

increasing density of population along the coast lines lead to elevated levels of pollution in 

their waters. River run-off is among the main sources of the Black Sea pollution and the highest 

contribution is expected from the Danube River comprising ca. 80% of the total river flow 

input (Slobodnik et al., 2017). A recent study estimated that 4.2 tonnes of plastic reaches the 

Black Sea via the Danube per day (1533 tonnes every year) (Lechner et al., 2014). Long-term 

investigations also show that main ecological problems of the Black Sea are most actually 
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showing in the inshore and in the shelf zones, where the maximal influence of the sources of 

contamination is being observed (State of the Black Sea Environment, 2002).  

Comparing the spatial distribution of MPs with the floating litter data received during the Joint 

Black Sea Survey 2017 (ML Chapter VII, part I, Fig. VII.4) it can be seen that the high density 

transects on the North-Western shelf correlate well with high abundances of MPs in 

sediments in the same region, however there is no correlation on the Eastern part of the route 

where the floating litter observations showed very high densities, but no MPs was found in 

the deep sea sediment samples. For more informative conclusions further monitoring with 

improvements of the applied sampling methodology is needed.  

Microplastic contamination loads in Black Sea sediments are comparable to those reported in 

other European seas, such as North Sea locations, harbours and beaches in Belgium (Claessens 

et al. 2011), Jade System in Germany (Dubaish and Liebezeit, 2013), and in sediments from 

the Changjiang Estuary (China) (Peng et al., 2017) but lower than those determined in 

Mediterranean Sea sediments, such as in Venice lagoon (Vianello et al., 2013) and in a canal 

in Tokio Bay (Japan) (Matsugama et al., 2017). However, MP concentrations in marine 

sediments from around the world may also vary significantly because different factors may 

play a fundamental role for abundance of plastic pollution. Moreover, the lack of a 

standardized sampling protocol, which leads to different units (items m-2, items kg-1) of 

microplastic abundance, makes the comparability of data more difficult. 

The most frequent microplastic colours observed were black, blue and clear/transparent. The 

most frequent colours found in each sample are black, blue and clear. The most frequent 

colours found in each sample are black, blue and clear. As also evidenced by Claessens et al. 

(2011), fibers represented the dominant microplastics in sediments. Fibers varied in colour 

(47.7% black, 28.1% blue, 4.7% light blue, 7% red, 3.1% violet, 3.9% green and 5.5% 

transparent) and lengths, from tens of microns (most abundant in near shore samples) to 

several millimeters. 

 

Figure VIII.3 Distribution of various polymer types in the JOSS GE-UA 2017 sediment 

samples. 
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Various polymer types were found, including polyethylene and polypropylene (PE/PP), 

polyamide (nylon), acrylate/PE-acrylates, rayon, polyvinyl chloride (PVC) (see Figure 3). The 

relative abundance of each type of MP was as follows: PE/PP (44%), polyamide (32%), 

acrylates and polyethylene-acrylate copolymers (13%), rayon (4%), PVC (5%) and not-

identified polymers (2%).  

The sea floor can be considered a sink for marine plastics but the deposition mechanisms are 

still not clear (Goldberg, 1997). In general, dense plastics such as nylon (about 1.12 - 1.15 g 

cm-3), PVC (1.38 - 1.41 g cm-3) and polyethylene terephthalate (PET) (1.38 - 1.41 g cm-3) tend 

to sink in the water column and deposit in the sea floor (Andrady, 2010), while PE (0.85 – 0.92 

g cm-3) and polystyrene (PS) (1.04 – 1.06 g cm-3) will prefer to float at the sea surface (Vianello 

et al., 2013). However, the low presence of high density MPs in the Black Sea sediment 

samples could be due to the choice of the NaCl saturated solution used for the MPs extraction, 

which is able to lift preferentially MPs with similar density. The presence of less dense plastics, 

such as PE and PP, could be related to the possible biofouling of floating plastic items that 

could increase their density and favor their transport/sink to the sea floor (Lobelle and Cunlife, 

2011). This transport, could be also influenced by sea water turbidity, due to storms and wind, 

which imply surface mixing and consequent redistribution of light MPs in the water column, 

and also to degradation which may change the apparent density of polymers.  

PE and PP, which are the most abundant polymers in this study, are also the most common 

plastics used in wide applications (i.e. bottle caps, food wrappers, plastic bags, packaging and 

fishing line). The neutral to negative buoyancy of polyamide may also lead to its accumulation 

at depth (Cole et al., 2016). In fact, high concentrations of polyamide fibers (i.e. nylon) were 

expected based on maritime usage, in particular fishing activities.  

The composition of MPs in Black Sea sediments included synthetic fibers such as rayon and 

acrylic/acrylates. Acrylates could derive from synthetic textiles, thus laundering could be a 

source of MPs in sewage treatment plants, whose outlets enter the marine environment.  

Rayon was also identified prevalently in sediments from lesser depths. It is not a plastic but it 

was included in our results because it is the oldest commercial manufactured fiber made from 

regenerated cellulose fiber and widely reported as present in the marine environment. Its 

fibers possess a range of well-known properties, including flame retardants and super 

absorbent ability, meeting the demands for a wide variety of uses. Rayon is used in cigarette 

filters, personal hygiene products (e.g. wipes, napkins) and clothing, and it may be introduced 

to the marine environment through wastewater and sewage, including the input from washing 

machines (Frias, 2016). This high percentage of rayon in sediments is in agreement with recent 

results published by Woodall et al. (2014), regarding deep sea sediments from NE Atlantic, 

Mediterranean, SW Indian, subpolar North Atlantic, and by Frias et al. (2016), reporting MPs 

data in coastal sediments from Southern Portuguese shelf waters. Rayon has also been 

documented in fish samples (57.8% of synthetic particles ingested) (Lusher et al., 2013) and in 

ice cores (54%) (Obbard et al., 2014).  
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VIII.3.2. Identification of MPs by 2D FTIR Imaging 

2D FTIR Imaging was performed to validate MP identification and facilitate comparison with 

other studies. The scope of the 2D Imaging FTIR analysis was to identify the plastic fibers 

deposited on, or embedded in, a composite inorganic-organic substrate that included glass 

fiber (the filter), calcium carbonate, sand and algae coming from marine sediments. The main 

challenge is due to the presence of several bands in the spectra of the substrate, which 

interfere with those of the plastic polymers. It should be noted that the distribution of the 

different components (organic, inorganic) of the substrate is highly heterogeneous across the 

full field of view of the IR microscope (700 x 700 µm2). Therefore, subtracting the spectra of 

the substrate from those of the analytes did not make the assignment of the polymers’ bands 

significantly clearer. Nonetheless, it was possible to identify different classes of polymers by 

direct imaging of diagnostic bands. 

Figures below X-Y show representative cases. For each example reported, beside a 

representative spectrum of the fiber, a spectrum of the filter substrate is also shown, 

representative of pixels (5.5 x 5.5 µm2 each) neighboring the fiber in the map. The bands 

observable in the spectra of the filter substrate include absorptions at 3625 (OH stretching of 

hydration water in pyllosilicates (Moenke, H.H.W., 1974), 3400-3100 (OH stretching cellulose, 

algae (Stehfest, K., et al., 2005), 3000-2800 (CH stretching, algae; calcium carbonate 

absorptions, sediment (Ricci, et al., 2006), 2518 (1+3 calcium carbonate), 1795 (1+4 

calcium carbonate), 1660-1640 (OH bending, water in cellulose; amide I, proteins in algae), 

1560-1300 (amide II, proteins; CH2 and CH3 bending of organic sediment; antisymmetric CO3
2- 

stretching, 3 calcium carbonate), 1200-1030 (Si-O-Si stretching, silicates; (C-O-C) of 

saccharides in algae), and 930 cm-1 (bending vibrations, silicates (Chen, et al., 2014).  

Figure PE1 shows a dark blue fiber of ca. 30 µm thickness, that extends for more than 700 µm 

through the field of view of the microscope. The spectra collected on the fiber show enhanced 

absorption, with respect to the filter’s spectra, in the 3000-2800 cm-1 region (CH stretching), 

at 1435 (δas CH2) and 1376 cm-1 (δs CH3), and between 3540 and 3120 cm-1 (OH stretching). No 

reproducible bands ascribable to other functional groups were observed across the fiber’s 

surface. The CH stretching, δas CH2, and δs CH3 absorption bands were assigned to 

polypropylene (Barbes et al., 2014), while the OH stretching band (along with the OH bending 

centered at 1640 cm-1) was assigned to the presence of water adsorbed on the fiber. The lower 

imaging contrast obtained for the bands at 1435 and 1376 cm-1, as opposed to the CH 

stretching bands, is due to the fact that the filter substrate has intense absorptions and a high 

absorbance background in the fingerprint region below 1800 cm-1. It must be noted that also 

PE has characteristic δas CH2 and δs CH3 bands around 1470 and 1370 cm-1, even if the latter 

can be significantly weaker than that of PP, owing to the decreased number of –CH3 groups 

(Gulmine et al., 2002).  
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Figure PE1. 

(Top left) Visible light map of the filter substrate, with marine sediments and a plastic 
microfiber lying on it. (Top right and center panels) 2D FTIR Imaging maps, where the 

intensity of the following bands was mapped: 3000-2800 (CH stretching region), 1435 (as 

CH2), and 1376 cm-1 (s CH3). The chromatic scale of each map qualitatively shows the 
absorbance intensity as follows: blue, green, yellow, red. Maps have dimensions of 700 x 700 

µm2 (1 tick = 50 µm). The bottom panel shows the FTIR Reflectance spectra of the plastic 
microfiber and of the filter substrate. Each spectrum relates to a single pixel (5.5 x5.5 µm2) 

of the 2D Imaging maps. 

 

Figure PE2 shows a dark blue fiber of ca. 50 µm thickness, almost fully embedded in the 
sediments on the filter substrate. Only a limited portion (ca. 200 µm long) of the fiber is visible. 
The spectra of the filter substrate around the fiber show intense absorptions of calcium 
carbonate. In particular, the presence of calcite bands at 2980, 2926 and 2854 cm-1 [Sanchez 

de Rojas e al.,2004] and the 3 band, showing a derivative shape [Ricci et al., 2006], made the 
identification of the embedded fiber particularly challenging. Nonetheless, the spectra 

collected on the exposed surface of the fiber show distinctive bands at 2972 (as CH3), 1469 
(δas CH2), and 1386 cm-1 (δs CH3), while no bands ascribable to amides or esters were observed. 

The as CH3 band has high intensity all across the exposed fiber surface, as clearly shown in the 
chromatic imaging map (red pixels that match the shape of the exposed fiber surface). Instead, 
the δas CH2 and δs CH3 bands fall in a spectral region where the filter substrate exhibits high 

absorbance, corresponding to the positive peak of the intense 3 band of calcite. Therefore, 
when those bands are imaged, the exposed portion of the fiber appears as a low-absorbance 
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area (blue pixels) in the midst of the substrate (yellow-red pixels). Finally, the fiber’s spectra 
show an absorption band centered at 1718 cm-1, clearly highlighted by the imaging map. This 
band was assigned to the C=O stretching of oxygenated groups, e.g. ketones and carboxylic 
acids [Gardette, et al., 2013], which form during the abiotic oxidation of polyethylene and 
polypropylene [Gewert et al., 2015]. Considering that oxidation rates depend strongly on used 
additives (either anti-oxidants as stabilizers, or pro-oxidant to favor degradation of plastics), 
the presence of oxidation bands can occur discontinuously in the spectra of plastic fibers 
belonging to the same polymer class. Overall, 44% of the investigated microplastics were 
identified either as polypropylene or polyethylene fibers.  

 

Figure PE2. 

(Top left) Visible light map of the filter substrate, with marine sediments embedding a plastic 
microfiber. (Top right and center panels) 2D FTIR Imaging maps, where the intensity of the 

following bands was mapped: 2972 (as CH3), 1718 ( C=O), 1469 (as CH2), and 1386 cm-1 (s 
CH3). The chromatic scale of each map qualitatively shows the absorbance intensity as 

follows: blue, green, yellow, red. Maps have dimensions of 700 x 700 µm2 (1 tick = 50 µm). 
The bottom panel shows the FTIR Reflectance spectra of the plastic microfiber and of the 
filter substrate. Each spectrum relates to a single pixel (5.5 x5.5 µm2) of the 2D Imaging 

maps.  

 

Figure PVC illustrates the most problematic case that was found in this study. While enhanced 

absorptions between 3550-3100 (OH stretching region) and 3000-2800 cm-1 (CH stretching 

region) were reproducibly observed across the fiber’s surface, the bands at 1469, 1358, 1274 
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and 1158 cm-1 were observed discontinuously, along with a band at 990 cm-1. Because the 

filter substrate exhibits high absorbance in the 1800-1000 cm-1 region, it was not possible to 

obtain a neatly contrasted image of the fiber when those bands were imaged. Therefore, only 

a tentative assignment could be hypothesized, possible candidates being PE/PP or PVC. The 

latter was considered owing to the presence of the bands at 1358, 1274, and 990 cm-1, 

however, it must be noted that the three peaks fall at higher wavenumbers (20-25 cm-1 

difference) than the corresponding main bands found in the transmittance spectra of PVC 

films, respectively 1332 (CH2 deformation), 1255 (C-H rocking), and 959 cm-1 (trans C-H 

wagging) [Ramesh et al., 2008]. The C-Cl stretching band of PVC falls at 835 cm-1, i.e. outside 

the range of the FPA detector, therefore an unequivocal identification of PVC was not possible 

in this case. 

 

Figure PVC. 

(Top left) Visible light map of the filter substrate, with marine sediments and a plastic 
microfiber lying on it. (Top right and center panels) 2D FTIR Imaging maps, where the 

intensity of the bands between 3550-3100 (OH stretching region) and 3000-2800 cm-1 (CH 
stretching region) was imaged. The chromatic scale of each map qualitatively shows the 

absorbance intensity as follows: blue, green, yellow, red. Maps have dimensions of 700 x 700 
µm2 (1 tick = 50 µm). The bottom panel shows the FTIR Reflectance spectra of the plastic 

microfiber and of the filter substrate. Each spectrum relates to a single pixel (5.5 x5.5 µm2) 
of the 2D Imaging maps. The absorptions at 1469, 1358, 1274 and 1158 cm-1 were observed 

discontinuously across the fiber surface. 
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The clear identification of a polyamide fiber is shown in Figure NYL. The spectra collected on 

the fiber show enhanced absorptions, with respect to those of the filter substrate, in the 3445-

3265 (hydrogen bonded N-H str.) and 3000-2800 cm-1 region (CH stretching), as well as at 1688 

(amide I) and 1562 cm-1 (amide II) [Porubuska et al., 2012]. No carbonyl bands were observed, 

which excluded the presence of esters (acrylates, phthalates). 32% of the investigated 

microplastics were identified as polyamide fibers.  

 

Figure NYL. 

(Top left) Visible light map of the filter substrate, with marine sediments and a plastic fiber 
lying on it. (Top right and center panels) 2D FTIR Imaging maps, where the intensity of the 

following bands was mapped: 3445-3265 (hydrogen bonded N-H str.), 3000-2800 (CH 
stretching region), 1688 (amide I), and 1562 cm-1 (amide II). The chromatic scale of each map 
qualitatively shows the absorbance intensity as follows: blue, green, yellow, red. Maps have 
dimensions of 700 x 700 µm2 (1 tick = 50 µm). The bottom panel shows the FTIR Reflectance 
spectra of the plastic microfiber and of the filter substrate. Each spectrum relates to a single 

pixel (5.5 x5.5 µm2) of the 2D Imaging maps. 
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The identification of ester polymers was less straightforward. Figure ACR shows two fibers of 

20-30 µm thickness, extending across the microscope field of view. The spectra collected on 

the fibers show intense absorptions in the 3000-2800 cm-1 region (C-H stretch), as well as 

bands at 1735 (or 1738) (C=O stretching), 1446 (or 1450) (as CH2), and 1369 cm-1 (s CH3). The 

carbonyl stretching band is sharp, and has comparable intensity to the as CH2 band, which 

could indicate the presence of acrylate fibers. In fact, a less intense and broader peak (with 

shoulders in the 1710-1720 cm-1 range) would be expected for oxidized polyethylene 

(Gardette et al., 2013). The band at 1230 cm-1 (with a shoulder around 1180 cm-1) has 

enhanced intensity in the spectra of the fibers, as shown in the imaging maps. This band could 

be assigned to the C-O-C stretching of acrylate copolymers (Duan et al., 2008), even though 

the relative intensity of the two band components is often reported as inverted (i.e. higher 

intensity at 1180 cm-1). Elsewhere, a strong absorption at 1240 cm-1 was reported both for 

poly(vinyl acetate), which displays several bands at similar wavenumbers than acrylate 

copolymers (Chelazzi et al., 2014), and polyester (e.g. PET). However, in the case of PET, a 

lower relative intensity of the as CH2 (1450 cm-1) and s CH3 (1369 cm-1) bands with respect 

to the carbonyl stretching peak would be expected, as well as the presence of bands for 

aromatic CH stretching at 3010 cm-1, and aromatic skeletal stretching at 1410 cm-1 (Andanson 

and Kazarian, 2008; Grover et al., 2010; Chen and Hay, 2012). The hypothesis that the carbonyl 

groups could be due to the presence of plasticizers (e.g. dioctyl phthalate, DOP) was 

considered too. However, the spectrum of DOP should exhibit, besides the carbonyl band, 

peaks at 1270, 1120 and 1070 cm-1 (C-O stretching), which were not clearly observable in the 

spectra of the fibers. 

Finally, the spectra of both fibers show a sharp peak at 2240 cm-1, which was clearly 

highlighted in the imaging maps, which was previously assigned to the C≡N stretching of a dye 

(Cincinelli et al., 2017).  
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Figure ACR. 

FTIR 2D Imaging of filter substrates with marine sediments and plastic fibers. For both 
images, the panel order is as follows: (Top left panel) Visible light image; (Top right and 
center panels) 2D FTIR Imaging maps, where the intensity of the following bands was 

mapped: 3000-2800 (CH stretching region), 2240 (assigned to C≡N vibration), 1735 (or 1738) 

(C=O stretching), 1446 (or 1450) (as CH2), 1369 (s CH3), and 1230 (or 1240) cm-1 (C-O-C 
stretching). The chromatic scale of each map qualitatively shows the absorbance intensity as 
follows: blue, green, yellow, red. Maps have dimensions of 700 x 700 µm2 (1 tick = 50 µm). 
The bottom panel shows the FTIR Reflectance spectra of the plastic microfibers and of the 

filter substrate. Each spectrum relates to a single pixel (5.5 x5.5 µm2) of the 2D Imaging 
maps. 

 

Similar considerations apply to the case illustrated in Figure COP, where reproducible aliphatic 

C-H stretching, C=O stretching, as CH2, and s CH3 bands were observed across the fiber’s 

surface. In this case, however, the carbonyl band has decreased intensity, and no enhanced 
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absorptions at 1270-1230, 1120 and 1070 cm-1 were observed. Therefore, we hypothesized 

that the fiber could be composed of a polyethylene-acrylate copolymer. The sharp C≡N 

stretching peak at 2240 cm-1 was again clearly highlighted. Overall, 13% of the analyzed fibers 

were assigned to acrylate or PE-acrylate copolymers. 

 

Figure COP. 

FTIR 2D Imaging of filter substrates with marine sediments and a plastic fiber. (Top left 
panel) Visible light image; (Top right and center panels) 2D FTIR Imaging maps, where the 

intensity of the following bands was mapped: 3000-2800 (CH stretching region), 2240 

(assigned to C≡N vibration), 1726 (C=O stretching), 1450 (as CH2), and 1369 cm-1 (s CH3). 
The chromatic scale of each map qualitatively shows the absorbance intensity as follows: 

blue, green, yellow, red. Maps have dimensions of 700 x 700 µm2 (1 tick = 50 µm). The 
bottom panel shows the FTIR Reflectance spectra of the plastic microfibers and of the filter 

substrate. Each spectrum relates to a single pixel (5.5 x5.5 µm2) of the 2D Imaging maps. 
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The fiber shown in Figure RYO was identified as rayon, thanks to the presence in the related 

spectra of a wide and intense band in the 3500-3100 cm-1 range (O-H stretching, hydroxyl 

groups of anhydroglucose unit), enhanced absorptions between 3000 and 2900 cm-1 

(stretching of methyl and methylene C–H bonds), and a broad and intense band between 1160 

and 1060 cm-1, with a maximum at 1126 cm-1 (overlapping of C-C and C-O bands) (Canché-

Escamilla, G. et al., 2006). No reproducible diagnostic bands of functional groups ascribable to 

polyethylene or polypropylene, esters, PVC or polyamides were found in the spectra collected 

across the fiber’s surface. 

 

Figure RYO. 

(Top left) Visible light map of the filter substrate, with marine sediments and a plastic fiber 
lying on it. (Top right and center panels) 2D FTIR Imaging maps, where the intensity of the 

following bands was mapped: 3500-3100 (O-H stretching), 3000-2800 (CH stretching region), 
and 1126 cm-1 (overlapping of C-C and C-O bands). The chromatic scale of each map 

qualitatively shows the absorbance intensity as follows: blue, green, yellow, red. Maps have 
dimensions of 700 x 700 µm2 (1 tick = 50 µm). The bottom panel shows the FTIR Reflectance 
spectra of the plastic microfiber and of the filter substrate. Each spectrum relates to a single 

pixel (5.5 x5.5 µm2) of the 2D Imaging maps. 
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VIII.4. Conclusions 

The abundance, extent and spatial distribution of MP contamination of sediments were 

determined across the Black Sea using samples obtained within the Joint Black Sea Survey 

2017. MPs were determined in 83% of samples. The average abundance in all samples was 

107,5 items/kg. The highest pollution occured on the North-Western shelf where the 

abundance of MPs was 10 times higher than in sediments from the deep sea. A fully non- 

invasive method was used for analysis, consisting of filtration of the supernatant from the 

mixture of sediment with saturated NaCl solution followed by µFTIR Reflectance analysis of 

the dried filter with an FPA detector with high spatial resolution. The non-invasiveness of the 

analytical set-up avoids bias from potential contamination of the samples, and allows 

subsequent analysis of the filter in order to determine other classes of contaminants. The 

results showed the predominant abundance of PE/PP, polyamide and acrylate MPs in the 

samples. This correlates well with the global plastics production according to Brien, S.et al. 

(2007), where PE (used in production of plastic bags, bottles, netting, drinking straws) 

amounts to 38% and PP (commonly used for ropes, bottle caps, netting) reaches 24% of 

plastics production in the world. Consequently, PE and PP in particular have high likelihood of 

ending up in the ocean environment (Andrady, 2011). Geographical aspects of the Black Sea 

like high isolation from the World Ocean, the drainage area which exceeds its surface many 

times, intensive recreational and maritime uses of the sea, as well as constantly increasing 

population along the coast line make it specifically exposed for microplastics accumulation. 

And there is no doubts that in the nearest future the abundance of marine litter in the Black 

Sea will only grow which is clear from the floating marine litter picture described in Marine 

Litter Chapter VII, Part I. 

From an analytical standpoint, the study explored the advantages and limitations of FTIR 2D 

Imaging for the identification of plastic microfibers lying on, or almost completely embedded 

in, composite organic-inorganic matrices containing salts, algae and sand. The direct 

identification of plastic polymers was possible in several cases, including PE/PP, polyamides, 

and rayon fibers. Esters were clearly identified, even though in some cases differentiating 

among classes with similar functional groups (e.g. acrylates, poly (vinyl acetate)) can be 

challenging when the filter substrate neighboring the fibers exhibits intense absorptions in the 

1800-1000 cm-1 range. The most difficult case involved the identification of PVC, which was 

problematic owing to interferences by the filter matrix, and to the FPA detector cut below 900 

cm-1. Nonetheless, the proposed methodology confirmed its potential for assessment of 

presence of microplastics in the marine environment. 

VIII.5.  Recommendations 

For more information on the extent and distribution of MPs in the Black Sea further 

monitoring activities with wider spatial coverage and impoved sampling methodology is 

needed. It is recommended to enlarge the volume of sediment samples and also to make a 

duplicate sample from each site to receive more complete datasets. 
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IX.1. Summary of progress 

EMBLAS-II project has been successful in the implementation of the key planned activities. 

Good results of scientific work were achieved and endorsed by the project beneficiary 

countries, in particular related to the Joint Black Sea Surveys 2016 and 2017. Goals, supported 

with the current achievements of the EMBLAS-II project, have been officially placed among 

the governmental priorities of Ukraine in 2017 and highly esteemed by the Ministry of 

Environment and Natural Resources Protection of Georgia.  

After a long period of no systematic monitoring in the north part of the Black Sea (GE, RF, UA) 

due to a lack of funds, ships, obsolete equipment and legislation dating back to the times of 

Soviet Union, a holistic analysis of all relevant biological parameters (water fauna and flora) 

together with relevant supporting general physico-chemical and hydrological parameters took 

place using sampling and analysis methodologies harmonised among the countries. A 

coordinated effort has been made to assess the indicative ecological (Water Framework 

Directive - WFD; coastal zones) and environmental (Marine Strategy Framework Directive - 

MSFD; territorial waters) status based on the commonly agreed status classification schemes. 

A map of the Black Sea was created with areas highlighted indicatively as not being in 'good 

status' and thus deserving further attention of environmental authorities in GE, RF and UA.  

A state-of-the-art chemical analyses required by the EU water legislation (MSFD, WFD) were 

performed with the assistance of leading EU laboratories involving also the EC JRC laboratory 

in Ispra, Italy. Next to the detailed study on the occurrence of the EU WFD priority substances 

in water, sediment and biota (fish and mussels) samples a first attempt has been made to 

identify the Black Sea Specific Pollutants. Samples from 12 sampling sites spread across the 

sea were screened for presence of more than 2400 chemicals by the latest available analytical 

techniques and pollution patterns were established for a wide range of industrial chemicals, 

pharmaceuticals, personal care products, flame retardants etc. In addition, the samples were 

screened for presence (or absence) of more than 40,000 chemical substances defined by the 

NORMAN network and stored in the Digital Sample Freezing Platform database for future 

retrospective screening (reducing the need to organise additional expensive field surveys). 

Exceedances of toxic limit concentrations of several EU WFD priority substances in water and 

biota samples analysed within the project are certainly of high environmental concern 

regionally and globally and should be verified in order to decide if (expensive) corrective 

programmes of measures are to be applied.  

In a follow up of the first trial in marine floating litter monitoring it has been confirmed that 

the Black Sea may be one of the most polluted European seas. Analysis of microplastics in 

Black Sea sediments has shown their uniquitos presence across the sea and higher 

concentrations in the shelf areas compared to the deep sea. 

A general level of eutrophication of the Black Sea seems to get better, however, there are 

signs that the overall level of the oxygen saturated layer where most of the 'Black Sea life' is 

maintained is decreasing over the time (the 'dead zone' of anoxic H2S layer from under ca. 100 

m down to 2000+ m depth possibly moving up), which might cause an environmental disaster 
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if not properly monitored, understood and prevented on time. There are signs that the most 

important Marine Protected Area in the Black Sea – Zernov’s Phyllophora Field, is recovering.  

An unique eDNA analysis of Black Sea water samples was carried out in cooperation with the 

University of Nanjing, China and presented for the European COST Action DNAquaNET 

network. The first results showed that the novel techniques can be of importance at i.a. 

determination of invasive species. 

The metagenomics analyses of water and sediment samples (incl. those taken at more than 

2000 m depth) has shown that there are bacteria able to degrade organic pollution. Ability of 

the Black sea microbiota to degrade organic pollutants was confirmed by the activity of the 

genes expression responsible for oxygenation and dechlorination of chlorinated compounds. 

Activity of these genes was detected in all water and sediments` samples. 

The 12-months NPMS in all three project countries provided data necessary to confirm 

‘indicative’ assessment of the environmental and ecological status from the ‘once at the time’ 

JOSS surveys. 

Physico-chemical, chemical and biological data were stored in the Black Sea Water Quality 

Database (http://blackseadb.org/login.php) hosting at present more than 200,000 data 

entries obtained under strict protocols (Spredsheet based Data Collection Templates) allowing 

for their intercomparison and sharing with the EU databases such as EMODNet and IPCHEM. 

All data were made accessible to the European Environment Agency to contribute to the next 

report on the State of Environment in the EU. 

EMBLAS-II project provided data, which can be used by Georgia and Ukraine directly in the 

Initial Assessment reports, which is a necessary requirement at the implementation of the EU 

MSFD. 

Economic Assessment of National Monitoring Programmes was developed for all three project 

countries. The costs of monitoring were assessed in several scenarios. Possibilities of 

generating revenue for financing monitoring programmes were proposed for consideration at 

the governmental level. 

The project achieved exceptional results in the area of public awareness and visibility. Press 

conferences with strong media coverage were organised for the monitoring cruise in Odessa 

and in Batumi in August/September 2017. A tradition of Black Sea Clean Beach day in each of 

the project countries has been launched, connected with training sessions on Environmental 

Sentinels monitoring, clean-up of beaches and restoration activities in selected natural parks 

locations. 

The project also initiated the signing of a 'Memorandum of Understanding between the 

Ministry of Environment and Natural Resources Protection of Georgia and Ministry of Ecology 

and Natural Resources of Ukraine on the cooperation in the field of environmental protection'.  

 

http://blackseadb.org/login.php
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IX.2. Recommendations 

There is a need to continue with the high quality level of scientific work, in particular related 

to the 3rd round of Black Sea Monitoring Surveys, which will be targeted on specific areas, 

environmental status assessment based on biological parameters and pollutants of major 

concern and thus complete the results of the Joint Black Sea Surveys 2016/2017. The work 

related to creation of the Black Sea Water Quality Database, regional 

environmental/ecological status classification schemes, public awareness raising and 

education, including support for the Black Sea Clean Beach day need to continue with the 

same intensity as until now, with a vision of involving also the other three Black Sea Countries 

(Romania, Bulgaria, Turkey), through cooperation with the Black Sea Commission and its 

Secretariat and Advisory groups. In order to achieve all of these ambitious goals it is 

recommended to extend the project for additional activities as described in Table IX.1. 

Table IX.1. Summary of recommended extended activities. 

No.*a Project activity / Current 
commitments 

Extended proposed commitments / Justification 

PA 1 Support at the implementation of countries’ obligations under the Bucharest and other related 
Conventions and Agreements 

1.1 Proposal on modification of 
selected BSC data/ information 
reporting sheets to incorporate 
the new compliance indicators 

The Data Collection Templates (DCTs) for new compliance indicators to be 
shared with the Black Sea Commission; DCTs will be created for MSFD 
relevant parameters phytoplankton, Mnemiopsis and NEWLY 
IMPLEMENTED zooplankton, benthic habitats, macrophytobenthos, 
marine litter data, marine mammals monitoring data and DCTs for target 
and suspect screening of potential Black Sea Specific Pollutants 
(compatible with the data formats used for Europe-wide prioritisation of 
the WFD priority substances by DG JRC and DG ENV), chemical non-
target screening data (in line with the latest initiative by ECHA within the 
REACH legislation implementation) and chemical passive sampling data 

1.2 Development of the Regional 
Water Quality (WQ)/Good 
Environmental Status (GES) 
Classification Methodology 

First drafts of WQ/GES classification schemes developed for GE, RF and UA 
to be fine-tuned and tested prior to use in MSFD- WFD-compliance 
monitoring schemes in the BS region; involvement of experts from BG, 
RO, TK 

Report on reference conditions 
and environmental targets 

Methodologies and expert judgment assessments developed for the first time 
for the UA, RF, GE region in EMBLAS-II to be tested and fine-tuned with a 
critical mass of data, including (to be collected) historical records; 
involvement of experts from BG, RO, TK 

1.4 A plan for the development of 
Initial Assessment (IA) and 
GES determination in GE and 
UA 

Already collected and additional data to be obtained within EMBLAS-II will be 
used for drafting parts of the Initial Assessment in GE and UA according 
to the MSFD methodology - ready-made for reporting to the European 
Commission within the process of association 

PA2 National Pilot Monitoring Studies (NPMS) - Development and implementation of NPMS for testing and 
harmonisation of developed by EMBLAS-I drafts of cost-effective National Black Sea Integrated 
Environmental Monitoring and Assessment Programmes (N-BSIMAPs) in accordance with reporting 
obligations under the MSFD, WFD and BSIMAP 

2.3 NPMS Programmes for 
Georgia, Russian Federation 
and Ukraine 

Extended NPMS programmes:  

(a) specifically targeting coastal zone water bodies in order to assess 
compliance with the WFD and BSIMAP; need for additional smaller vessels 
operating within the one nautical mile area from the shore;  
(b) UA targeting the unique Black Sea Protected Area Phillophora Field; 
need for a smaller vessel and diving team investigating the area in regular 
intervals;  
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(c) monitoring of floating marine litter and marine mammals; possible low-
cost use of commercial ferries (e.g. ferries Odessa - Batumi - Odessa) and 
private boats sailing in regular intervals;  

(d) regular beach litter monitoring according to the EEA methodology 
(EMBLAS-II experts already trained) 

NPMS manual Detailed planning of extended NPMSs 

Organisation and 
implementation of the surveys 
and monitoring activities within 
the NPMS  

Extended sampling and analytical programmes;  

• new state-of-the-art activities including full scale monitoring of WFD 
priority substances using large volume sampling techniques; non-
target and suspect screening of more than 2000 organic pollutants in 
order to determine Black Sea Specific Substances in cooperation with 
the DG JRC;  

• passive sampling of ubiquitous Black Sea Specific Substances;  

• marine litter monitoring; monitoring of microplastics;  

• underwater noise monitoring;  

• monitoring of marine mammals including occurrence of toxic 
chemicals in top predators (e.g. stranded dolphins);  

• bacterioplankton monitoring;  

• eutrophication and hypoxia monitoring;  

• ecotoxicological monitoring of selected samples with a battery of 
bioassays in cooperation with the US EPA 

 Final Summary Technical 
Report 

Technical and Scientific Report on the outcomes of the extended NPMSs 

2.4 Organisation of  
intercomparisons; 

Technical reports on 
intercomparisons carried out 
within the large scale pilot 
surveys 1 and 2 organised 
within the NPMS  

• Targeted intercomparisons for parameters identified as 
'weaknesses' in NPMS/JOSS 2016 and 2017;  

• specific focus on chemical organic pollutants; selected biological 
parameters; 'new' marine litter and marine mammals descriptors 

2.5 Concept on BS sustainable 
operational monitoring (for 
inclusion into N-BSIMAPs) + 
stakeholder consultations 

Further extension of the use and harmonisation of the satellite monitoring 
among the project countries 

Further developed and finalised 
monitoring programmes 
revision + promoted for 
adoption 

• Drafts of the newly developed MSFD- and WFD-compliant monitoring 
networks further tested and optimised within the extended NPMSs  
and submitted to relevant environmental authorities in GE and UA;  

• BSIMAP-compliant monitoring network submitted to the relevant 
environmental authorities in the RF 

PA3 Large scale implementation of training and intercomparison programmes on monitoring methods and 
quality assurance adhering to the ISO 17025 standard 

3.4 Trainings in selected 
laboratories/at selected sites for 
experts from all three countries 
organised, training materials 
prepared, evaluations 
conducted 

Extended training programme for MSFD, WFD and BSIMAP relevant 
parameters: chemical analyses of organic pollutants, selected biological 
parameters, marine litter, microplastics, marine mammals and underwater 
noise 

3.6 Harmonisation of regional 
classification schemes for 
selected indicators 

Part of the extended training programme devoted to statistical analysis of 
the existing and newly obtained data from the EMBLAS-II surveys - fine-
tuning of the regional environmental and ecological status classification 
schemes 
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4 Joint Open Sea Surveys (JOSS) - Implementation of the Joint Black Sea Surveys methodology along the 
lines of the MSFD, WFD and BSIMAP 

4.3 Data Collection Templates filled 
out with data uploaded into the 
BS WQD 

DCTs filled out with data on new parameters including, marine litter data, 
marine mammals monitoring data and DCTs for target and suspect 
screening of potential Black Sea Specific Pollutants (compatible with 
the data formats used for Europe-wide prioritisation of the WFD priority 
substances by DG JRC and DG ENV), chemical non-target screening 
data (in line with the latest initiative by ECHA within the REACH 
legislation implementation) and metagenomics analysis; CTD 
chlorophyll profile, HPLC measurements in cooparation with ARGO 
floats in the Black Sea 

PA5 Upgrade and operate the web-based Black Sea Water Quality Database 

5.1 Upgraded on-line BS WQD; 
Mnemiopsis on-line database 
module; Phytoplankton on-line 
database module 

Development of new BS WQD modules for archiving raw data on 
zooplankton, benthic habitats, macrophytobenthos, target and suspect 
screening of potential Black Sea Specific Pollutants, chemical non-
target screening data, chemical passive sampling data, marine litter and 
marine mammals monitoring data 

5.2 Web-based manual for: 

• Upgraded version of the 
database; 

• Mnemiopsis module 

• Phytoplankton module 

Web-based manuals for new BS WQD data on zooplankton, benthic 
habitats, macrophytobenthos, target and suspect screening of potential Black 
Sea Specific Pollutants, chemical non-target screening data, chemical 
passive sampling data, marine litter and marine mammals monitoring data 

5.4 Upgraded and harmonised 
database export/import 
functions 

• Extended database export/import functions to allow for data 
exchange with EmodNet, SeaDataNet, MONINFO, MISIS, ICPDR, 
CoCoNet,  WISE-Marine (EEA) and SEIS systems; 

• Conversion of existing data from previous EU- and nationally 
funded projects in the Black Sea region into pre-agreed DCTs and 
their import into the BS WQD;  

• conversion of the data from the EU-funded MISIS survey (BG, RO, 
TK) into pre-agreed DCTs and their import into the BS WQD 

On-line training on the use of 
the BS WQD to the users 

On-line training on the use of the extended BS WQD to the users; invitation 
of responsible database managers from BG, RO and TK 

5.7 Proposal for handing over the 
database including (i) report on 
the activities undertaken, (ii) 
proposal for the further 
development of BSIS and (iii) 
related draft formal agreements 

Proposal for the further development of BSIS for new types of data 
collected and archived within EMBLAS-II and related draft formal 
agreements with environmental authorities of all BS countries 

6 Dissemination of knowledge and best practices, public awareness and visibility 

6.2 Project Webpage (maintain and 
sustain)  

Project banner, leaflet 

'Environmental sentinels' 
education campaign  

Brochure (1x) 

Press releases (4x) 

Newsletters (2x) 

Vastly extended activities;  

• high ministerial level publicity press conferences on the surveys and 
their results;  

• sculptures of 'the Black Sea 'Angel's wings' (rare mussel found 
indicating improvement of the quality of the Black Sea environmental 
status found in UA shelf) erected at top touristic walkways in Batumi and 
Odessa; short films on the surveys and surveys' results;  

• Environmental Sentinels monitoring by experts and game for children 
as a mobile phone application/establishment of an on-line database 
to collect the results; involvement of general public including 
schools in GE, UA and RF in environmental monitoring;  

• Black Sea Clean Beach Day;  

• setting up a tradition of monitoring/collecting beach litter following the 
methodology of EEA;  

• brochures on the 'secrets of the Black Sea'; calendar with the 
professional macro-photos of selected Black Sea micro-fauna; national 
post stamps with motives of Black Sea fauna (dolphins) etc. 
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7 Management and coordination of the project 

7.1 Organisation of Steering 
Committee + Partners Meetings 

Covering up all of the above extended activities till 31 December 2018 

7.3  Collaboration with on-going 
projects/activities/initiatives 

Well established contacts with the on-going or newly set up projects 
APENA; EUWI+, UNDP-GEF Dniester Project; potential overlaps 
extensively discussed and solved, synergy potential identified and to be 
implemented 

* Reference number as per the EMBLAS-II Description of Action (DoA – Work Plan). 

a As in the EMBLAS-II Inception Report. 

b It is expected that the duration of the project should be extended till 31 December 2018. 

 

 


