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Executive summary 

V. Komorin1, A. Mikaelyan2, A. Guchmanidze3, A. Korshenko4, M. Pogojeva4, J. Slobodnik5 

 
1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 
2 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 
3 National Environmental Agency (NEA), Batumi, Georgia 
4 State Oceanographic Institute (SOI), Moscow, Russian Federation 
5 Environmental Institute (EI), Kos, Slovakia    
 

The Scientific Report “National Pilot Monitoring Studies and Joint Open Sea Surveys in Georgia, 
Russian Federation and Ukraine, 2016” 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 was developed 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 will 
end on 31 May 2018, having the total duration of 50 months. Beneficiary countries are 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 is among the project partners.  

The EMBLAS-II project is addressing the overall need for support in protection and restoring the 
environmental quality and sustainability of the Black Sea. The specific objectives are 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 2016 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.  

The report outlines: 

1) The National Pilot Monitoring Studies in: 

• Georgia (GE): NPMS GE – 1 expedition; 

• 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. 

2) The Joint Open Sea Surveys:  

• Transects Odessa – Batumi – Constanta: JOSS GE-UA in Ukraine (UA) and Georgian 
(GE) waters; 

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

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: 

• Assess an intensity of the winter convection and formation of the Cold Intermediate 
Layer in the context of climate change; 

• Assess the current position of the hydrogen sulphide level; 

• Assess the eutrophication potential of the deep basin; 

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

• Establish presence and role of non-indigenous species; 

• Explore natural phenomena like blooms or mass developments of organisms; 

• Evaluate the current trophic level of the ecosystem; 

• On the basis of the obtained results to evaluate the long-term trend in hydrophysical, 
hydro-chemical and biological properties of the ecosystem in the context of climate and 
anthropogenic impacts; 

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

• Provide field material including new ecosystem parameters for the elaboration of 
indicators of GES of the sea interior ecosystem; 

• Test new monitoring techniques and evaluate their suitability for national monitoring 
programmes. 
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Scientific programmes of GE and UA were conducted on board of the Romanian research vessel 
“Mare Nigrum” from 17 May until 4 June 2016 in the Ukrainian and Georgian waters, where 
sampling took place at 55 sampling stations along the Ukrainian and Georgian polygons and 
transects Odessa – Batumi - Constanta with bottom depths varying from 11 to 2100 m.  

The sampling and observations programme of NPMSs was implemented at the appointed 
sampling sites in Ukraine and Georgia presented in Tables 1, 2 and Figure 1 below. Sampling, 
processing of samples and reporting were performed according to the methods and templates 
agreed among the EMBLAS project partners. Processing and analysis of most of the samples 
was carried out in laboratories of the project partners in Ukraine and Georgia. A part of the 
samples was analysed for presence of potential Black Sea Specific Pollutants in external EU 
laboratories.   

The parameters covering a wide range of MSFD descriptors, WFD biological quality elements, 
priority substances and other chemicals were selected in a way allowing for their measurements 
and observations on all sites. 

Sampling was done on two latitudinal transects across the Black Sea (Figure 1). First transect 
(Leg 1) started from the outer north-western BS shelf and crossed the continental slope to the 
centre of the western cyclonic gyre. Then Leg 1 run along the 43o latitude to the centre of the 
eastern cyclonic gyre. After that Leg 1 turned towards Batumi. 

Table 1. NPMS UA and NPMS GE: coordinates of the monitoring sites. 

Station Lat, oN Long, oE 
H, 
m 

Type Station Lat, oN Long, oE 
H, 
m 

Type 

NPMS UA  01 46 º 12,098′ 30 º 49,649′ 26 shelf NPMS GE  01 41º33,477′ 41º33,111′ 46 coastal 

NPMS UA  02 45 º 59,393′ 30 º 42,667′ 19 shelf NPMS GE  02 41º34,354′ 41º32,410′ 76 coastal 

NPMS UA  03 45 º 49,308′ 30 º 18,518 17 shelf NPMS GE  03 41º39,949′ 41º35,612′ 22 shelf 

NPMS UA  04 45 º 30,388′ 30 º 30,286′ 24 shelf NPMS GE  04 41º40,353′ 41º35,084′ 32 shelf 

NPMS UA  05 45 º 30,969′ 29 º 51,728′ 20 shelf NPMS GE  05 41º43,170′ 41º32,158′ 677 coastal 

NPMS UA  06 45 º 18,676′ 29 º 51,200′ 22 shelf NPMS GE  06 41º45,768′ 41º43,319′ 23 shelf 

NPMS UA  07 45 º 11,999′ 29º 48,616 20 shelf NPMS GE  07 41º45,763′ 41º42,883′ 63 coastal 

NPMS UA  08 44 º 58,888′ 30º 34,637 52 shelf NPMS GE  08 41º54,259′ 41º44,948′ 42 coastal 

NPMS UA  09 45 º 39,977′ 31 º 15,056′ 42 shelf NPMS GE  09 41º54,038′ 41º40,277′ 93 coastal 

NPMS UA  10 45 º 49,121′ 31º 07,452 31 shelf NPMS GE  10 41º53,431′ 41º37,253′ 167 coastal 

NPMS UA  11 45 º 59,991′ 31 º 15,050′ 30 shelf NPMS GE  11 42º07,359′ 41º36,987′ 38 coastal 

NPMS UA  12 46 º 19,474′ 31 º 27,999′ 16 shelf NPMS GE  12 42º07,111′ 41º35,613′ 280 coastal 

NPMS UA  13 46 º 27,722′ 31 º 20.618′ 13 shelf NPMS GE  13 42º22,611′ 41º32,021′ 40 coastal 

NPMS UA  14 46 º 26,416′ 31 º 04,190′ 13 shelf NPMS GE  14 42º22,103′ 41º32,311′ 80 coastal 

NPMS UA  15 46º 30,535′ 30º 49,432′ 19 shelf NPMS GE  15 42º22,237′ 41º30,049′ 440 coastal 

 
The stations were located rather tightly in Georgian waters since the ecosystem hydrological 
structure (the quasi-stationary Batumi anticyclonic eddy) important for the Black Sea was 
planned to be investigated in more detail. Leg 2 located on the same route as Leg 1 ended in 
Ukrainian EEZ where the cross-shelf transect was performed. Stations of both transects formed 
the united latitudinal transect. 



Scientific Report – Joint Black Sea Surveys 2016 

 

18  

 
Figure 3. An overview map of sampling stations in NPMS UA, NPMS GE,  

JOSS UA-GE and JOSS RF. 
 
 
Table 3. JOSS GE-UA, coordinates of the 25 sampling stations. 

Station Lat, oN Long, oE 
Bottom 
depth, m 

Station Lat, oN Long, oE 
Bottom 
depth, m 

JOSS-GE-UA 01 43º45,227′ 31º42,629′ 1702 JOSS-GE-UA 13 43º31,558′ 36º04,183′ 2100 

JOSS-GE-UA 02 43º33,222′ 31º44,939′ 1853 JOSS-GE-UA 14 43º32,982′ 35º35,274′ 2157 

JOSS-GE-UA 03 43º22,049′ 31º49,994′ 1933 JOSS-GE-UA 15 43º26,192′ 34º55,535′ 2169 

JOSS-GE-UA 04 43º21,942′ 32º34,388′ 2032 JOSS-GE-UA 16 43º20,674′ 34º21,792′ 2170 

JOSS-GE-UA 05 42º10,624′ 40º06,815′ 1855 JOSS-GE-UA 17 43º18,191′ 34º02,408′ 2159 

JOSS-GE-UA 06 42º05,966′ 40º20,649′ 2040 JOSS-GE-UA 18 43º20,587′ 33º28,306′ 2173 

JOSS-GE-UA 07 42º01,032′ 40º34,719′ 1672 JOSS-GE-UA 19 43º25,042′ 32º51,659′ 2106 

JOSS-GE-UA 08 41º55,966′ 40º49,516′ 1553 JOSS-GE-UA 20 43º57,714′ 31º39,724′ 1428 

JOSS-GE-UA 09 41º49,952′ 41º01,713′ 1266 JOSS-GE-UA 21 44º09,492′ 31º34,047′ 1120 

JOSS-GE-UA 10 41º47,047′ 41º12,814′ 1013 JOSS-GE-UA 22 44º24,061′ 31º28,005′ 974 

JOSS-GE-UA 11 41º42,246′ 41º24,321′ 473 JOSS-GE-UA 23 44º38,163′ 31º23,298′ 391 

JOSS-GE-UA 12 42º14,070′ 39º53,161′ 1909 JOSS-GE-UA 24 44º49,861′ 31º19,862′ 65 

    JOSS-GE-UA 25 45º03,086′ 31º09,735′ 60 
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An impressive number of physico-chemical parameters, chemical pollutants in water (PW), 
bottom sediments (PS), biota (PB) and biological samples (chlorophyll-a, phytoplankton, macro-
, mezo-, and micro-zooplankton, ichtyoplankton, meio- and macro-zoobenthos, micro- and 
macrophytobenthos composition (all with species composition, abundance and biomass) were 
sampled and/or measured during the cruises (Figure 4). All of the measurements were of 
relevance for indicator based assessment of the BS environmental status (Table 4). 

 

  

  
  

Figure 4. Number of samples collected within the framework of scientific programme of 
NPMS GE, NPMS UA and JOSS GE-UA. 
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Table 4. Parameters of scientific programmes of NPMS and JOSS analysed on-board and/or in laboratories in GE, UA and RF. 

Physical PW  PCBs individual PCBs total  PS OCPs  PCBs individual PAHs PB PCBs individual PCBs total 

Т ºС As µg/l PCB-8 ng/l Ar-1254 ng/l 
TPHs 
total 

mg/kg α-HCH µg/kg PCB-8 µg/kg Naphthalene µg/kg 
Trace Metals 

PCB-8 µg/kg Ar-1254 µg/kg 

S ‰ Cd µg/l PCB-18 ng/l Ar-1260 ng/l Phenols mg/kg −HCH µg/kg PCB-18 µg/kg 
Acenaphthylen
e 

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

Secchi m 
Cо µg/l PCB-31 ng/l 

PAH’s  
TOC % 

γ-HCH 
(Lindane) 

µg/kg PCB-31 µg/kg Fluorene µg/kg Cd mg/kg PCB-31 µg/kg 
PAH’s  

Cu µg/l PCB-28 ng/l Naphthalene ng/l 
Trace Metals 

Hexachloro
benzene 

µg/kg PCB-28 µg/kg Acenaphthene µg/kg Cо mg/kg PCB-28 µg/kg Naphthalene µg/kg 

 
Hg µg/l PCB-52 ng/l 

Acenaphthyle
ne 

ng/l Al g/kg Heptachlor µg/kg PCB-52 µg/kg Phenanthrene µg/kg Cu mg/kg PCB-52 µg/kg 
Acenaphthyle
ne 

µg/kg 

Chemical  µg/l PCB-49 ng/l Fluorene ng/l As mg/kg Aldrin µg/kg PCB-49 µg/kg Anthracene µg/kg Hg mg/kg PCB-49 µg/kg Fluorene µg/kg 

O2 
%  

mg/l 
Zn µg/l PCB-44 ng/l 

Acenaphthen
e 

ng/l Cd mg/kg Dieldrin µg/kg PCB-44 µg/kg Fluoranthene µg/kg Pb mg/kg PCB-44 µg/kg 
Acenaphthen
e 

µg/kg 

BOD-5 mg/l Ni µg/l PCB-66 ng/l Phenanthrene ng/l Cо mg/kg DDЕ µg/kg PCB-66 µg/kg Pyrene µg/kg Zn mg/kg PCB-66 µg/kg 
Phenanthren
e 

µg/kg 

рН  units рН Cr µg/l PCB-101 ng/l Anthracene ng/l Cu mg/kg DDD µg/kg PCB-101 µg/kg 
Benzo(a)anthra
cene 

µg/kg Ni mg/kg PCB-101 µg/kg Anthracene µg/kg 

N(NH4
-) µg/l Fe µg/l PCB-110 ng/l Fluoranthene ng/l Hg mg/kg DDT µg/kg PCB-110 µg/kg Chrysene µg/kg Cr mg/kg PCB-110 µg/kg Fluoranthene µg/kg 

N(NO2
-) µg/l Mn µg/l PCB-149 ng/l Pyrene ng/l Pb mg/kg 

PCBs total 
PCB-149 µg/kg 

Benzo(b)fluoran
thene 

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

N(NO3
-) µg/l 

OCPs  
PCB-118 ng/l 

Benzo(a)anthr
acene 

ng/l Zn mg/kg Ar-1254 µg/kg PCB-118 µg/kg 
Benzo(k)fluoran
thene 

µg/kg Mn mg/kg PCB-118 µg/kg 
Benzo(a)anth
racene 

µg/kg 

N org, µg/l α-HCH ng/l PCB-153 ng/l Chrysene ng/l Ni mg/kg Ar-1260 µg/kg PCB-153 µg/kg Benzo(a)pyrene µg/kg OCPs  PCB-153 µg/kg Chrysene µg/kg 

N total µg/l −HCH ng/l PCB-138 ng/l 
Benzo(b)fluor
anthene 

ng/l Cr mg/kg 
  

PCB-138 µg/kg 
Dibenzo(a,h)ant
hracene 

µg/kg α-HCH µg/kg PCB-138 µg/kg 
Benzo(b)fluor
anthrene 

µg/kg 

P(PO4
3-) µg/l 

γ-HCH 
(Lindane) 

ng/l PCB-183 ng/l 
Benzo(k)fluor
anthene 

ng/l Fe g/kg 
  

PCB-183 µg/kg 
Indeno(1,2,3cd)
pyrene 

µg/kg − µg/kg PCB-183 µg/kg 
Benzo(k)fluor
anthrene 

µg/kg 

Pоrg µg/l 
Hexachlor
obenzene 

ng/l PCB-174 ng/l 
Benzo(a)pyre
ne 

ng/l Mn mg/kg 
  

PCB-174 µg/kg 
Benzo(g,h,i)per
ylene 

µg/kg 
γ-HCH 
(Lindane) 

µg/kg PCB-174 µg/kg 
Benzo(a)pyre
ne 

µg/kg 

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

PCB-177 µg/kg 
  

Hexachloro
benzene 

µg/kg PCB-177 µg/kg 
Dibenzo(a,h)
anthracene 

µg/kg 

Si(SiO3) µg/l Aldrin ng/l PCB-180 ng/l 
Dibenzo(a,h)a
nthracene 

ng/l 
    

PCB-180 µg/kg 
  

Heptachlor µg/kg PCB-180 µg/kg 
Indeno(1,2,3c
d)pyrene 

µg/kg 

PW 
Dieldrin ng/l PCB-170 ng/l 

Indeno(1,2,3c
d)pyrene 

ng/l 
    

PCB-170 µg/kg 
  

Aldrin µg/kg PCB-170 µg/kg 
Benzo(g,h,i)p
erylene 

µg/kg 

TPHs mg/l DDЕ ng/l PCB-199 ng/l 
Benzo(g,h,i)p
erylene 

ng/l 
    

PCB-199 µg/kg 
  

Dieldrin µg/kg PCB-199 µg/kg 
  

TSS mg/ DDD ng/l PCB-194 ng/l        PCB-194 µg/kg   DDЕ µg/kg PCB-194 µg/kg   

TOC mg/ DDT ng/l             DDD µg/kg     

                DDT µg/kg     
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Scientific programmes of RF were presented by three NPMS and one JOSS survey in Russian 
waters. Dates, regions and vessels involved are shown on the Table 5 below. During NPMS 
cruises sampling was done at 40 stations, during JOSS – at 12 stations and two more stations 
were selected for 12 month and weekly monitoring as “high frequency stations”. Sampling, 
processing of samples and reporting were done according to the methods and templates 
agreed among the EMBLAS project partners. Processing and analysis of most of the samples 
was carried out in project partner’s laboratories in RF.  

Table 5. EMBLAS scientific surveys in Russian Federation.  

Survey Dates Region Research Vessel 

NPMS-III 9-10 May 2016 Anapa-Gelendzhik Ashamba 

JOSS RF 29-30 May 2016 Gelendzhik-sea center Impuls 

NPMS-I 7-9 August 2016 Kerch Strait Peleng 

NPMS-II 23 November -1 December 2016 Sochi-Adler region Peleng 

 
The NPMS surveys have been started by SIO-RAS scientific team in May 2016 on the R/V 
"Ashamba".Three regions were chosen for this part of work: (1) transect off the Gelendzhik 
Bay, the area with the most intensive load on the ecosystem; (2) transect in the Anapa Bay, 
the area with the presumed minimal load on the ecosystem and (3) station off the Blue Bay, 
area with the transition waters corresponded to sampling site of 12-months monitoring 
study (Figure 5, Tables 6 and 7).  

Table 6. Coordinates of sampling stations and overview of sampling efforts during the 
NPMS RF III (9-10 May) near Gelendzhik Bay. 

№ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Water/ 
Bottom 
sampling  

Chemistry, 
Phytoplankton, 
Bacteria, 
Zooplankton 

1G 10 44° 34.095'С 38° 2.986'E 2* 1 2/1/2 

2G 25 44° 32.837'С 38° 1.901'E 3** 1 3/1/3 

3G 65 44° 30.382'С 37° 59.802'E 3** 1 3/1/3 

* Water samples from 2 depths - surface and near bottom; 
** Water samples from 3 depths - surface, thermocline and near bottom. 

 

Table 7. Coordinates of sampling stations and overview of sampling efforts during the 
NPMS RF III (9-10 May) near Anapa Bay. 

№ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Water/ 
Bottom 
sampling  

Chemistry, 
Phytoplankton, 
Bacteria, 
Zooplankton 

1B 4 45° 1.624'С 37° 5.461'В 1 - 1/0/1 

2B 10 45° 2.267'С 37° 5.782'В 2* 1 2/1/2 

3B 16 45° 1.563'С 37° 5.343'В 3** 1 3/1/3 

4B 21 45° 0.084'С 37° 4.325'В 3 1 3/1/3 

*, ** The same as in the Table 5. 

 
The sampling site of the NPMS 12-months monitoring study (the “high frequency station”) 
was located 4.3 miles off-shore near town Gelendzhik (Blue Bay) over the sea bottom depth 
of 500 - 700 m (Table 8, Figure 5). This region is transitional zone between the coastal and 
open waters. Biological annual succession is less impacted by frequent environmental 
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fluctuations in this place than in the shelf. The patterns of succession, phenology of the main 
biological annual events are the key characteristics of the ecosystem, based on which 
indicators of the good environmental status can be elaborated. 

 

Figure 5. Scheme of sampling locations during the NPMS RF: pilot monitoring study in 
Anapa Bay (left insertion), Gelendzhik Bay (right insertion) and 12-months monitoring 

study near Blue Bay (central insertion).   

Starting from May 2016, six stations consisting of vertical series (6 depths) were monitored 
within the frame of the EMBLAS project. Chemical measurements were conducted on another 
nine stations in the same region as a part of the RF national scientific programmes. These 
stations filled time gaps in sampling and were added to the NPMS 12-months RF study as in 
kind contribution of the Russian Federation. Thus, the total number of stations with chemical 
measurements was 15 and the total number of samples taken at various sampling depths was 
90. 

Table 8. Coordinates of the monitoring station off the Blue Bay and overview of sampling 
efforts during the first 6 months of the NPMS 12-months RF in Gelendzhik.  

№ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Chemistry, 
Phytoplankton, 
Bacterioplankton, 
Zooplankton 

Total number of 
plankton 
samples 

1 500 44°31.25'N 37°55.75'E 6 + 6 micro/2 zoo 

 

The JOSS RF was conducted during two days on 29 and 30 May 2016 using vessel “Impuls”. 
Stations were located on a 95-mile transect from the centre of the sea to Caucasian coast near 
Gelendzhik (Figure 6). Transect started from the station 116 located in the deep waters, the 
most probable position of the eastern cyclonic gyre (Ovchinnikov and Popov, 1987; Toderascu 
and Rusu, 2013). 12 stations were situated on the transect (Table 8). CTD-soundings 
measurements and collection of mesozooplankton and macrozooplankton samples with net 
tows were carried out at all stations. Full ecosystem properties measurements (chemistry, 
bacteria, phytoplankton, chlorophyll-a, primary production) were conducted at six stations. 

According to the prior developed and accepted JOSS Methodology, sampling was conducted 
at six depths in the upper layer for all parameters and at 12 depths in the deep layer in order 
to collect proper material on nutrient and hydrogen sulphide concentrations in the main 
pycnocline and Cold Intermediate Layer (CIL). Marine birds, marine mammals and floating 
litter were monitored along the transect during the day time.  
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Table 9. Overview of JOSS RF sampling programme with stations' coordinates, dates of 
sampling and depths.  

Station Date 
Time of 

CTD start 

Time of CTD 
end 

Latitude  

[degrees N] 

Longitude  

[degrees E] 
Sea bottom Secchi, m 

Chemistry, 

Microplankton 

Primary 
production* 

116 29 May 8:07 8:43 43.24866667 36.87033333 2160 11 + 

117 29 May 12:10 12:31 43.45683333 37.04066667 2160 11  

118 29 May 15:20 15:52 43.628 37.18616667 2150 11 + 

119 29 May 18:29 18:51 43.80883333 37.34216667 2150   

120 29 May 20:40 21:16 43.95516667 37.457 2100  + 

121 29 May 23:56 0:22 44.1055 37.578 2020   

122 30 May 8:06 8:37 44.24183333 37.68983333 1929 8 + 

123 30 May 10:42 11:04 44.31983333 37.75516667 1879   

124 30 May 12:13 12:47 44.3835 37.81283333 1372 12 + 

125 30 May 15:20 15:49 44.44983333 37.881 1428   

126 30 May 17:14 17:49 44.49866667 37.91716667 1011 7 + 

127 30 May 19:27 19:35 44.54116667 37.954 53   

* These parameters were measured at stations assigned as (+). 

 

 

Figure 6. Scheme of sampling locations during the JOSS RF (black spots – CTD and 
zooplankton tows; green spots – all measurements). 

 

The next part of scientific surveys in RF was conducted on 6-7 August (NPMS-I) in Kerch Strait 
and on 23 November-1 December (NPMS-II) in Sochi region by SOI scientific team on the R/V 
Peleng. The sampling and observations programme of NPMSs was implemented at the 
appointed sampling sites presented in Tables 10., 11. and Figure 7. below.  
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Table 10. Specification of NPMS RF I monitoring stations in Kerch strait region.  

№ St. Region Depth, m Local site Main process 

1 Kerch strait and Azov sea 10,0 Before strait area of Azov sea Seas water exchange 

2 Kerch strait and Azov sea 9,5 Before strait area of Azov sea Seas water exchange 

3 Kerch strait and Azov sea 7,0 Before strait area of Azov sea Seas water exchange 

4 Kerch strait and Azov sea 6,5 North narrow part of Kerch strait Seas water exchange 

5 Kerch strait and Azov sea 6,0 North narrow part of Kerch strait Seas water exchange 

6 Kerch strait and Azov sea 4,0 North part of Kerch strait. Kerch 
bay 

Seas water exchange. Local 
pollution monitoring 

7 Kerch strait and Azov sea 6,8 North narrow part of Kerch strait Seas water exchange. 
Intersection of the approach 

channel to the port and Kerch-
Enikale 

8 Kerch strait and Azov sea 3,5 North narrow part of Kerch strait Seas water exchange 

9 Kerch strait and Azov sea 6,0 Kerch strait, North cape of the 
Tuzla island 

Seas water exchange 

10 Kerch strait and Azov sea 7,0 Coastal polluted waters of the 
Kerch strait 

Sources of terrestrial pollution 

12 Kerch strait and Azov sea 6,5 South part of Kerch strait Seas water exchange 

13 Kerch strait and Azov sea 4,0 Southern part of the Tuzla Island Taman Bay and Kerch strait 
water exchange 

14 Kerch strait and Azov sea 9,0 South part of Kerch strait Monitoring of main water pass 

15 Kerch strait and Azov sea 9,0 South part of Kerch strait Seas water exchange 

16 Kerch strait and Azov sea 10,8 South part of Kerch strait Seas water exchange 

17 Kerch strait and Azov sea 12,0 South part of Kerch strait Seas water exchange 

18 Black Sea 11,0 Before strait area of Black Sea Seas water exchange 

19 Black Sea 16,0 Before strait area of Black Sea Seas water exchange 

20 Black Sea 14,0 Before strait area of Black Sea Seas water exchange 

 

Table 11. Specification of NPMS RF II monitoring stations in Sochi region.  

№ 
Station 

N E Depth, 
m 

Site / (Number of horizons*) / 
Distance from shore 

Source of Pollution 

I 43° 34' 52" 39° 43' 01" 9,8 Sochi harbor (2) / 50 m Industrial, municipal and transport 
pollution of the port waters 

II 43° 34' 47" 39° 42' 30" 6,7 Estuary of the river Sochi (2) / 
200-300 m 

Municipal, agricultural and 
industrial pollution with the river 
Sochi discharge 

III 43° 33' 46" 39° 41' 19" 45 2 nm from the shore in front of 
the river Sochi estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 

IV 43° 33' 45" 39° 44' 33" 9 Estuary of the brook Maluy (2) / 
200-300 m 

Municipal pollution with the brook 
Maluy discharge 

V 43° 30' 15" 39° 51' 44" 7 Estuary of the river Hosta (2) / 
200-300 m 

Municipal and agricultural 
pollution with the rivers Hosta and 
Kudepsta discharge 

VI 43° 27' 27" 39 °48' 59" 58 2 nm from the shore in front of 
the river Hosta estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 
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№ 
Station 

N E Depth, 
m 

Site / (Number of horizons*) / 
Distance from shore 

Source of Pollution 

VII 43°24' 49,2" 39°55' 17,6" 6,6 Estuary of the river Mzymta (2) 
/ 200-300 m 

Agricultural pollution with the 
rivers Mzymta discharge 

VIII 43° 23' 48" 39° 53' 05" 370 2 nm from the shore in front of 
the river Mzymta estuary (4) 

Half-open sea, relatively clean 
waters. The marine border with 
the Abkhasya 

IX 43°24' 26" 39°56' 12,4" 9 Imeretinsky harbour (2) / 50  m Industrial, municipal and transport 
pollution of the port waters 

X 43°26'54.2" 39°56'58.3" >400 Open sea (4) / 4 nm Open sea, clean waters. The 
marine border with the Abkhasya 

XI 43°36' 19.2" 39°35'53.8" 8,5 Estuary of the river Bitha (2) 
200 m 

Municipal and agricultural 
pollution with the river Psakhe 
discharge 

XII 43°38' 53,5" 39°39' 05,1" 7 Estuary of the river Dagomus 
(2) / 200 m 

Municipal and agricultural 
pollution with the river Dagomus 
discharge 

XIII 43°36' 25,2" 39°36' 00,3" 72 2 nm from the shore in front of 
the river Dagomus estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 

XIV 43°32' 58" 39°37' 57" 90 Central point of the Sochi area 
(4) / 4 nm 

Open sea, clean waters. 
Reference point for the Sochi 
area 

 

 

Figure 7. An overview map of sampling stations in NPMS RF II in Sochi region. 

During the scientific surveys mentioned above numerous meteorological, hydrological 
observations were done, an impressive number of physico-chemical parameters, chemical 
pollutants in water (PW), bottom sediments (PS), biota (PB) and biological perameters 
(chlorophyll-a, phytoplankton, macro-, mesozooplankton, ichtyoplankton, meio- and macro-
zoobenthos, macrophytobenthos composition were sampled, treated and reported as well as 
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marine mammals, birds and marine litter observations. Each of this parameter could be highly 
valuable in the general assessment of the BS actual environmental status (Figure 8). 

 
 

Figure 8. Number of samples collected within the framework of scientific programme of 
NPMS RF I, II, III and JOSS RF. 

 
The observations and samples from the “high frequency station” in the Kerch strait had 
obtained a significant amount of scientific data including meteorological and hydrological 
parameters, nutrients, TPHs in water, chlorophyll, phytoplankton and zooplankton. The 
measurements take place every week from April 2016 onwards. From April 2016 to January 
2017 38 samples of water for all parameters mentioned above were treated and reported, the 
total amount of parameters is 793. This information could be very valuable in assessment of 
annual biological cycles and at the same time of the level of anthropogenic load on the 
ecosystem in this area.   
 

Scientific Report NPMS/JOSS 2016 is organised in eight chapters. The General Hydrographic 
conditions of the BS and specific Hydrographic conditions during the cruise 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 zoobenthos; 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 by 
descriptors.  
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It should be stressed that the NPMS and JOSS surveys in 2016 provided data from a single 
cruise or short-term observations only and therefore all assessments of the environmental 
(MSFD) or ecological/chemical (WFD) status are only indicative. Nevertheless, regarding the 
involved countries (GE, RF, UA) the information gathered in the Scientific Report was for the 
first time 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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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 
Figure I.1.1. It is over 2200 m deep and receives the drainage from a 1.9 million km2 basin. The 
area of the Black Sea is about 423000km3, the volume of water in the sea is about 538000 km3.  

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

 



Scientific Report – Joint Black Sea Surveys 2016 

 

34  

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) (Figure 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‰ and -0.54°C at the salinity 10‰) to 28-
29°C under maximum warming-through (Figure 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‰) 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‰ in May and 18.1 ‰ in February - Figure I.2.3) to the bottom (22.33‰). The abyssal 
part of the sea receives highly saline water of the Sea of Marmara with the Lower Bosporus 
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current. The vertical haline structure is characterized by presence of two haloclines (the layers 
of 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). 
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Figure I.2.3. Seasonal dynamic of water salinity of Black Sea at the depth 0 m  
(Eremeev at al., 2009). 

 

I.3 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), (Figure 
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, 2014). Seasonal fields of integral sea 
currents for the most probable wind situations over NWBS presented on Figure 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. 
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I.4 Meteorological and hydrological description of the main 
physical parameters during the NPMS GE, NPMS UA and JOSS 
GE-UA 

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


Scientific Report – Joint Black Sea Surveys 2016 

 

39  

I.5 Results and discussion 

I.5.1 Hydrometeorological and hydrodynamical features of 
the Black Sea 

During the period from 18 to 19 May2016 the Black Sea basin (BSB) was under influence of a 
Middle Eastern depression. Wind intensified in western direction until 12-m/s after passage 
of a cold front in the field of depression. During the period of 20-22 May the weather defined 
low gradient field of high pressure (Figure I.5.1.). During the following days (23-24 May) the 
weather conditions were included by the Middle East depression. Thunderstorms, sometimes 
intensified with northwest wind until 12-15 m/s were observed over the sea.  

 

 
а) 

 
b) 

 
c) 

 
d) 

Figure I.5.1. Pressure system over Black Sea region in a) 19 May 2016, b) 25 May 202016, 
c) 30 May2016, d) 03 June2016 (charts obtained from HMC BAS, Odessa). 
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The progressive vector diagram of wind for period from 1 to 20 May is presented on Figure 
I.5.2.  

On 25-26 May, the weather in the Azov-Black Sea basin was influenced by the depression of 
the southwest cyclone with a minimal pressure of 1004 HPA, which shifted from Vienna to the 
Black Sea through the Balkans. During the thunderstorm, the wind increased predominantly 
in southern direction; velocities of 12-15 m/s were observed after passage of a cold polar front 
over the sea. 

On 27-29 May, weather conditions over the BSB were influenced by east depression. The 
thunderstorm and the northwest wind sometimes 12-20 m/s were observed under the sea. 

On 30-31 May, the BSB was under the influence of depression cyclone with frontal sections 
and a minimum pressure in 1003 HPA, with Center over Germany. The rain was over the sea 
but wind was not stormy. 

On 1-5 June, weather of BSB was caused by the depression cyclone. It shifted from the South 
of France to Austria. The pressure in the center of cyclone was about 1010 HPA. The cold front 
in the basin of the cyclone was over the sea. 

 

 
Figure I.5.2. Progressive vector diagram of winter during the period from 1 May till 21 May 
2016 according to observations of the Odessa-port station (red line for NPMS UA period). 

 

NPMS GE was conducted from 28 to 31 May 2016. All 15 stations were located along the shelf 
and partly at the continental slope.  

Meteorological conditions during the NPMS GE were characterized by intense cyclonic eddy 
over the eastern part of the sea and, basically, weak western winds over the shelf waters. 

The surface current fields (Figure I.1.11.), calculated for the meteorological fields presented 
on the Figure I.1.9., corresponded to the general circulation of an open part of the Black Sea 
for the spring season. Dynamic of shelf waters of NWBS will be discussed in detail below. 
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Figure I.5.3. Fields of the sea surface currents (2.5m) of the Black Sea during NPMS and 
JOSS GE: a) 19 May 2016, b) 25 May 2016, c) 30 May2016, d) 03 June2016  

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

 

During NPMS GE there were currents of eastern directions with formation of small, short-lived 
eddy structures. There were coastal currents with velocities of 0.2 -0.3 m/s to the north and 
south from the field of investigation. The Batumi eddy was on the west from field of NPMS GE 
and it was crossed by the JOSS GE-UA. 

 

I.5.2 Hydrophysical features of the north-western part of the 
Black Sea 

North-western part of the Black Sea was investigated during the NPMS UA from 17 till 21 May 
2016.  

NPMS UA was organised during the hydrological spring season characterised by intensification 
of surface waters warming, formation of seasonal thermocline layer, and expansion of shelf 
waters influenced by the runoff of rivers.  During this period the Rim Current and dynamic 
processes in the continental slope sea intensified and that lead to synoptic eddy formations. 

Temperature. Thermal status of NWBS waters during the second half of May 2016 is presented 
in Figure I.5.4. The same horizons are given for climatic temperature field for comparison 
(Figure I.1.1.). 

 

 

 

a) b) 

c) d) 

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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   a)    b)    c) 

 

 

 

 

 

 

 

 

 

 

 

Figure I.5.4. Water temperature fields on the horizons: a) 0 m; b) 10 m; and c) 20 m (NPMS 
UA). 

   a)    b)    c) 

 

 

 

 

 

 

 

 

 

 

 

Figure I.5.5. Climatic water temperature fields for NWBS on the horizons: a) 0 m; b) 10 m; 
and c) 20 m (UkrSCES data). 

Sea surface temperature varied from 13-14°C in coastal areas up to 16-17°C in open off-shore 
zones (Figure I.5.4.). 

The relatively low level of temperature in the coastal waters of the NWBS was caused by 
access of the cold deep water to the surface layer due to of upwelling (Figure I.5.6.). On the 
photograph we can see an additional upwelling in the region of Tendrovska spit. It was not 
detected by the expedition data because its influence on surface water was reduced to 20 
May when this region was investigated. 
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Figure I.5.6. Available NOAA satellite sea surface temperature data during the NPMS UA 
(http://dvs.net.ua/mp/data/main.shtml). 

 

Formation of the thermocline depth occurred under influence of seasonal warming of surface 
layer and circulation processes (Figure I.5.7.). Maximum value of thermocline depth in 11 m 
was observed on station 9 under influence of the open sea waters and on station 14 at Odessa 
hollow. Minimum value of the thermocline depth was observed on station 3 at upwelling area 
where thermocline layer was "lifted up" to 3 m depth by the rising deep cold water. 

 

 
 

Figure I.5.7. The field of the upper border depth of the thermocline layer (NPMS UA). 
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Salinity. Water salinity on sea surface observed during NPMS UA (Figure I.5.8) corresponded 
to the climatic conditions (Figure I.5.9). The location of isohalin 17.5‰ divides the shelf water 
from the water of open sea on NWBS (Popov&Polonsky, 2011). The outer boundary of shelf 
waters in the central part of NWBS area shifted to the west approximately on 30 miles in 
comparison to the expedition data due to the climatic distributions (Figure I.5.10). 

Salinity field on 20 m according to surveys data (Figure I.5.11.) shows more salt waters on the 
open shelf in the Odessa basin and in the Danube region. This is obviously the result of 
upwelling phenomena. 

Water transparency field on NWBS is presented in Figure I.5.12. Minimum transparency was 
observed in the Danube region. The transparency of the waters at the northern part of the 
expedition area, similar to salinity, is indicative of weak activity and spreading of Dnieper-Bug 
waters. There was an area of high water transparency (9-11 pm) in the central and southern 
regions of the Odessa bank and that is unusual. 

  a)     b)    c) 
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Figure. I.5.8. Salinity fields on horizons: a) 0 m; b) 10 m; and c) 20 m (NPMS UA). 
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Figure I.5.9. Climatic salinity fields in the NWBS on the horizons: a) 0 m; b) 10 m; and 20 m) 
(UkrSCES data, Orlova at al., 2008). 
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Figure I.5.10. Location of isohaline 17.5‰ in different depths of the NWBS (NPMS UA). 

 

 
Figure I.5.11. Vertical distribution of salinity along the transect from Dniester estuary 

 (NPMS UA). 
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Figure. I.5.12. Water transparency field in NWBS region. 

 

Pycnocline. The upper border depth of the seasonal shift of density is presented in Figure 
I.5.13. It corresponds to the thickness of the upper quasi-homogeneous layer and reflects the 
cumulative activity of wind-wave mixing. The distribution zones of river waters, the area of 
cyclonic and anticyclonic eddies in north Odessa depressions and anti-cyclonic over the area 
of Zernov’s field (a central part of NWBS). Lowering of the upper border of the pycnokline 
reached 10-12 meters in the anticyclones areas, whereas an overwhelmingly large area 
changed from 2 to 7 m. Characteristic feature of NWBS currents structure during the NPMS 
UA for surface layer as well as for deeper layers is the existence of two topographic divergent 
eddies located at northern and central areas of the shelf (Figure I.5.14.).  

 
Figure I.5.13. Fields of upper border of pycnokline (isolines) and thickness of pycnokline 

(Figure under point) on NWBS (NPMS-UA).  

Note: UB ● upper border of pycnokline, m / TP thickness of pycnokline, m 
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  a)                b)                                   c) 

 
Figure I.5.14. Water circulation fields of NWBS for surface layer (a), intermediate layer (b) 

and near bottom layer (c) (calculated by POM).  

 

Current oriented perpendicularly to the shore to the northwest direction as a result of 
connection of these two dynamic structures was aroused. This current led to the increasing of 
water mass transport from open sea and intensifying mixing processes. 

This current was divided into two coastal streams far ahead in the upper and middle layers. 
The direction of one of them was to the southwest towards the Dniester estuary, the other 
was in the direction of the Odessa Gulf. The bottom layer flow near the shore went along 
isobaths to the northeastern direction. 

 

I.5.3 Hydrophysical features of the eastern part of the Black 
Sea (JOSS GE-UA, NPMS GE) 

The depth of surface layer varied from 6 to 8 m to the southeast. Temperatures grew from 
18.2°C to 19.5°C in southern direction (Figure I.5.15.). Salinity ranging varied from 17.96‰ to 
17.86‰ in the surface layer. Maximum salinity 22.23‰ was measured at station 12 on the 
horizon of 998 m. 

Seasonal thermocline was observed on depths of 30 - 35 m. The core of CIL was 60 - 65 m 
through transect. Minimum value of temperature was 8.33°C at station 10 at the depth of 62 
m. 

The surface layer depth of the main halocline ranged from 70 to 75 m. The isohalines in 
thickness of the halocline was saddle-like form and they came deeper at the center. 
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Figure I.5.15. Vertical distribution of water temperature (a), and salinity (b) by transect 

through the eastern part of the continental slope (JOSS GE-UA). 

 

Water temperature varied from 8.4°C to 19.9°C. Salinity varied from 12‰ to 20‰. 

A specific feature in the distribution of hydrological characteristics of the surface water layer 
was the presence of areas with rather warm and fresh waters on the northern and southern 
parts of the field (Figure I.5.16.). They were associated with spring river run-off. The maximum 
of temperature value 19.93° C (St. No. 15) and the minimum of salinity 12.13‰ were observed 
(St. No. 3). 

The minimum value of the water transparency was 1.5 m on St. No. 3. 
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а)      b)  

 

Figure I.5.16. Fields of temperature (a) and salinity (b) in surface layer (NPMS GE). 

 

Water temperature decreased in the direction from the coast to the open sea. Salinity grew 
to the same direction. A similar picture was seen at the depth of 20 m (Figure I.5.17.) with an 
offset freshened water along the coast in the southern part of the field. 
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а)      б) 

Figure I.5.17.  Fields of temperature (a) and salinity (b) in layer 20 m (NPMS GE). 

 

There are two levels with high vertical gradients in distribution of the water density depth at 
the most of shelf stations. The first of them in 4-5 meters depth is caused by producing light 
freshwaters, the second - in 15-20 meters depth is corresponding to the seasonal thermocline 
depth (Figure I.5.18.).  

 
Figure I.5.18. Vertical distribution of density (sigma-t) in NPMS GE.  
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The CIL was located at depths from 55 to 82 m in the deep water stations. It was determined 
that the layer thickness was reduced from 23 m at the centre to 7 m on the borders of the 
transect by identifying the gradient boundaries of CIL. Minimum temperature 8.37°C was 
recorded at 62 m depth at St. No. 10 (Figure I.5.19.). 

It should be noted that the continuing trend of temperature increase is associated with the 
climate change of water stratification and influence by the previous "warm" winters (Polonsky 
& Popov, 2015). 

 
Figure I.5.19. Vertical distribution of water temperature by transect through the south-

western part of the Black Sea (JOSS GE-UA). 

 

I.5.4 Hydrophysical features of the continental slope and 
central part of the Black Sea 

Hydrological investigations over north-western and eastern parts of continental slope and 
central part of the Black Sea were performed during the JOSS GE-UA, JOSS RF and NPMS 12-
months RF. 

The powerful Sevastopol eddy (SE) was observed at locations of stations JOSS GE-UA 21-25. 
The transsection crossed current SE through its middle part (St. No. 21 and 23 located at the 
core of the eddy). This was the 4th eddy since the beginning of 2016. The eddy was first 
discovered by satellite data (Figure I.5.20.) in the middle of April. It completed its life cycle at 
the beginning of October. There are 11-14 eddies formed usually during a year and only one 
of them is long-living. 
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Figure I.5.20. Fields of (a) water temperature, (b) chlorophyll-a and (c) the long-wave 

radiation of the water surface at the beginning of June 2016 determined by satellite data. 

 

Reported data (Figure I.5.21.a) show a continuous CIL profile contoured by isotherm 8.7°C and 
the minimum temperature in core is 8.27-8.5°C. Earlier in 2005 the core of CIL was 8.0°C 
(Polonskyi & Popov, 2011). Vertical distribution of the following characteristics over the 
continental slope in the southern border of the NWBS (Figure I.5.21.) was obtained in two 
stages: Stations JOSS GE-UA 1 and 2 –24 May; Stations JOSS GE-UA 21 - 25 – 3-4 June. 

а 

b 

Figure I.5.21. Vertical distribution of water temperature (a), and salinity (b) by transect 
through the north-western part of continental slope (JOSS GE-UA). 
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The temperature of the upper layer 100 m in the deep part of the Black Sea was higher than 
climate temperature values for June (Eremeev and al. 2009). Higher temperature values were 
observed on all stations (Figure I.5.22.). This fact allows us to draw the conclusion about the 
overall warming of the upper layer of Black Sea water during the spring (Figure I.5.23.).  

The only deep-sea station JOSS GE-UA 12 measured to the bottom by temperature showed 
that a higher temperature than the expected climate value was recorded until the depth more 
than 900 meters. 

a 
 

b 

c 
 

d 

Figure I.5.22. Vertical distribution of water temperature: temperature obtained in JOSS GE-
UA and the multi-year values of temperature (Eremeev and al. 2009) for May and June: 

western part (JOSS GE-UA No. 19) - a); central part (St. No. 16) - b); eastern part (JOSS GE-
UA No. 13) -c); southeastern part (JOSS GE-UA No. 12) -d) 
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Figure I.5.23. Vertical distribution of temperature difference (∆t in°C) climate values for 
June and average values measured during the JOSS GE-UA. 

 

Really freshened waters (14.87-17.00‰) in surface layer was on the vertical distribution of 
salinity (Figure I.5.21.). 

Vertical distribution of hydrophysical features through the central part of open sea shows 
mostly homogenous structure fields (Figure I.5.24.). Minor variations in characteristics were 
observed in the western part of the transect and were associated with SE mentioned above. 

Observations at stations Nos. 13-19 were performed later than at the stations Nos. 3 and 4 on 
the decade. During this time, subsurface waters warmed up by 2°C approximately. Seasonal 
thermocline layer was at 11-15 m and the temperature increased by ca. 3 °C (14-18°C). 

The minimum of water temperature in CIL’s core was exactly the same as at the transect from 
NWBS (8.27°C). 

The upper border of the main halocline of vertical distribution was located at depths of 40 - 
53 m, with a minimum value in the central part of the sea. It had been raised to 10 - 15 m at 
the edges of the transect and located approximately in the areas of cores of climatic domes 
(Figure I.5.24.b). 

The only station with observations down to 1000 m depth was station No. 12. It was located 
at the periphery of the Batumi eddy. Borders of the main pycnokline at the location changed 
from 70 to 175 m and had a density range from 14.4 to 16.4. 

  

T,C 

H, m 
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а 

б 

В 

Figure I.5.24. Vertical distributions of water temperature (a), and salinity (b) by transect 
through the open part of the Black Sea (JOSS GE-UA). 

 

During the JOSS RF the temperature in the 100-m water column changed from 8.2oC in the CIL 
to 20oC near surface. The most prominent feature of observed temperature distribution was 
the absence of the classical CIL bordered by isotherm of 8oC (Titov, 2004). The minimum 
temperature in the CIL was ca. 8.2oC (Figure I.2.25.a). CIL was bounded by isotherm of 8.5oC. 
Salinity changed substantially along the transect showing the decrease at surface from the 
deep waters (18.5) to coastal zone (17.3) where the spring runoff still is manifested in May 
(Figure I.2.25.b). Vertical distribution of density exhibited the shallow upper mixed layer 
varying from 9 to 12 m (Figure I.2.25.c). Sharp density gradients (approx. 0.15 sigma-t/m) 
denoted the upper part of seasonal thermocline. All these hydrophysical properties (density, 
temperature and salinity) were compressed along depth in the sea center and expanded in 
peripheral area. CIL thickness in the sea centre was close to 15 m, whereas it was equal to 30 
m near the shelf, which istypical for the Black Sea hydrophysical structure (Oguz, 2008).   
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Figure I.2.25. Vertical distribution of (a) temperature (oC), (b) salinity and (c) density 

(sigma-t) along the 95-mile transect in JOSS RF. 

 

I.5.5 NPMS 12-months RF monitoring - Gelendzhik (Blue Bay)  

The sampling site of the NPMS 12-months RF monitoring study was located 4.3 miles off-shore 
near Gelendzhik (Blue Bay) over the sea bottom depth of 500 - 700 m (Figure I.5.26.). This 
region is a transitional zone between the coastal and open waters. Biological annual 
succession is less impacted by frequent environmental fluctuations in this place than in the 
shelf. The patterns of succession, phenology of the main biological annual events are the key 
characteristics of the ecosystem, based on which indicators of the good environmental status 
can be elaborated. 
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Figure I.5.26. Scheme of sampling locations during the NPMS RF: pilot monitoring study in 

Anapa Bay (left insertion), Gelendzhik Bay (right insertion) and NPMS 12-months 
monitoring study near Blue Bay (central insertion). 

 

Figure I.5.27. Vertical distribution of salinity (a) and temperature (b, oC) from May 
to November during NPMS long-term study in Gelendzhik. 

 

During the investigated time period salinity at sea surface varied in a narrow range from 17 to 
18 (Figure I.5.27.a). Lowest values were observed in summer time. Along depth salinity 
gradually increased until depth of 80 m where the sharp increase in salinity and its gradients 
occurred. Temperature at the surface changed from 14oC in May to 27oC in August and to 14oC 
in November (Figure I.5.27.b). The thickness of the upper mixed layer decreased from ca. 10 
m in May to 20 m in August and to 60 m in late November.  Changes of density in the upper 
layer were defined by those of salinity and temperature. Therefore, minimum values were 
observed in August (10 sigma-t) and highest in November (12.7 sigma-t). 

Gradual changes in all hydrophysical parameters were observed during the period of 
observation with exception of 19 June when vertical structure was compressed by lifting up 
subthermocline water. Typically, such effects were caused by mesoscale eddies which 
regularly occurred along the Caucasian shelf slope (Zatsepin et al., 2003). This event on 19 
June also led to increased concentration of phosphates and nitrates (see Chapter 
Eutrophication). Such intensive dynamics near the shelf means that the more frequent 
observations (biweekly) are needed for proper monitoring of the shelf ecosystem. 
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I.5.6 The dynamics of the upper border of the hydrogen 
sulphide zone in the deep part of the Black Sea  

To assess the current position of the anaerobic zone, the hydrogen sulphide content was 
investigated in seawater on six stations at the transect made along 43o30ʹ N latitude (JOSS GE-
UA - 3, 12, 13, 16, 19, 21) and on two stations in the territorial waters of Georgia (NPMS GE - 
St. Nos. 15, 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 =15.8 – 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 Figure I.5.28. it is shown that the upper boundary of hydrogen sulphide layer did not fall 
below σt =15,3 - 15,4 at all stations. 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 
=15.0; 58 m) was recorded at station JOSS GE-UA No. 19, located in the central part of the 
Western cyclonic gyre. In the central part of the Eastern gyre (station JOSS GE-UA No. 13) 
hydrogen sulphide was detected at the depth of 54 m, and this depth corresponded to the 
value of the conditional density σt =15.4. So, the data obtained during JOSS GE-UA have to be 
revalidated during expedition in 2017. 

 

 

 

 

 

 

 

 

 

 

Figure I.5.28. Vertical distribution of hydrogen sulphide (μmol/l) on the transect over the 
central part of the Black Sea (JOSS GE-UA). 

Vertical distributions of the oxygen and hydrogen sulphide are presented on Figure I.5.29. The 
figures show that at some stations the anaerobic and aerobic zones overlap, that is actually 
observed in the layer of coexistence of oxygen and hydrogen sulphide (C-layer). C-layer was 
recorded by many researchers until the early 90-ies, when was developed more accurate 
methods of measurement of oxygen, and previous results were revised, since Winkler method 
gave higher values of oxygen at its low concentrations. According to more modern concepts, 
the layer of coexistence of oxygen and hydrogen sulphide in the Black Sea does not exist 
(Sapozhnikov & Agatova, 2005, Belevich at al., 2011). In the works of Stunzhas at al. (2013), 
Eremeev & Konovalov (2006) it was shown that at the boundary of aerobic and anaerobic 
zones at low concentrations of O2 and H2S, the value of the error of measurement of 
concentration can be: for oxygen, 5 – 15 µmol/l (0,16-0,48 mg/l) and for hydrogen sulphide is 
3 ÷ 5 µmol/l (0,10 – 0,17 mg/l).  

Depth, m 
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             а) JOSS GE-UA - 3 

 
              б) JOSS GE-UA -12 

 
                  в) JOSS GE-UA - 13 

 
               г) JOSS GE-UA -16 

 
             д) JOSS GE-UA - 19 

 
            е) JOSS GE-UA – 21 

 
         ж) NPMS-GE - 13 

 
           з) NPMS-GE - 15 

Figure I.5.29. Vertical distribution of oxygen and hydrogen sulphide (mg/l) 
at the transect along 43o30ʹ N lat. (JOSS GE-UA) and in the territorial waters of Georgia (NPMS GE). 
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Apparently, the intersection of the anaerobic and aerobic zones in the graphs (Figure I.1.37.) 
should be the result of error analyses of oxygen that were carried out according to the method 
of Winkler and must be checked.  

These errors did not allow to obtain accurate estimates of the occurrence depth of the upper 
boundary of the H2S-zones, but they do not alter the conclusion that the boundary of the H2S-
zone on the transect 43o30'N lat. lies in the range of σt =15.0 – 15.4, i.e., on average, 1 unit of 
σt smaller than the corresponding value determined in the work of Bezborodov at al.  (1993) 
taking into account data from 1984 till 1992. 

Significantly higher country of H2S zone is supported by the data on microbial community 
composition (see Chapter II.6 for details). Indeed, microbial community sampled at 60 m at 
station 19 and at 54 m and 70 m at station 13 was characterised by high relative abundance 
of anaerobic bacterial genera, which benefit from the present of H2S, utilising various 
metabolic strategies. These genera include Wolinella (anaerobic fumarate respiring, reaching 
the relative abundance of 20% at 54 m at station 13), Candidatus thioglobus (previously known 
to mediate biogeochemical cycles in anoxic fjords, upwelling zones, and sulfidic regions) and 
Thioprofundum (sulfur oxidising bacteria).  

 

I.6 Conclusions 

Based on hydrographic data gathered during the spring of 2016, model calculations and 
satellite data the water hydrodynamic features and thermohaline structure of the Black Sea 
were analysed. 

Wind during the second half of May over BSB region was characterised by a variable wind as 
by direction as by values. 

The surface current fields corresponded to the climatic circulation of the open part of the 
Black Sea. Hydrodynamic of the north-western part of the Black Sea was rather complete and 
depended on number of factors: wind strength and direction, river run-off, anticyclonic eddies 
moving lengthways along the continental slope southwestwardly and Rim Current’s intensity. 
Circulation of the NWBS waters was characterised mainly by multi-directional vertical 
structures of synoptic scale. The results were confirmed by two different methods: 
instrumental observations of density and current model POM. 

Surface fields of temperature and salinity were close to the predicted multi-year values (by 
Eremeev at al., 2009), but at the same time reflected the current processes of the coastal 
upwelling. 

Transect across the continental slope located near NWBS dissected the middle part of 
Sevastopol eddy that was already the 4th formation in 2016. The situation was confirmed by 
the satellite data. 

The temperature of the surface layer of water in the Black Sea during the work was higher 
than the predicted multi-year values (by Eremeev at al., 2009) in a range from 0.4 to 1.3°C. 

Abnormally high values of temperature in core of CIL were observed over the continental 
slope and the open sea. This indicates significant changes in thermal conditions in the 
atmosphere over the BSB, reducing thermal processes and dynamic exchange of sea-
atmosphere system and forming water CIL in winter during the last years. 

During the JOSS RF the most prominent feature of observed temperature distribution was an 
absence of the classical CIL. The minimum temperature in the CIL was ca. 8.2oC. CIL was 
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bounded by isotherm of 8.5oC. Salinity changed substantially along the transect showing the 
decrease at surface from the deep waters to coastal zone where the spring runoff still was 
manifested in May 2016. Vertical distribution of density exhibited the shallow upper mixed 
layer varying from 9 to 12 m. All these hydrophysical properties (density, temperature and 
salinity) were compressed along depth in the sea center and expanded in peripheral area. CIL 
thickness in the sea centre was close to 15 m, whereas it was equal to 30 m near the shelf, 
which is typical for the Black Sea hydrophysical structure. 

Gradual changes in all hydrophysical parameters during fulfillment of the NPMS 12-months RF 
monitoring near Gelendzhik were observed during the period of observation with exception 
of 19 June, when the vertical structure was compressed by lifting up subthermocline water. 
Typically, such effect is caused by mesoscale eddies which regularly occurre along the 
Caucasian shelf slope. Such intensive dynamics near the shelf means that the more frequent 
observations (biweekly) are needed for proper monitoring of the shelf ecosystem. 

Upper boundary of hydrogen sulphide layer did not fall below σt 15,3 - 15,4 at all stations. This 
is significantly higher than the average value σt 16.18, which was obtained by Bezborodov at 
al. (1993) using the available data in the period from 1924 till 1990. Maximum lifting boundary 
of the H2S-zone in units of σt (σt 15.0; 58 m) was recorded at station No. 19, located in the 
central part of the western cyclonic eddy. In the central part of the eastern eddy (station No. 
13) hydrogen sulphide was detected at a depth of 54 m, but this depth corresponded to the 
value of the conditional density of σt =15.4. 

 

I.7 Recommendation 

In a follow-up surveys CTD measurements must be done until the depths of no less than 200 
- 250 m. A periodical validation of the readings from CTD sensors will have to be done by 
independent parallel laboratory measurements during the expedition. 

Significantly higher country of H2S zone is supported by the data on microbial community 
composition (see Chapter II.6 for details). Indeed, microbial community sampled at 60 m at 
station 19 and at 54 m and 70 m at station 13 was characterised by high relative abundance 
of anaerobic bacterial genera, which benefit from the present of H2S, utilising various 
metabolic strategies. These genera include Wolinella (anaerobic fumarate respiring, reaching 
the relative abundance of 20% at 54 m at station 13), Candidatus thioglobus (previously known 
to mediate biogeochemical cycles in anoxic fjords, upwelling zones, and sulfidic regions) and 
Thioprofundum (sulfur oxidising bacteria).  
Taking into account the abovementioned data, it is recommended to validate the boundary of 
H2S layer using metatranscriptomic study of microbial communities with the specific emphasis 
to the depths, where H2S started to be detected. 
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II.1.1 Introduction 

Phytoplankton is the main producer of primary production and the basis of the trophic chains 
of the ocean. Phytoplankton communities, represented by fast-growing, short-cyclical 
organisms, are first to respond to the nutrient saturation of the water reservoirs, by coherent 
rearrangement of their structural and functional organization. The WFD (Directive 
2000/60/EC) and the MSFD (Directive 2008/56/EC) of the European Union consider the 
phytoplankton a necessary component of the assessment of the ecological status of 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 reflecting the changes of 
nutrient concentration in the water column, have the advantage in the analysis of such 
environmentally significant process as eutrophication. 

However, the complexity and the lack of studies of phytoplankton reaction on 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 
taxonomic structure of phytoplankton. In this regard, at present, many researchers keep on 
the search and implementation of new phytoplankton indicators which reflect the various 
components of evaluating the quality of the aquatic environment (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 Black Sea countries, to harmonise 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. 
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II.1.2 Materials and methods 

II.1.2.1 NPMS/JOSS GE-UA 

During the surveys of NPMS UA and JOSS GE-UA 110 quantitative samples of phytoplankton 
were collected. In total, 58 and 52 samples were collected at the 25 stations of JOSS GE-UA 
and at 15 stations of NPMS UA, respectively. 

Quantitative phytoplankton samples were collected by vertical series consisting from several 
sampling depths. The depths were chosen with a target to collect material from main 
hydrophysical layers. At each station these layers were defined according to the CTD-sounding 
which was performed before the phytoplankton sampling. A special attention has been paid 
to fluorescence profile obtained simultaneously with the CTD-sounding. The samples in NPMS 
were collected from the upper mixed layer (UML), upper thermocline layer, lower thermocline 
layer, near bottom layer and depth of chlorophyll-a maximum (if this maximum did not 
coincide with other sampling layers). During JOSS the samples were collected from upper 
mixed layer, upper thermocline layer, and deep chlorophyll-a maximum depth. Additionally, 
at several stations samples from the Cold Intermediate Layer (CIL), lower thermocline and 
near bottom layers were collected when the vertical distribution of fluorescence allowed to 
suppose the presence of phytoplankton at such depths. For sample collecting 5L Niskis bottles 
attached to the CTD rosette system were used. Volume of sample was equal to 1-2 L and 3 L 
during NPMS and JOSS, respectively.  

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 two 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 
(Russian Federation) with magnification 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 volume of 1 mm3 is equal to 
1 pg.  

Species identification was done using mainly 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 database of World Register 
of Marine Species (WoRMS). 

Dominance of the species was studied. Species were defined as dominant if their proportion in the 
total phytoplankton abundance (or biomass) exceeded >60% b y  a single species or two 
species in total. 

The phytoplankton functional authotrophs/heterotrophs list was composed from the 
taxonomic list of the EMBLAS cruise. Species were defined as heterotrophs on base of 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 
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(Guy Hällfors, 2004) and 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 the list of toxic species of the Black Sea from the MISIS project report 
(Moncheva, Boicenco, 2014.) 

For assessment of the ecological status of ecosystem using biomass and chlorophyll-a the 
folowing definitions were used:  

- RefCon - background value for the given parameter from reference sources;  

- Target - target concentration for the given parameter;  

- AcDev - permissible deviation from background values (RefCon), if the value of the 
indicator is in direct dependence on eutrophication, i.e., its value increases with 
increasing level of eutrophication, we accepted AcDev = +50%; if the value of the 
indicator decreases with increasing eutrophication, we accepted AcDev = - 20%.  

- AcStat – actual values of the given parameter obtained by observation.  

Background values and target concentrations for Georgia and Russian Federation were taken 
from the Final Report 'Environmental monitoring of the Black Sea with focus on nutrient 
pollution' (Baltic2Black), the values for Ukraine were taken from the Report 'Reference and 
Target concentration for Eutrophication and Estimate of the state of waters', (Baltic2Black; 
UA, 2013). A list of indicators is presented in Table II.1.1. 

Table II.1.1. Metrics for the colour coding corresponding to WFD categories (after 
Baltic2Black). 

Habitat 

 

B (μg/m3) Chl-a (μg/l) 

Ref* Targ** Ref* Targ** 

Eastern deep-sea (marine) 155.30 233.00 0.20 0.30 

Western deep-sea (marine) 155.30 233.00 0.20 0.30 

UA NWBS Central 155.30 233.00 0.45 0.68 

UA NWBS Mixing 197.50 296.30 0.50 0.75 

UA Dniester (transitional) 1 078.30 1 617.50 0.60 0.90 

UA Dnieper(transitional) 1 078.30 1 617.50 0.80 1.20 

UA Danube (transitional) 3 553.00 5 329.50 1.20 1.80 

GE (coastal) - - 4.00 6.00 

* Reference conditions (RefCon); ** target concentration (Target) 

II.1.2.2 NPMS GE 

Samples of phytoplankton were collected on the 4-6-mile transect from the Georgian coastal 
zone of the Black Sea to the shelf area. Samples were taken at 15 stations. Stations 1 and 2 
were located rather remote from industrial, municipal and rural waste waters. This area was 
impacted by light anthropogenic influence.  Stations 3, 4 and 5 were located in the region 
which was impacted by the strong anthropogenic influence. Industrial, municipal and rural 
waste waters are charging into this area from Batumi and the river Chorokhi. Also mining 
waters from Chorohi are flowing into this area. Stations 6 and 7 were affected by the slight 
anthropogenic impact This section of the transect is most remote from industrial, municipal 
and rural waste waters. Stations 8 and 9 were located in the area with the slight anthropogenic 
influence. Minor impact from Kobuleti and Choloqi municipal and rural waste waters has been 
revealed. Stations 11 and 12 were siruated in the region with the strong anthropogenic 
impact. Industrial, municipal and rural waste waters are charging into this section of the 

http://nordicmicroalgae.org/
http://nordicmicroalgae.org/
http://www.eos.ubc.ca/
http://eol.org/)
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transect from Poti and river Rioni. Mining waste waters from the river Rioni are inflowing into 
this area. During water floods large volume of fresh water is causing the freshening of this 
area. Stations 13, 14 and 15 were located in the area with the slight anthropogenic influence. 
An influence of municipal and rural discharge waters from the river Enguri and Kulevi were 
less significant in this region. During floods this area is a subject to freshening. 

Samples were collected by vertical series consisting from different 3 to 6 sampling depths. The 
depths were chosen with a target 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 phytoplankton sampling. Special attention has been paid to the 
fluorescence profiles which were obtained simultaneously with the CTD-soundings. One of the 
phytoplankton samples was collected at a depth of the fluorescent maximum. 

Samples of the phytoplankton (volume of 2 L) were placed in labeled polyethylene bottle and 
fixed with 4% buffered formaldehyde. Then phytoplankton cells were allowed to settle for two 
weeks. After that via back filtration method the phytoplankton samples were concentrated 
using the special funnel and nylon filters (nuclear filters – pore size 1.09 µm). The samples 
were decanted to 80 – 120 ml. Identification of species and counting of cells were carried out 
under a microscope KRUSS with objectives with magnification of x20 and x40. Counting 
chamber Naujotte (0.05 ml) was used. Taxonomic identification was carried out mainly 
according to Identifying Marine Phytoplankton Manuals (Carmelo R. Tomas, 1998; Proshkina, 
1955; Kiselev, 1950). Taxonomical identification and quantification was provided as described 
in the Manual for Phytoplankton Sampling and Analysis in the Black Sea (Moncheva, Parr, 
2010). 

II.1.2.3 JOSS RF 

Samples of phytoplankton were collected on the 100-mile transect from the centre of the 
eastern part of the sea to the shelf area near Gelendzhik (see map of the cruise on Figure 3, 
Executive Summary) at six stations. Samples were collected by vertical series consisting from 
six sampling depths. The depths were chosen with an idea 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.  

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 
down to 10 - 20 cm3 by a slow decantation. Identification of species and counting of cells were 
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 
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similarity equating cells to shape of corresponding figures (cylinder, sphere, ellipsoid of 
rotation: Edier 1979, Vadrucci et al. 2007) assuming that the cellular density is equal to 1. 

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.  

II.1.2.4 NPMS RF 

Phytoplankton quantitative samples were collected during the surveys of R/V Peleng in Kerch 
strait on 6-7 August 2016 (5 samples) and Sochi Region 23 November – 1 December 2016 (14 
samples). The samples with the volume of 1.5 L were collected during the daytime from 
surface layer and were fixed with buffered formaldehyde up to the final concentration of 2%. 
Phytoplankton was concentrated 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 №77 to the volume of 100 - 150 ml. These concentrates were 
decanted in narrow cylinders. They were settled for one week and concentrated one more 
time to the final volume of 10 - 50 ml (Tsiban, 1980; Sukhanova, 1983; Makarevich, Druzhkov, 
1989). Samples treatment was carried out in a stationary Lab under a light microscope LOMO 

“Mikmed-2” with magnifications of x 200 and x 400. Phytoplankton cells were examined in a 
Nageotte counting chamber with a volume of 0.05 ml at least in three replicates (Fedorov, 
1979; Koltsova et al., 1979; Manual, 1980). 

Most of species of micro- and nanoplankton algae of classes Chrysophyceae, Euglenophyceae, 
Chlorophyceae, Cyanophyceae, Cryptophyceae and some "bare" representatives of 
Dinophyceae do not have dense cell membranes. Their tender cell membranes easily break 
down even under the action of weak fixatives. To include this group of algae to analysis 
duplicate samples of 0.5 L were taken, fixed with 5% Lugol's solution (more gentle fixative), 
and the sediment method was used for concentration of algae. Part of the concentrate (1/5-
1/10) was diluted to the volume of 10-15 ml for enumeration of seldom large species.  Cells 
were measured with the help of eyepiece-micrometer, the minimal size of identified cells – 1-

3 m. For the colonial Сyanophyceae algae of the genus Oscillatoria and Planktolyngbya, a 
filament of 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 the 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). 

The biomass of algae was estimated by the volume-estimating method assuming shape of cells 
similar to geometric fugure or 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 equal to its volume.  

http://www.algaebase.org/search/species/
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II.1.3 Results and discussion 

The analysed data from NPMS UA, NPMS GE, JOSS GE-UA and JOSS RF are discussed. Stations 
NPMS UA and NPMS GE corresponded with the category 'Shelf' (Shelf-UA and Shelf-GE). 
Stations JOSS GE-UA and JOSS RF corresponded with the categories 'open water' (OW; OW-
UA, OW-GE, OW-RF). Part of data from NPMS RF are under processing. 

II.1.3.1 Species composition and biodiversity  

In the whole studied area 356 species from 15 classes of unicellular algae were identified. The 
total list of species, its occurrence in different habitats is presented in the Annex. The highest 
contribution to the overall species diversity belonged to Dinophyceae (45%, 160 species). The 
second taxon by the number of species was Bacillariophyceae (108). The relatively high 
number of species was identified for Cyanophyceae (22) Chlorophyceae (20) and 
Prymnesiophyceae (16). For Chrysophyceae as for Cryptophyceae 5 species was identified. 
Another 12 species were distributed among six other classes (Figure II.1.1.). Number of species 
in the open waters (287) and shelf (291) was close, but the number of Dinophyceae species in 
the shelf (120) was lower than in the open sea waters (154). In contrast, the number of 
Bacillariophyceae species in the shelf (102) was higher than in the open waters (74). 

 

Figure II.1.1. Phytoplankton taxonomic composition (transects NPMS UA (Shelf-UA), NPMS 
GE (Shelf-GE), JOSS GE-UA (OW-UA, OW–GE) and JOSS RF (OW–RF)). 

 

Highest species diversity was found in Shelf-UA (224 species). In the open waters, the number 
of identified species decreased (138 species in OW-UA, 71 in OW-RF and 72 in OW-GE). 126 
species of unicellular algae were identified on Georgia's continental shelf. Dinophyceae 
contribution to the total number of species increased from 30% in Shelf-UA to 50% in OW-UA 
and to 69% in OW-RF. In OW-GE and Shelf-GE Dinophyceae contributions were similar (an 
average of 66%). For species diversity of Bacillariophyceae the trend was reverse. The 

0

50

100

150

200

250

300

350

Shelf-UA OW-UA OW-RF OW-GE Shelf-GE OW Shelf Total

SP
EC

IE
S 

N
U

M
B

ER

Synurophyceae

Prasinophyceae

Chlorodendrophyceae

Ulvophyceae

Dictyochophyceae

Trebouxiophyceae

Cryptophyceae

Chrysophyceae

Euglenoidea

Prymnesiophyceae

Chlorophyceae

Cyanophyceae

Bacillariophyceae

Dinophyceae



Scientific Report – Joint Black Sea Surveys 2016 

 

73  

contribution of this taxon to the total number of species decreased from 42% in Shelf-UA to 
25% (OW-UA) and to 18% (OW-RF). It slightly increased in OW-GE and Shelf-GE (24% on 
average). 

In JOSS RF total number of occurred species was 76 including 5 size groups of non-identified 
nanoflagellates and pico-eucariotes and unicellular cyanobacteria. Dinophyceae was most 
numerous group represented by 49 species followed by Bacillariophyceae with 13 species and 
Prymnesiophyceae with 3 species. By abundance, coccolithopore Emiliania huxleyi 
predominated in the UML and TL on average accounting for 0.89 and 0.63 × 106 cells/l, 
respectively. In the CIL, cyanobacteria were most numerous, averaging 1.2 × 106 cells/l. By 
biomass, Emiliania huxleyi predominated in the UML (156 mg/m3) and TL (96 mg/m3), whereas 
nanoflagellates 4-8 µm comprised a main portion to the total phytoplankton biomass (13 
mg/m3) in the CIL (Figure II.1.2.).   

 

 

 
 

Figure II.1.2. Shares of different taxonomic groups in the total phytoplankton biomass in 
the layers: UML, TL and CIL (transect JOSS RF). 

 

In the investigated area of Sochi Region 58 species and several not identified algae belonging 
to 8 classes were detected: Bacillariophyceae (diatoms), Dinophyceae (dinophyte), 
Prymnesiophyceae (primesia), Cryptophyceae (cryptophyte), Dictyochophyceae 
(diktiochovye), Prasinophyceae (prasinophyte), Cyanophyceae (blue-green), Ebriophyceae 
(ebridium) (Figure II.1.3.). Highest species diversity was distinguished among Dinophyceae (31 
species) and diatoms (20 species) algae, other classes were represented by a small amount (1-
2 species). 

In the investigated area of the Kerch strait 41 species and several not identified species 
belonging to 6 classes were detected: Bacillariophyceae (diatoms), Dinophyceae (dinophyte), 
Cryptophyceae (cryptophyte), Euglenophyceae (euglenic), Chlorophyceae (green), 
Cyanophyceae (blue-green) (Figure II.1.3). Highest species diversity was distinguished among 
dinophytes (19 species) and diatoms (15 species) algae. Other classes were represented by a 
low number (2-3) of species. 
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а b 

 

 

 

Figure II.1.3. The number of species identified within the dominant classes of plankton 
algae in the investigated area of Sochi (a) and Kerch strait (b). 

 

II.1.3.2 Phytoplankton community structure (abundance, 
biomass by taxonomic groups) 

The abundance of phytoplankton varied from 0.59∙103 cells/l (OW-UA) to 3918∙103 cells/l 

(Shelf-UA), biomass from 0.15 mg/m3 (OW-GE) to 2386 mg/m3 (Shelf-GE). 

The average values at the shelf (322∙103 cells/l) and the open water (305∙103 cells/l) stations 

were very close. The mean biomass for shelf waters (529 mg/m3) was two times higher than 

in the open waters (261 mg/m3) (Figure II.1.4 a, b). The mean abundance for the stations of 

national transects JOSS GE and NPMS GE were four times lower, whereas the mean biomass 

were two times higher than the same values for the Ukrainian transect (91 and 397∙103 cells/l; 

651 and 337 mg/m3, respectively; Figure II.1.4.c, d). 

The mean biomass for Shelf-UA was 418 mg/m3. In OW-UA it decreased to 247 mg/m3 and in 

OW-RU it reached the minimum value of 108 mg/m3 (Figure II.1.4.e, f). Biomass in OW-GE 

and in Shelf-GE was significantly higher than that in all other water bodies. Abundance was 

lower than in OW-RU and Shelf-UA. The average abundance in OW-UA was also two times 

higher than in OW-GE (214∙103 and 103∙103 cells/l), but these differences were not 

statistically significant. 

 

  



Scientific Report – Joint Black Sea Surveys 2016 

 

75  

a b 

  

c d 

  

e f 

 

 

Figure II.1.4. Spatial variation of average abundance (103 cells/l, left) and biomass (mg/m3, 
right) on transects NPMS UA (Shelf-UA), NPMS GE (Shelf-GE), JOSS GE-UA (OW-UA, OW–

GE) and JOSS RF (OW –RF). 

 

Highest values of abundance and biomass in shelf-UA were observed in the UML (786∙103 
cells/l and 656 mg/m3). Mean values of these parameters in the TL decreased to 548∙103 cells/l 
and 446 mg/m3, in the CIL to 116∙103 cells/l and 109 mg/m3 (Figure II.1.5). 
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a  b  

 

 

 

 

c  d  
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Figure II.1.5. Distribution of total phytoplankton average abundance (103 cells/l, left) and 
biomass (mg/m3, right) in upper mixed layer (UML, a, b), seasonal thermocline (TL, c, d) 
and cold intermediate layer (CIL, e, f) in NPMS UA (X-axis - longitude; Y-axis - latitude; 

crosses - samples). 

 

In the UML and the TL the phytoplankton abundance and biomass in Shelf-UA were observed 
in the area of the Danube Delta (Figure II.1.5.a-d). The impact of the Dniester was revealed 
only in the bottom layer, which may be associated with the development of coastal upwelling 
(Figure II.1.5 e, f). Effect of runoff of the Dnieper in the upper layers also was not observed. A 
steady decline in the abundance of phytoplankton with depth was also observed in Shelf-GE 
(NPMS GE). The average abundance was successively decreasing from 144∙103 cells/l in the 
UML to 98∙103 cells/l in the TL and to 36∙103 cells/l in the CIL. Biomass decreased from 1063 
to 542 and to 369 mg/m3, respectively (Figure II.1.6.).  
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Figure II.1.6. Distribution of total phytoplankton average abundance (103 cells/l, top) and 
biomass (mg/m3, bottom) in upper mixed layer (UML, a, d), seasonal thermocline (TL, b, e) 

and cold intermediate layer (CIL, c, f) in NPMS GE (X-axis - longitude; Y-axis - latitude; 
crosses - samples). 

 

The spatial distribution of phytoplankton on the Georgian shelf showed the influence of the 
two rivers (Figure II.1.6.a-c). The maximum abundance in the southern part of the research 
area was probably determined by the influence of runoff Chorokhi River. Its average discharge 
(285 m3/s) significantly increased during the spring and summer. In the northern part of the 
study area, high values of algae abundance were probably determined by the influence of 
runoff of even larger Rioni River with the average water discharge of 405 m³/s. On the 
contrary, phytoplankton biomass in the areas of the mouths of these rivers demonstareted 
the spatial minimum both in the UML and in the TL. This indicates significant restructuring of 
taxonomic structure of phytoplankton in these waters. Analysis of the taxonomic community 
structure in the UML revealed an increase in the contribution of Bacillariophyceae to the total 



Scientific Report – Joint Black Sea Surveys 2016 

 

78  

phytoplankton biomass at the stations with the highest biomass (up to 73%, with an average 
contribution of 27%). At the stations with the maximum of abundance, there was found a 
sharp increase in the contribution of Cyanophyceae to the total abundance (up to 57%, with 
an average contribution of 8%) or Prymnesiophyceae (up to 70%, with an average contribution 
of 26%). Vertical distribution of phytoplankton in the JOSS GE-UA survey showed the 
maximum values of abundance and biomass in the upper 20 m (Figure II.1.7.). 

a B 

 

 

c D 

  

e F 

 

 

Figure II.1.7. Distribution of total phytoplankton average abundance (103 cells/l, left) and 
biomass (mg/m3, right) for 3 transect JOSS UA-GE (X-axis – the number of stations with 

orientation along latitude (a, b) and longitude (c-f); Y-axis – depth). 

 

Spatial distribution of abundance and biomass varied in this layer. Highest abundances (up to 
2571∙103 cells/l) were detected at stations 8 (OW-UA) and 24 (OW-GE), peaks of biomass (up 
to 1795 mg/m3) - at stations 1, 25 (OW-UA ) and 12, 6, 10 (OW-GE) (Figure II.1.7.). 

In JOSS-RF the average abundance of phytoplankton for the transect in the different water 
layers UML, TL and CIL was equal to 1.7, 1.25 and 1.9 × 106 cells/l, respectively. The 
corresponding values of the average biomass were 206, 139 and 23 mg/m3, respectively. The 
total phytoplankton biomass in the water column varied from 3250 to 8100 mg/m2, with an 
average of 6110 mg/m2.  

Coccolithophores predominated in the total phytoplankton biomass in the UML and TL 
comprising 69-72 % (Figure II.1.2.). Below in the CIL, nanoflagellates made the main portion 
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of the biomass, averaging 48%. Share of Dinophyceae decreased from the UML to the TL and 
to the CIL comprising 15%, 9% and 5%, respectively. Bacillariophyceae played a minor role in 
the phytoplankton biomass. Their share in the UML and the CIL was less than 1%. Only in the 
TL they contributed 7% to the total phytoplankton biomass, mainly due to Proboscia alata and 
Pseudo-nitzschia delicatissima.  

 
Figure II.1.8. Vertical distribution of the total abundance (A, cells/l) and biomass (B, 

mg/m3) on the 95-mile longitude transect JOSS RF from the center of the eastern cyclonic 
gyre (on the left) to the Caucasian coast (on the right).  

X-axis - latitude; Y-axis - depth; dots - samples. 

 

Vertical distribution of the total abundance (without picoplankton) and biomass showed 
maximum values in the upper 10 m layer (Figure II.1.8.a, b). High abundances in the 10 - 20 m 
layer sharply decreased from about of 1 × 106 cells/l to 0.1 × 106 cells/l at depth of 30 m. 
General trend of decrease from the sea center to the coast was observed both in the total 
abundance and biomass. 

 
Figure II.1.9. Vertical distribution of biomass (B, mg/m3) of dinoflagellates (A) and small 

flagellates including pico-eucariotes (B) on the 95-mile longitude transect JOSS RF from the 
center of the eastern cyclonic gyre (on the left) to the Caucasian coast (on the right). X-axis 

- latitude; Y-axis - depth; dots - samples. 

 

Vertical distributions of the total phytoplankton cell numbers and biomass were defined by 
the distribution of the coccolithophorids, the main predominating group of algae. This group 
was represented mostly by one species Emiliania huxleyi, which vertical and horizontal 
distributions corresponded to those of the total abundance and biomass (Figure II.1.8). In 
contrast to coccolithophores, dinoflagellates and small flagellates demonstrated another 
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pattern of the spatial distribution showing decrease from the coast to the sea center (Figure 
II.1.9). Biomass of small flagellates was distributed unevenly along the depth exposing several 
layers with the elevated biomass (Figure II.1.9.b). The most prominent increase of their 
biomass was observed in the layer below the TL from depth from 30 to 40 m. 

During NPMS RF in the Sochi region in November 2016 average abundance and biomass of 
phytoplankton were 52000 cells/l and 60 mg/m3. Maximum abundance (262 103 cells/l) of 
plankton algae was observed at st.  10. On other stations cell numbers varied between 15 and 
85 103 cells/l. Maximum values of biomass (122 and 174 mg/m3) were observed on st. 2 and 
5, respectively. On other stations these values varied between 17-55 mg/m3. 

On the entire investigated area Prymnesiophyceae (nanoplankton species Emiliania huxleyi) 
and cryptophytes (genus Plagioselmis) dominated  phytoplankton,  reaching on average 54% 
and 22% of the total abundance.  In sum they comprised 12% of the phytoplankton biomass 
(Figure II.1.10). A longer time of development of Emiliania huxleyi is known from 1990s in the 
Black Sea (Sukhanova, 1995). During the last years the abundance of E. huxleyi in the open sea 
periodically reached the level of algae bloom and the rising tendency was shown (Mikaelyan 
et al., 2011), which was confirmed by satellite observations (Cokacar et al., 2001; Burenkov et 
al., 2006; Yasakova, Stanichniy, 2012). This phenomenon is associated with climatic features 
of a given year (anomalously cold winter), an increase in content of inorganic phosphoirus in 
the UML (Mikaelyan et al., 2011, 2013). In regards with the ability of coccolithophorides to at 
some extent regulate the level of CO2 in the atmosphere and, as a consequence, to influence 
on the temperature regime and climatic conditions of our planet, one can say that studies of 
the dynamics of development of E. huxleyi in the current time period deserve special 
attention. 

                   а                       B 

  

Figure II.1.10. Contribution of phytoplankton taxonomic classes to abundance (a), and 
biomass (b) of phytoplankton in the Sochi region. 

 

The contribution of diatoms and dinophytes to phytoplankton community was substantial in 
terms of biomass (47 and 39%), whereas they reached only 17 and 6% of the total abundance. 
Significant desalination of the coastal zone by the waters of the continental discharge and high 
hydrodynamic activity probably caused appearance in the plankton community species of 
diatoms Amphora spp. and cf Diatoma vulgaris, which are typical for desalinated sea areas 
and are regular components of the bottom habitats communities as a component of epiphytic 
complex of microalgae. These pennate diatoms formed a significant part (46%) of the cell 
abundance and of the biomass (50%) of all diatoms in the pelagic area of the studied region. 
The most numerous cells Amphora spp. (1.7-10.2 ∙103 cells/l) were on st. 2, 5, 12. The species 
cf Diatoma vulgaris with the cell numbers ranging from 19.5 to 65 ∙103 cells/l was observed 
on st. 1-8, 11 and 12. In the entire investigated area such indicative planktonic diatom species 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=115057
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as Dactyliosolen fragilissimus, Nitzschia tenuirostris, Proboscia alata, Thalassionema 
nitzschioides and Pseudosolenia calcar-avis were highly developed, forming together 45% of 
the abundance and 32% of the biomass of the Bacillariophyceae. Thalassionema nitzschioides 
had the most homogeneous distribution - this specie was observed at all stations with 
abundance from 0.5 to 4.9 ∙103 cells/l. The most common species among the dinophytes were 
Prorocentrum micans and Prorocentrum cordatum (in total 31% of the abundance and 30% of 
the biomass of the class). A large amount was noticed among representatives of the genus 
Gymnodinium, Gyrodinium, Amphidinium, Heterocapsa, Katodinium (in total 55% of the 
abundance of the class). The main component of biomass (48%) of dinophytes was formed by 
larged-cell species Ceratium fusus, Ceratium furca, Dinophysis rotundata, Polykrikos kofoidii, 
Protoperidinium divergens, Gyrodinium spirale, Torodinium robustum and Gonyaulax sp. 

The average abundance and biomass of phytoplankton in the Kerch Strait area in August 2016 
were 719 ∙103 cells/l and 1922 mg/m3. The maximum abundance and biomass (3046 ∙103 
cells/l and 4589 mg/m3) of plankton algae were observed on st. 2 where the mass 
development of the mesosaprobic dinophyte species Prorocentrum micans (272 ∙103 cells/l 
and 2960 mg/m3) and blue-green algae (2411 ∙103 cells/l and 197 mg/m3) was registered. It 
should be noted that Prorocentrum micans often becomes the cause of "red tides" in the 
shallow northwestern part of the Black Sea, and the "bloom" of blue-green algae during the 
formation of the blocking layer can cause hypoxia in coastal areas of the Azov Sea (Nesterova, 
2001; Matishov, Fushtei, 2003). The minimum values of phytoplankton development (34-44 
∙103 cells/l and 109-664 mg/m3) were recorded on st. 5 and 19. 

In the Kerch Strait area blue-green algae dominated ptytoplankton (69% of the total 
abundance). Most abundant were Planktolyngbya limnetica and species of the genus 
Anabaena (49 and 20% of total abundance). Diatoms and dinophytes contributed a significant 
portion (11 and 12%) to the total abundance and to biomass (61 and 36%) of phytoplankton 
(Figure II.1.11.). 

                     а                       b 

 

 

Figure II.1.11. Contribution of phytoplankton taxonomic classes to abundance (a), and 
biomass (b) of phytoplankton in the Kerch Strait area. 

 

Among diatoms the large species Pseudosolenia calcar-avis was most noticeable, reaching on 
average 5% of the total abundance and 60% of the phytoplankton biomass. Intensive 
development was also observed in the following diatom species: Leptocylindrus danicus, 
Nitzschia tenuirostris, Thalassionema nitzschioides and species of the genus Pseudo-nitzschia, 
which together formed 56% of the total abundance of diatoms. Among the dinophytes the 
species of the genera Gymnodinium and Heterocapsa, Prorocentrum micans and 
Prorocentrum minimum prevailed numerically (80% of the class abundance). A significant part 
(34%) of the biomass of the total phytoplankton was formed by Prorocentrum micans. 
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The general trend was observed in decreasing of the average biomass from the Ukrainian shelf 
to the open waters. However, sharp increase of phytoplankton biomass was recorded in JOSS 
GE and NPMS GE. In abundance there was a decreasing trend from the Ukrainian shelf to the 
shelf waters of Georgia. On the JOSS RF transect relative increase of the phytoplankton 
biomass was observed. 

This pattern of abundance and biomass variability might be determined by changes in size and 
taxonomic structures of phytoplankton. For the investigated areas it was determined by 
redistribution of the inputs of Bacillariophyceae, Dinophyceae and Prymnesiophyceae to 
phytoplankton communities (Figure II.1.12.). 

a 

 

b 

 

Figure II.1.12. Contributions of phytoplankton taxonomic classes to the average 
phytoplankton abundance (103 cells/l, a) and biomass (mg/m3, b) (transects NPMS UA 
(Shelf-UA), NPMS GE (Shelf-GE), JOSS GE-UA (OW-UA, OW–GE) and JOSS RF (OW–RF)). 
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Bacillariophyceae contribution to the phytoplankton abundance was 85% in Shelf-UA, reduced 
to 50% in OW-UA and falled to 0.1% in OW-RF. In OW-GE and Shelf-GE it did not raise above 
20%. In contrary, the relative contribution of Prymnesiophyceae to the abundance increased 
from 4% (Shelf-UA) to 44% (OW-UA) and to 91% (OW-RF). In OW-GE and Shelf-GE imput of 
Prymnesiophyceae to the abundance was less significant (25% and 31%). The dominant group 
by abundance there was Dinophyceae (33% and 37%, respectively). (Figure II.1.12.a).  

Contribution of Bacillariophyceae to biomass in Shelf-UA was 69%. In OW-UA this parameter 
in contrary to abundance increased to 80%. It was accompanied by a decrease of Dinophyceae 
input from 28% to 14% and by a slight (6%) increase of Prymnesiophyceae contribution. 
Prymnesiophyceae contributed significant portion (78%) to the biomass only in OW-RF. In 
OW-GE and Shelf-GE the dominants by biomass were Dinophyceae. Their contribution to the 
biomass was 65% and 76% respectively (Figure II.1.12.b). 

II.1.3.3 Functional phytoplankton groups as potential indicators 
(A/H ratio) 

Described in the previous section changes of contribution of Dinophyceae (a taxonomic group 
with the largest contribution of heterotrophs) to the phytoplankton biomass in general 
coincided with changes of A/H ratio. This ratio reached highest values in the area with the 
lowest presence of Dinophyceae - OW-RF. For the habitat with the highest dominance of 
Dinophyceae (Shelf-GE) the values of A/H ratio were the lowest (Figure II.1.13). 

 

Figure II.1.13. Authotrophs/heterotrophs (A/H) ratio based on biomass (transects NPMS UA 
(Shelf-UA), NPMS GE (Shelf-GE), JOSS GE-UA (OW-UA, OW–GE) and JOSS RF (OW–RF)). 

 

The peculiarity of the vertical distribution of the A/H ratio is the following: in OW-UA and OW-
RF the biomass of heterotrophic microalgae in the CIL was higher than in UML, whereas  in 
Shelf-UA and Shelf-GE the biomass of heterotrophs in the UML was higher than in the CIL 
(Figure II.1.13.). 
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II.1.3.4 Dominant species 

Among all species presented in Table II.1.3., whose contribution to the total abundance or 
biomass exceeded 60%, only one species, Pseudo-nitzschia delicatissima (PT Cleve, 1897) 
Heiden, 1928, reached the level of bloom (up to 3 397∙103 cells/l in Shelf-UA and 2 396∙103 
cells/l in OW-UA). 

Table II.1.2. Dominant and common species in the phytoplankton community. 

Species 

Biomass  Abundance 

Shelf Open waters Shelf Open waters 

GE UA GE UA RF GE UA GE UA RF 

Coscinodiscus janischii A.Schmidt, 1878 +   +               

Dactyliosolen fragilissimus  (Bergon) G. R. Hasle, 1991       +             

Emiliania huxleyi  (Lohmann) Hay , Mohler, 1967       +         + + 

Gonyaulax sp. +                   

Hillea fusiformis  (Schiller) Schiller, 1925             +       

Levanderina fissa (Levander) Ø.Moestrup, P.Hakanen, 2015   +                 

Limnothrix planctonica  (Woloszynska) Meffert, 1988           +         

Merismopedia glauca  (Ehrenberg) Kützing, 1844           +         

Microcystis aeruginosa  (Kützing) Kützing, 1846               +     

Proboscia alata  (Brightwell) Sundström, 1986       +         +   

Protoperidinium brochii (Kofoid & Swezy, 1921) Balech, 1974      +               

Protoperidinium crassipes  (Kofoid, 1907) Balech, 1974 +                   

Protoperidinium depressum  (Bailey, 1850) Balech, 1974   +                 

Pseudo-nitzschia delicatissima  (P.T. Cleve, 1897) Heiden, 1928   +   +     +   +   

Pseudosolenia calcar-avis  (Schultze) B.G.Sundström, 1986    +   +             

Tripos declinatus  (Karsten) F.Gómez, 2013 +                   

Tripos furca  (Ehrenberg) F.Gómez, 2013   +                 

Tripos trichoceros  (Ehrenberg) F.Gómez, 2013       +             

Species complexes GE UA GE UA R F GE UA GE UA RF 

Tripos declinatus  (Karsten) F.Gómez, 2013 
+ 

                  

Achnanthes longipes C.Agardh, 1824                   

Cochlodinium pirum (Schütt) Lemmermann, 1921 
+ 

                  

Protoperidinium pellucidum  Bergh, 1882                   

Dinophysis ovum (F.Schütt) T.H.Abé 
+ 

                  

Ceratium tripos (O.F.Müller) Nitzsch, 1817                    

Emiliania huxleyi  (Lohmann) Hay , Mohler, 1967             
+ 

      

Pseudo-nitzschia delicatissima  (P.T. Cleve, 1897) Heiden, 1928                   

Pseudo-nitzschia delicatissima  (P.T. Cleve, 1897) Heiden, 1928   
+ 

                

Gyrodinium lachryma  (Meunier, 1910) Kofoid , Swezy, 1921                   

Diplopsalis lenticula  Bergh, 1881   
+ 

                

Dinophysis acuminata  Claparède , Lachmann, 1859                   

Chaetoceros curvisetus  P.T. Cleve, 1889   
+ 

                

Pseudo-nitzschia delicatissima  (P.T. Cleve, 1897) Heiden, 1928                   

Diplopsalis lenticula  Bergh, 1881   
+ 

                

Lingulodinium polyedrum  (Stein, 1883) Dodge, 1989                   

 
The predomination of species belonging to the single class (Dinophyceae or 
Bacillariophyceae), or different classes (Dinophyceae-Bacillariophyceae, Prymnesiophyceae-
Bacillariophyceae) was also observed in shelf waters (Table II.1.3.). 
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II.1.3.5 Potentially toxic species (PTS) 

In the studied area a 14 potentially toxic species were identified. The highest average 
abundance (302∙103 cells/l) and biomass (143 mg/m3) was registered for Pseudo-nitzschia 
delicatissima. The relatively high average biomass was found for Phalacroma sphaeroideum 
(57.12 mg/m3) and Gonyaulax spinifera (47.09 mg/m3). All potentially toxic species 
demonstrated higher abundance and biomass in the shelf waters in comparison with the open 
waters (Figure II.1.14.). 

 

 

Figure II.1.14. Average abundance (103 cells/l, left) and biomass (mg/m3, right) of 
potentially toxic phytoplankton species. 

 

The highest abundance of potentially toxic species was found in the Ukrainian shelf waters 
(56∙103 cells/l), the highest biomass - on the Georgian shelf (51 mg/m3) (Figure II.1.15.). 

 

 

Figure II.1.15. Distribution of abundance (103 cells/l, left) and biomass (mg/m3, right) of 
potentially toxic phytoplankton species by habitats. 
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II.1.3.6 Phytoplankton indicator based ecological status 
assessment 

To assess the ecological status of habitats, classified as the open water (OW-UA, OW-GE) and 
shelf waters (Shelf-UA and Shelf-GE,) biomass and chlorophyll-a were used. Assessment of 
Shelf-UA region revealed differences for these indicators. The spatial distribution of ecological 
status categories showed the sequential gradients of their variability. The category "poor" was 
noted for the Ukrainian sector of the Danube region. But the localizations of this category for 
biomass and chlorophyll-a were different (Figure II.1.16.).  

 

 

Figure II.1.16. Map of environmental status colour coded categories based on 
phytoplankton biomass (mg/m3, left) and chlorophyll-a (µg/l, right) in NPMS UA, upper 

mixed layer  (X-axis - longitude; Y-axis - latitude; crosses- stations). 

 

For the OW-UA waters the similarity between the results of the assessment for biomass and 
chlorophyll-a was not complete either. In biomass assessment, most stations were classified 
in "high" category. In chlorophyll-a assessment, only stations in the central part of the sea 
were classified as "high" (Figure II.1.17.). 

 

  

Figure II.1.17. Map of ecological status using colour coded categories based on 
phytoplankton biomass (mg/m3, left) and chlorophyll-a (µg/l, right) in JOSS UA, upper 

mixed layer (X-axis - longitude; Y-axis - latitude; crosses- stations). 

 

For the OW-GE waters, a homogeneous distribution of colour coded ecological status based 
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on chlorophyll-a has been revealed. Ecological status of all OW-GE waters by chlorophyll-a 
indicator was classified as "high" (Figure II.1.18.). 

 

 

Figure II.1.18. Map of ecological status using colour coded categories based on chlorophyll-
a (µg/l) in JOSS GE, upper mixed layer (X-axis - longitude; Y-axis - latitude; crosses - 

stations). 

 

The status of all Shelf-GE area by chlorophyll-a indicator was classified as "high" for both the 
surface and the bottom layer (Figure II.1.19). 

 

 

 

Figure II.1.19. Map of ecological status using colour coded categories  
based on chlorophyll-a (µg/l, right) in NPMS GE, upper mixed layer  

(X-axis - longitude; Y-axis - latitude; crosses - stations). 

 

These comparisons confirm the need to revise the classification scales and the thresholds 
between the categories  for the waters of the studied area, taking into consideration the 
regional specificity to comply to the requirements of the WFD and MSFD. Despite of this, the 
data show that the most favorable environmental conditions in the investigated sites were for 
the open Ukrainian shelf water (OW-UA). The worst category of ESC was noted for the 
Ukrainian sector of the Danube region ("poor"). 
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II.1.4 Conclusions 

• According to the data from NPMS UA, NPMSGE, JOSS GE-UA and JOSS RF surveys there 
were identified 356 species from 15 classes of single-celled algae. The largest contribution 
to the overall species diversity belonged to Dinophyceae (160 species). The second taxon 
by number of species was Bacillariophyceae (108 species). 

• The highest species diversity was found in Shelf-UA (224 species). In the open waters 
number of identified species decreased (138 OW-UA, 71 OW-RF and 72 OW-GE). 126 
species have been identified on Georgia's continental shelf. 

• Species diversity among Dinophyceae on the shelf was lower than in the open waters, 
whereas Bacillariophyceae demonstrated opposite trend: higher diversity in the shelf than 
in open waters. 

• The average biomass on the shelf (529 mg/m3) exceeded the same value in the open 
waters (261 mg/m3) by two-fold. 

• Maxima of phytoplankton abundance and biomass were mainly located in the upper layer 
(up to 20 m). 

• The general trend was observed in decreasing of the average biomass from the Ukrainian 
shelf to the open waters. However, sharp increase of phytoplankton biomass was recorded 
in JOSS GE and NPMS GE. In abundance there was a decreasing trend from the Ukrainian 
shelf to the shelf waters of Georgia. On the JOSS RF transect relative increase of the 
phytoplankton biomass was observed. 

• High contribution of Bacillariophyceae in the average abundance in Shelf-UA (85%) 
decreased to 50% in OW-UA, and to 0.1% in OW-RF. In OW-GE and Shelf-GE it was not 
raised above 20%. In contrary, the relative portion of Prymnesiophyceae in the total 
abundance increased from 4% (Shelf-UA) to 44% (OW-UA) and to 91% (OW-RF). In OW-GE 
and Shelf-GE input of Prymnesiophyceae to the total abundance was less significant (25% 
and 31%). Dinophyceae was the largest dominant group there (33% and 37%, 
respectively). 

• Index A/H ratio was at its maximum in OW-RF where the contribution of Dinophycea was 
the lowest. In the areas with the highest predominance of Dinophyceae (Shelf-GE) the 
values of A/H ratio were minimal. 

• Among 18 mass species registered in the studied area only Pseudo-nitzschia delicatissima 
reached the level of bloom (to 3.39∙106 cells/l in Shelf-UA and 2.39∙106 cells/l in OW-UA). 

• In the study area 14 potentially toxic species were identified. The highest average 
abundance (302∙103 cells/l) and biomass (143 mg/m3) was formed by Pseudo-nitzschia 
delicatissima. 

• Assesment of ecological status of the ecosystem showed that most favourable 
environmental conditions were observed in the open Ukrainian shelf water (OW-UA). The 
worst category of ESC was noted in the Shelf-UA and in the Danube Region ("poor"). 
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II.1.5 Gaps 

• Comparability of data was negatively impacted by inequality of periods, frequency, 
habitats and sampling depth. 

• The results showed the need for implementation of unified hardware and techniques of 
microscopic processing of phytoplankton samples in the national laboratories, as well as 
the need to use a single list of formulas for calculating the volume of the cells, allowing to 
obtain comparable values of biomass. 

• In defining of the biodiversity there is a problem of the taxonomic identification of species 
of phytoplankton, associated with both the objective (equipment, soft ware) and 
subjective reasons (staff skills). 

• Data on the status of the phytoplankton communities were calculated without the use of 
common automated programmes, and were not in a shape to be put into the Black Sea 
Water Quality Database. 

• The main problem at the assessment of ecological status based on indicators of 
phytoplankton is the lack of rating scales and conversion factors for a number of water 
areas of the studied area.  

• The value of the regional environmental status assessment is diminished due to delay of 
data from NPMS RF survey that were not provided for the compilation and analysis at the 
time of writing this report. This assessment now can be done at full strengh. 

 

II.1.6 Recommendations 

• The high spatial and temporal variability of phytoplankton requires the development of 
principles and criteria, aimed at harmonising the frequency and scope of sampling. 

• Repetition of the interlaboratory comparison may contribute to the development of 
unified approaches for the processing of samples. 

• Development of the harmonised lists of species, obtained for different water areas may 
contribute to the reduction of the subjective factor in the taxonomic analysis. 

• Development of programmes for automatic calculation of phytoplankton indicators, 
systems for their analysis and storage in a single database with other components of 
biological and physico-chemical parameters of the marine environment, is necessary. 

• Further investigations are needed to correct the ESC rating scales for different 
phytoplankton indicators, taking into account the conditions of the Black Sea ecosystem 
for standard MFSD habitats. 

• It is necessary to increase the level of communication among EMBLAS project partners for 
the timely discussion of schemes of sampling of biological components, calculation, and 
analysis, presentation of data and exchange of information. 
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II.2.1 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).  

Black Sea investigations, carried out in 2016 within the EMBLAS II significantly differ from the 
research performed within the MISIS project conducted in 2013: 1) MISIS expedition was 
carried out on the same vessel; 2) researches covered a smaller area of the sea, but included 
all three districts, as referred to in the MSFD (coastal, shelf, open sea); 3) the expedition was 
carried out within  one week in July; 4) research stations were located in the same manner (on 
transects perpendicular to the coastline) within the waters of three countries; such 
arrangement of stations significantly simplified analysis; 5) total number of sampling horizons 
of the water column (75 horizons at the 18 stations) was significantly lower compared to the 
EMBLAS-II expeditions; the zooplankton sampling was carried out on 121 horizons of the 
water column at 41 stations during the expedition on RV "Mare Nigrum" (NPMS UA/GE and 
JOSS GE-UA). 

Studies of the Black Sea during the Joint Black Sea Surveys were carried out in the national 
waters of Georgia (NPMS GE), Ukraine (NPMS UA) and in the open sea (JOSS GE-UA). 
Collection of the samples in the open sea waters of the Russian Federation (JOSS RF) near 
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Gelendzhik was conducted during two days 29 and 30 May 2016 on RV “Impuls”. Stations were 
located on a 95-mile transect from the center of the sea to Caucasian coast near the town 
Gelendzhik (Figure II.2.1). Transect started from the station 116 located in the deep waters, 
the most probable position of the eastern cyclonic gyre (Ovchinnikov and Popov, 1987; 
Toderascu and Rusu, 2013). 12 stations were situated on the transect (Table II.2.1). CTD-
soundings, mesozooplankton and macrozooplankton net tows were fulfilled at all stations. 
Full ecosystem properties measurements (chemistry, bacteria, phytoplankton, chlorophyll, 
primary production) were conducted at 6 stations.  

The complexity of interpretation of the collected material was associated with a significant 
difference in the shelf width in Georgia and Ukraine. Evenly distributed stations on a wide and 
shallow shelf of Ukraine were given the opportunity to display the horizontal distribution of 
plankton. Samples of the extremely narrow shelf of Georgia provided for only limited 
possibilities of vertical distribution of studied parameters (Figure II.2.2.). In total, analyses 
were performed on 36 samples from 15 NPMS UA stations; 42 samples from 14 stations of 
NPMS GE and 43 samples from 12 stations collected within the JOSS GE-UA. 

A primary protocol for processing of the results in Excel format was used for the collection of 
the data since the dedicated Data Collecction Template for collection of zooplankton data is 
still under development. Howeever, the results provided by the Georgian mesozooplankton 
expert already included all parameters that are necessary to determine the quality of the 
marine environment in the terms of mesozooplankton status. 

 
Figure II.2.1. Distribution of research stations during expedition on RV “Impuls” in the JOSS 

RF (29-30.05.2016). 
Note. Black cycles – CTD and zooplankton tows; Green cycles – all measurements.  
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Table II.2.1. Summary of stations dates, coordinates and depths  

Stati
on 

Date  Time of 

CTD 
start 

Time of 
CTD 
end 

Latitude 
[degrees N] 

Longitude 
[degrees E] 

Sea 
bottom 

Secchi, 
m 

Chemistry, 

Microplankton 

Macroplankton 

Mesozooplankton* 

116 29 May 8:07 8:43 43.24866667 36.87033333 2160 11 + + 

117 29 May 12:10 12:31 43.45683333 37.04066667 2160 11   + 

118 29 May 15:20 15:52 43.628 37.18616667 2150 11             ++ 

119 29 May 18:29 18:51 43.80883333 37.34216667 2150  + 

120 29 May 20:40 21:16 43.95516667 37.457 2100  ++ 

121 29 May 23:56 0:22 44.1055 37.578 2020  + 

122 30 May 8:06 8:37 44.24183333 37.68983333 1929 8 ++ 

123 30 May 10:42 11:04 44.31983333 37.75516667 1879  + 

124 30 May 12:13 12:47 44.3835 37.81283333 1372 12 ++ 

125 30 May 15:20 15:49 44.44983333 37.881 1428  + 

126 30 May 17:14 17:49 44.49866667 37.91716667 1011 7 ++ 

127 30 May 19:27 19:35 44.54116667 37.954 53              +  

* These parameters were measured at these (+) stations 
 

II.2.2 Materials and methods 

II.2.2.1 Microzooplankton 

Processing of microzooplankton samples taken during "Mare Nigrum" expedition was carried 
out according to the protocols (Kurilov, Gavrilova, 2015; Gifford, Caron, 2000). Bouin’s fixed 
water samples (sample volume was 925 cm3) after delivery to the laboratory were 
concentrated by settling up to volume 2.6-5 cm3.   

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 combinations thereof, followed by recalculation in mg 
wet weight (density of organisms was equal to 1). Abundance and biomass microzooplankton 
recalculated per 1 m3. 
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Figure II.2.2. Distribution of sampling stations during the NPMS UA, NPMS GE and JOSS GE-
UA (17 May - 4 June 2016). 

 

Microzooplankton (bacteria) samples taking during “Impuls” expedition were collected by 
vertical series consisting from 6 sampling depths. The depths were chosen with idea 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 fulfilled before sampling. Estimation of the total 
number of microzooplankton (bacteria) was conducted by standard methods of 
epifluorescent microscopy (Sherr et al., 2001).  

Samples were collected in sterile plastic tubes and fixed with formaldehyde to the final 
concentration of 4 %. Then samples were kept in refrigerator at 6-8 0C. In a land laboratory 
samples were stained with universal fluorochrome acridine orange for enumeration of total 
number of bacteria. Stained samples were filtered through black Nucleopore filters 
(Whatman) with the pore size of 0.22 µm. The funnel Millipore (USA) with the diameter 25 
mm was used. The slides were examined under epifluorescence microscopes (JOSS: FLUOVAL, 
Germany; NPMS: LUMAM, Russia) with UV and blue light filter sets (Hauer et al. 2001). Final 
magnification was 1000.  

 

II.2.2.2 Mesozooplankton 

Mesozooplankton samples were collected by vertical plankton Juday net, 0.1 m2 mouth 
opening area, 150 µm mesh size, from 2 meters above the bottom or from the lower boundary 
of the oxic layer to the surface at discrete sampling layers. The length and angle of the wire 
were taken under consideration for calculation of the wire length to get the target horizon. 
Samples of meso- and macrozooplankton during “Impuls” expedition were collected on the 
100-mile transect from the centre of the eastern part of the sea to shelf area near town 
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Gelendzhik (see map of the cruises) at all twelve stations were conducted. Samples were 
collected by vertical series from depth of anoxic layer to surface.   

The samples were 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 100-150 cm3 before being divided into sub-samples. A 
Bogorov’s chamber was used for quantitative assessment (abundance and biomass 
calculation, using species individual weight) and qualitative (taxonomic structure) processing 
of sub- samples. The sub-samples were examined by using Stereoscopic Zoom Microscope. At 
least 100 organisms from each of three dominated species were counted in each sub-sample. 
The precision of calculated abundance for organisms of the first three groups, counted up to 
100 specimens, amounts to 20% (Alexandrov et al., 2014). Species were identified according 
to Morduhay-Boltovskoy (1968, 1969 and 1972). 

 

II.2.2.3 Macrozooplankton 

Samples in NPMS UA, JOSS and NPMS GE were collected by fish eggs vertical hole net of 
Bogorov-Rass construction (diameter 70 cm and mesh size 300 µm). At each station 
performed vertical sampling of the water column of 50 m depth to the surface with the double 
repetition. The volume of filtered water in all samples was according to the formula was 50.26 
m3. Gelatinous species (Aurelia aurita, Pleirobrachia pileus, Mnemiopsis leidyi, Beroe ovata) 
were measured, counted and recorded on board for size structure, abundance and biomass 
determination. Statistical analyses were performed by applying R Studio, Statistica 10 and 
PAST 3. Densities (ind·m−3) were calculated using filtered volume (m3) estimated by the 
flowmeter and the surface of the net opening. 

Macrozooplankton in JOSS RF was collected by short modification of Bogorov-Rass net 
(opening mouth 0,5 m-2, mesh size 500 µm). Ovae and small larvae M. leidyi and B. ovata, all 
specimens of Pleurobrachia pileus, planulae and ephyrae of scyphozoa have been preserved 
with 2 % formaldehyde. 

The determinant of ichthyoplankton biomass was carry out on the base of larvae and eggs 
length (Dekhnik, 1975). Entire sample volume was processed by direct counting in a Goryaev 
chamber; while the conducting of biomass conversion was based on 1 m3 of cylinder volume 
calculation according to a formula which was based on the radius (0.4 m) and the height 
(depth sampling) selection, considering the number of repetitions. In addition, a theoretical 
calculation of the volume and weight of the eggs was conducted using a special formula. Final 
data were served as a table.  

 

To calculate the volume and weight of the eggs the following formula was used:  

 V = 
𝜋 𝑋𝑌𝑍

6
, where X, Y, Z - are the length, height and width of the eggs.  

To calculate the volume and weight of larvae the following formula was used: 

  V = 
𝜋 𝑋𝑌𝑍

8
, where X, Y, Z - are the length, height and width of the larvae. 

 

The structure of zooplankton community has been analyzed in terms of taxonomic 
composition and key groups, total and average abundance and biomass. 
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II.2.3 Potential zooplankton indicators  

II.2.3.1 Microzooplankton 

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 require further study to be used in WQ assessments. 

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 analyse other 
communities of hydrobionts, including ciliates (Mazei, et al., 2002).  It is known that the 
biomass as conservative media information reacts slower to the environment changes, than 
abundance.  Stable mature communities are usually dominated by relatively large species with 
slow dynamics (K-strategists), whereas in disturbed communities in unstable environment are 
dominated by generally smaller forms with a high rate of reproduction, with capacity for 
colonisation, with high but volatile abundance (r-strategists). 

R. Margalef (1982) have shown that it is possible that small 'naked' species of ciliates belong 
to 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 is the 
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 
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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.2.2.). 

Table II.2.2. Distribution of W-index according to the 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 

 

II.2.3.2 Mesozooplankton 

Four mesozooplankton indicators have been used. They were tested in similar studies within 
the MISIS project (Moncheva, Boicenco, 2014). Good Environment Status (GEnS) thresholds 
based on long-term zooplankton data (1967-2006) available for c.Galata transect and 
reference period (1967-1973) were applied in Romania and Turkey waters.  

The proposed indicators were: 

Mesozooplankton biomass (mg·m-3) –  biomass is calculated using abundance of 
species/taxa present in mesozooplankton community and their individual weights. Proposed 
thresholds in summer are as follows: coastal (550-280 mg·m-3), shelf (300-130 mg·m-3) and 
open sea (150-50 mg·m-3).  

Biomass of copepods (%) - contribution of copepods biomass to total mesozooplankton 
biomass. Copepods are a key group contributes significantly to the diet of planktivorus fish 
(sprat and anchovy, partly horse mackerel), reflect composition of zooplankton community 
and food availability for zooplanktivorous fish. The GEnS boundary was estimated to be 42%. 

Noctiluca scintillans biomass (%) - contribution of N. scintillans biomass to total 
mesozooplankton biomass. Established threshold for good environmental status is % N.sci 
<30%. The threshold is relevant for three areas – coastal, shelf and open sea.  

Shannon-Weaver index (bit·ind-1) – reflects the number of species in a dataset, taking 
into account how evenly the basic entities (such as individuals) are distributed among species. 
So this index reflected total biodiversity of mesozooplankton. The boundary for good status 
was accepted 3 bit·ind-1 for coastal and shelf habitats, whereas 2.5 bit·ind-1 was for the open 
sea. The index is strictly area- specific and differentiation was required to avoid the risk of not 
achieving good status due to higher defined threshold.  

The GEnS (Good Environmental Status) as defined by the  MSFD  includes two-point rating 
scale: 1) GES - Good Environmental Status, 2) LES - Low Environmental Status. For these 
purposes, the thresholds were defined for the above cited indicators of mesozooplankton 
(Moncheva, Boicenco, 2014). In recent years, the majority of biological indicators, which are 
used to assess the quality of the marine environment, provide for a five-point rating scale 
according to the WFD. For zooplankton thresholds  such scale (Table II.2.3) have been 
developed for the coastal zone of the Black Sea (Stefanova et. al., 2016). This scale was also 
used for the preliminary analysis of the results from the Joint Black Sea Surveys. 
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Table II.2.3. Metrics and classification system for the coastal marine waters on the basis of 
zooplankton characteristics (ecological status according to the WFD) 

Season High Good Moderate Poor Bad 

Mesozooplankton biomass, mg.m-3 

Spring 400-300 300-150 150-70 70-10 <10(>400) 

Summer 900-600 600-350 350-200 200-40 <40(>900) 

Autumn 350-250 250-150 150-70 70-10 <10(>350) 

Noctiluca  scintillans biomass, mg.m-3 

All the year <50 50-250 250-500 500-2500 >2500 

Mnemiopsis leidyi biomass, g.m-3 

All the year 0 1-4 4-20 20-50 >50 

Shannon-Weaver index, ind.bit-1 

All the year >3.5 3.5-2.5 2.5-1.5 1.5-1 <1 

 

II.2.3.3 Macrozooplankton 

To assess the water quality by the state of macrozooplankton was used comb-jelly M. leidye 
biomass (see section “III Descriptor 2. Non-indigenous species”).  

II.2.4 Results and discussions 

II.2.4.1 Zooplankton abundance and biomass distribution 

II.2.4.1.1 Microzooplankton 

Microzooplankton in the studied areas was presented as ciliates, heterotrophic flagellates 
(dinoflagellates, euglenophytes and silikoflagellates), rotifers and metazoan larvae and eggs. 
Since the flagellar plankton are usually considered as part of the phytoplankton (see. 
"Phytoplankton" section), there will be a continued effort to review ciliates and metazoa 
component. 

 

Abundance.  

Microzooplankton abundance in the Ukrainian part ranged (NPMS UA) from 0.7- 0.8∙106 
ind∙m-3 (St. No. 9 and 5, respectively) up to 4.2-5.6∙106 ind∙m-3 (St. No. 15 and 13, respectively), 
that is, the maximum values were confined to the coastal zone (Figure II.2.3.). The average 
value for the region was (2.4 ± 0.4)∙106 ind∙m-3. In the Georgian part (NPMS GE) abundance 
ranged from 1.2∙106 (St. No. 5) to 6.9∙106 ind∙m-3 (St. No. 8), and an average of (2.9±0.4)∙106 
ind∙m-3 was higher than in the Ukrainian part. In the open sea, the average abundance was 
(2.3±0.2)∙106 ind∙m-3 with minimum values at stations No. 1, 2 and 23 (the abundance of (0.7-
0.9)∙106 ind∙m-3), and the maximum in the  St. No. 6-8, 10,12,16 and 20 (up to 4∙106 ind∙m-3 at 
St. No. 7). 
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Statistical analyze (ANOVA) showed that there are no significant differences in abundance 
between studied regions. However, non-parametric test (one-way ANOSIM) showed as weak 
difference between NPMS-UA and NPMS-GE (R = 0.499, p = 0.001), less than one between 
NPMS-UA and JOSS GE-UA (R = 0.401, p = 0.001) and barely between NPMS-GE and JOSS GE-
UA(R = 0.129, p = 0.031). 

 

 
Figure II.2.3. Abundance distribution of microzooplankton in the studied regions. 
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Biomass.  

Microzooplankton biomass in the Ukrainian part (NPMS UA) ranged from 11.0 mg∙m-3 (St. No. 
10) to 330.2 mg∙m-3 (St. No. 15), Relatively high rates were also recorded at St. No. 4 and St. 
No.  7, respectively 127.5 and 101.5 mg∙m-3 (Fig II.2.4). The average biomass value for the 
region was 88.1±18.9 mg∙m-3. In the Georgian part microzooplankton biomass varied from 
21.3 (St. No. 12) to 414.6 mg∙m-3 (St. No.  8), and an average (75.5±26.7 mg∙m-3) was lower 
than in the Ukrainian part. In the open sea, the average microzooplankton biomass, compared 
with shelf stations was much lower and amounted to 32.7 ± 4.4 mg∙m-3 with minimum values 
at St. No. 1, 3, 19 (biomass 7.4-9.5 mg∙m-3) and the maximum in the St. No. 15, 24 (66.1 and 
98.7 mg∙m-3, respectively). 

 

 
Figure II.2.4. Biomass distribution of microzooplankton in studied regions. 
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Statistical analysis (ANOVA) showed that there are no significant differences in biomass 
between studied regions, with the exception of the pair NPMS-UA – JOSS, where the 
difference was statistically significant (F = 11.89, p = 0.0015) (Fig II.2.5.).  

 
Figure II.2.5. Box-and-Whisker plot of comparative analysisof microzooplankton biomass. 

 

Non-parametric test (one-way ANOSIM) shows difference between NPMS-UA and NPMS-GE 
(R = 0.553, p = 0.001), between NPMS-UA and JOSS GE-UA (R = 0.547, p = 0.001) and also 
barely in lesser extent between NPMS-GE and JOSS GE-UA (R = 0.166, p = 0.009). 

 

Microzooplankton in JOSS RF.  

The object of microzooplankton investigation during JOSS RF was bacteria. From 20 to 40 fields 
of vision was examined (Figure II.2.6.). The total number of counted cells was not less than 
400. Linear dimensions of bacteria cells were measured taking into account the shape of the 
cell. Coefficient 1.6 was applied for cell biomass calculation in order to compensate the 
shrinking of the cells during fixation and staining (Sazhin et al., 1987). Wet biomass was 
converted to dry weight using coefficient 0.15. Dry weight was converted to carbon content 
with coefficient 0.5. 

 
Figure II.2.6. Vertical distribution of abundance (left) and biomass of bacterioplankton 

(right) along the 95-miles longitude transect in JOSS RF.  
Left sides on the panel - center of the sea, right sides - shelf.  

Upper X-axis shows number of stations; lower X-axis shows latitude. 
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On the 95-mile transect from the sea centre to Caucasian coast the total cell numbers were 
low varying from 0.08 to 0.37 × 106 cell·ml-1 (see Figure II.2.6, left). On the average for the 
water column cell numbers was equal to 0.22 × 106 cell·ml-1. Maximal values on stations (0.25 
- 0.3 × 106 cell·ml-1) were observed in the upper layer 0-20 m. Highest abundance was recorded 
in the sea center in the upper 10-m layer. 

The total bacterioplankton biomass varied from 1.34 to 3.77 mg C·m-3 averaging for the water 
column 3.1 mg C·m-3 (see Figure II.2.6, right). Typically, high values were observed in the upper 
part of the seasonal thermocline at depths from 10 to 20 m. Next layer with high biomass of 
bacterioplankton was located at a depths of 35-45 m, where the maximum in fluorescence of 
chlorophyll was registered along the whole transect.  

 

II.2.4.1.2 Mesozooplankton 

The fluctuation of abundance and biomass in the surface layer and in the thermocline to a 
depth of 60 m had a significant range on in the shelf of Georgia, Ukraine, and in the open sea. 

 

Abundance. 

Mesozooplankton metrics manifested huge variability in the study area, where the numerical 
abundance ranged from 72 (St. No.  25 JOSS GE-UA) to 12207 ind·m-3 on St. No. 23 JOSS GE-
UA. The values differed by a factor of 169. The maximum number of zooplankton (about 5800 
ind∙m-3) in the northwestern part of the Black Sea (NPMS UA) was found in the vicinity of the 
Danube Delta (St. No. 6) and St. No. 11 (Figure II.2.7.). The average number of 
mesozooplankton was maximum in the open sea water (2701±715 ind∙m-3). On the shelf of 
Georgia and Ukraine, the values were 1493±251 and 1865±29 ind∙m-3 respectively.  

 
                                      a                                                                           b 

Figure II.2.7. Distribution of mesozooplankton abundance (ind∙m-3) in the northwestern 
part of the Black Sea (NPMS UA) in the upper layer (a) and in the thermocline zone (b). 
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Biomass.  

Mesozooplankton biomass within upper layers of the water column to a depth of 60 m ranged 
from 1.69 (St. No. 1 JOSS GE-UA) to 949.27 mg∙m-3 (St. No. 23 JOSS GE-UA). The distribution 
of biomass was similar to that of abundance. Maximum biomass of mesozooplankton was 
found at the St. No.  23 in the open part of the Black Sea. The biomass of zooplankton in the 
surface layer of the northwestern part of the Black Sea was formed in a similar way as 
abundance under the influence of the Danube River flow, and the maximum was found at the 
St. No.  6 (Figure II.2.8). The average biomass of the surface layer during the investigated 
period was 110.48±38.248 mg∙m-3, whereas in the thermocline it was 61.44±38.248 mg∙m-3. 
Similarly, zooplankton biomass in the surface layer was 1.8 times higher than in the underlying 
layer. Statistical analysis (ANOVA) showed that there are significant differences in biomass 
between the studied regions (F = 4.44, p = 0.0196; Fig II.2.9.).   

 
                            a                                                                         b 

Figure II.2.8. Distribution of mesozooplankton biomass (mg∙m-3) in the upper layer: a- 
northwestern part of the Black Sea (NPMS UA), b- open sea area (JOSS GE-UA). 

 
Figure II.2.9. Box-Whiskers plots of comparative analysis of mesozooplankton biomass in 

the surface layer of the investigated regions. 

 

Mesozooplankton in JOSS RF.  

Mesozooplankton biomass (mg·m-3) was mean 566.88 (with a range 294-1067 mg·m-3) in the 
deep waters with low Noctiluca scintillans biomass, percent N. scintillans was mean 6, 76 
(range 3.04-25.1%) (Figure II.2.10). Mesozooplankton biomass was much lower in shelf 
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waters: mean 155.1 mg·m-3, whereas biomass N. scintillans comprised 74.1% of total biomass 
in shelf (st. 27 see Figure II.2.10) in June, which high. June is time for seasonal peak of N. 
scintillans development and reproduction, which explained its high biomass in shelf.  Proposed 
thresholds in summer are as follows: coastal (550-280 mg·m-3), shelf (300-130 mg·m-3) and 
open sea (150-50 mg·m-3). Established threshold for good environmental status is % N. 
scintillans < 30%. Thus we may conclude that in open sea mesozooplankton biomass and 
percent of Noctiluca scintillans corresponded to GES, whereas in shelf is not. 

Biomass of copepods (%) - contribution of copepods biomass to total mesozooplankton 
biomass comprised 40,8% in open sea, which is corresponded to GES whereas in shelf percent 
was only 22%.  The GES boundary was estimated to be 42%. 

Shannon-Weaver index (bit·ind-1) – reflects the number of species in a dataset, taking into 
account how evenly the basic entities (such as individuals) are distributed among species. So 
this index reflected total biodiversity of mesozooplankton. The boundary for good status was 
accepted 3 bit·ind-1 for coastal and shelf habitats, while 2.5 bit·ind-1 was for open sea. The 
index was low 0.07 in the open sea and 0.3 in shelf. These low values could be explained the 
time of cruise, which did not coincide with pick of mesozooplankton development and high 
species diversity in June (see Figure II.2.10.). 

  
Figure II.2.10. Mesozooplankton biomass and species composition in PF JOSS. 

 

II.2.4.1.3 Macrozooplankton 

Gelatinous plankton 

Macrozooplankton was present by 4 gelatinous species - Aurelia aurita, Pleirobrachia pileus, 
Mnemiopsis leidyi, Beroe ovate. All Diversity indexes showed low values because of low taxa 
numbers and abundance (Table II.2.4.). Shannon index varied from 0.229 up to 1.322 matching 
the “Poor” status (Table II.2.5.). 
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Table II.2.4. Gelatinous plankton abundance (N, ind·m−3) and biomass (B, mg·m−3) registered 
during expedition on RV “Mare Nigrum” (17.05-04.06.2016). 

Station 

Aurelia aurita Beroe ovata Mnemiopsis leidyi Pleurobrachia pileus 

N B N B N B N B 

NPMS UA1 0.76 2473 0.08 1 0 0 0 0 

NPMS UA10 1.23 1767 0 0 0.04 2 0.04 2 

NPMS UA11 0.08 398 0 0 0 0 0.44 43 

NPMS UA12 0.48 9165 0 0 0 0 0 0 

NPMS UA14 0.04 392 0 0 0.04 2 0 0 

NPMS UA15 0.52 8002 0 0 0 0 0 0 

NPMS UA2 0.24 2257 0 0 0 0 0 0 

NPMS UA3 0.92 1460 0 0 0 0 0 0 

NPMS UA4 0.72 1154 0 0 0 0 0 0 

NPMS UA5 0.40 1394 0.04 0 0 0 0 0 

NPMS UA6 0.88 2020 0.12 1 0 0 0 0 

NPMS UA7 0.48 1200 0 0 0 0 0 0 

NPMS UA8 0 0 0 0 0 0 0.44 25 

NPMS UA9 0.68 1667 0.12 1 0 0 0 0 

NPMS UA1 0.76 2473 0.08 1 0 0 0 0 

JOSS 1 0.04 285 0 0 0 0 1.04 102 

JOSS 10 0.20 651 0 0 0 0 0.88 69 

JOSS 12 0.20 5299 0 0 0.12 16 0.52 77 

JOSS 13 0.16 2589 0 0 0 0 0.32 42 

JOSS 16 0.28 24192 0 0 0 0 1.27 237 

JOSS 19 0.28 5609 0 0 0 0 0.72 100 

JOSS 21 0.64 12737 0 0 0 0 0.48 85 

JOSS 23 0.44 14761 0 0 0 0 0.04 5 

JOSS 24 1.47 9955 0 0 0.04 4 1.27 202 

JOSS 3 0.08 1146 0 0 0 0 0.76 101 

JOSS 4 0.36 6002 0 0 0 0 0 0 

JOSS 7 0.16 109 0 0 0 0 0.44 164 

NPMS GE 1 0.13 1817 0 0 0.11 5.97 0 0 

NPMS GE 2 0.12 1534 0 0 0.23 47.46 0 0 

NPMS GE 3 0.12 2717 0 0 0.02 11.22 0 0 

NPMS GE 4 0.01 90 0 0 0.07 5.08 0 0 

NPMS GE 5 0.11 908 0 0 0.13 23.45 0 0 

NPMS GE 6 0.28 2171 0 0 0.05 7.65 0 0 

NPMS GE 7 0.04 252 0 0 0.15 29.62 0 0 

NPMS GE 8 0.03 511 0 0 0.07 20.16 0 0 

NPMS GE 9 0.07 1333 0 0 0.19 19.98 0 0 

NPMS GE 10 0.05 136 0 0 0.27 36.65 0 0 

NPMS GE 11 0.27 3389 0 0 0.09 12.40 0 0 
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The highest biomass of macroplankton was observed on NPMS-UA: st. 12, 15 of part and on 
JOSS: st. 16 (Figure II.2.11.) due to adult stages of A. aurita. While the highest abundace was 
registered on JOSS st. 24 (2.8 ind·m−3) and NPMS UA st. 3 (0.92 ind·m−3) due to contribution 
of P. pileus and A. aurita respectively (Figure II.2.12.). 

 

 
a. NPMS UA 

 
b. JOSS 

Figure II.2.11. Spatial distribution of biomass (mg·m-3)  
on NPMS UA (a) and JOSS (b) stations. 
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a. 

 
b. 

 

Figure II.2.12. Spatial distribution of gelatinous abundance  
on NPMS UA (a) and JOSS (b) stations. 

 

Table II.2.5. Diversity indices of gelatinous macroplankton based on total abundance in 
sample.  

Stations T In Si Sh B M E F 

NPMS UA 1 2 21 0.172 0.454 0.255 0.328 0.454 0.5435 

NPMS UA 2 1 6 0   0 0   0.3426 

NPMS UA 3 1 23 0   0 0   0.2132 

NPMS UA 4 1 18 0   0 0   0.2283 

NPMS UA 5 2 11 0.165 0.439 0.218 0.417 0.439 0.7153 

NPMS UA 6 2 25 0.211 0.529 0.310 0.311 0.529 0.5116 

NPMS UA 7 1 12 0   0 0   0.2593 

NPMS UA 8 1 11 0   0 0   0.2673 

NPMS UA 9 2 20 0.255 0.610 0.352 0.334 0.610 0.5532 
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Stations T In Si Sh B M E F 

NPMS UA 10 3 33 0.116 0.390 0.211 0.572 0.246 0.8018 

NPMS UA 11 2 13 0.260 0.619 0.335 0.390 0.619 0.660 

NPMS UA 12 1 12 0   0 0   0.259 

NPMS UA 14 2 2 0.500 1.000 0.347 1.443 1.000 0 

NPMS UA 15 1 13 0   0 0   0.252 

JOSS 1 2 27 0.071 0.229 0.122 0.3034 0.229 0.499 

JOSS 3 2 21 0.172 0.454 0.255 0.3285 0.454 0.543 

JOSS 4 1 9 0   0 0   0.288 

JOSS 7 2 15 0.391 0.837 0.481 0.3693 0.837 0.620 

JOSS 10 2 27 0.302 0.691 0.418 0.3034 0.691 0.499 

JOSS 12 3 21 0.540 1.322 0.774 0.6569 0.834 0.958 

JOSS 13 2 12 0.444 0.918 0.517 0.4024 0.918 0.685 

JOSS 16 2 39 0.294 0.679 0.424 0.273 0.679 0.446 

JOSS 19 2 25 0.403 0.855 0.523 0.3107 0.855 0.512 

JOSS 21 2 28 0.490 0.985 0.615 0.3001 0.985 0.493 

JOSS 23 2 12 0.153 0.414 0.207 0.4024 0.414 0.685 

JOSS 24 3 70 0.511 1.090 0.708 0.4708 0.688 0.637 

Note. T- Taxa_S, In- Individuals, Si- Simpson_1- λ, Sh- Shannon_H log2, B- Brillouin, M- Margalef, E- Equitability_J, 
F- Fisher_ α 

 

Non-metric MDS, Bray-Curtis similarity analysis (Figure II.2.13.) based on abundance under 
sq.m showed 2 groups of station with different ratio of A.aurita and other species. The first 
group is mainly represented by JOSS stations with prevaluesence of Pleurobrachia pileus (40-
96% of total abundance of macrozooplancton). In other group dominated of A.aurita (up to 
100% of total macrozooplancton abundance). Pleurobrachia pileus had positive reliable 
correlation (Table II.2.6.) with salinity (r=0.478, p=0.014) and negative one with TP (r=-0.592, 
p=0.001). A.aurita had positive reliable correlation with SiO3 (r=0.478, p=0.013) (Table II.2.6.). 

 
Figure II.2.13. Non-metric MDS, Bray-Curtis similarity  

based on abundance under square meter. 
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Table II.2.6. The correlation coefficients of gelatinous zooplankton animals and abiotic factors  

Species Т, oС Salinity O2, % N total рН P total SiO3 

Aurelia aurita 

  

-0,0858 -0,3616 0,1374 -0,1488 0,2997 0,1642 0,4795 

p=0,677 p=0,070 p=0,503 p=0,468 p=0,137 p=0,423 p=0,013 

Beroe ovata 

  

-0,1598 -0,4118 0,1169 0,0729 0,2101 0,2945 0,2466 

p=0,435 p=0,037 p=0,570 p=0,724 p=0,303 p=0,144 p=0,225 

Mnemiopsis leidyi 

  

0,0085 0,0989 0,0096 0,3201 -0,0085 -0,2289 0,1327 

p=0,967 p=0,631 p=0,963 p=0,111 p=0,967 p=0,261 p=0,518 

Pleurobrachia pileus 

  

0,4828 0,4779 -0,2498 -0,3499 -0,2357 -0,5922 0,1712 

p=0,012 p=0,014 p=0,218 p=0,080 p=0,246 p=0,001 p=0,403 

Note. Red color – significant value 

 

The Scyphozoa Aurelia aurita was observed on almost all stations of NPMS UA and JOSS part 
of survey and was the main component in biomass structure (Figure II.2.14.). 

 

 
Figure II.2.14. The biomass structure and distribution of gelatinous macrozooplankton. 

 

The animals were presented in all life stages and ranged in sizes from 1 mm to 104 mm. The 
Aurelia aurita ephyra were found on stations 19 and 24 of JOSS survey (3 ind·m-3) by surface 
temperatures 20 and 21 oC) and on stations 8 and 9 of Ukrainian part of survey (2 ind·m-3) near 
NWBS and Zmeiny island regions (temperatures 16 and 15 oC). The most abundant were 
juvenile animals in size group 20-40 mm (Figure II.2.15.). 
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Figure II.2.15. The main size groups of Aurelia aurita. 

 

The biomass of Aurelia aurita is changing seasonally and is reported to reach maximum by the 
end of the summer or beginning of the autumn. The total biomass of A. aurita has increased 
with intensifying eutrophication of the Black Sea and reached to 1 million tons wet weight in 
the early 1960s (Shuskina & Musayeva 1983, Caddy & Griffiths 1990). The population size of 
A. aurita exploded in the late 1970s, making a peak at a total stock of 300-500 million tons in 
1980s. The peak biomass is equivalent to about 1.5 kg·m–2 of A. aurita (Mutlu et al. 1994, 
Kovalev & Piontkovski 1998). In our investigation the maximum biomass was reached on 16th 
Station of JOSS survey and was estimated as 1.2 kg·m-2 with dominance of adult animals with 
maximum average bell diameter of 104 mm (Figure II.2.16.).  

 

 
Figure II.2.16. The distribution of Aurelia aurita biomass. 
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Aurelia aurita is abundant above and around thermocline. It inhabits the same water layers as 
non-indigenous Ctenophore Mnemipsis leidyi and consumes the same planktonic food. The 
significant negative correlation (Shiganova et al. 1998) found (n=14, r=–0.80, p=0.005) 
between the amount of M. leidyi and the biomass of A. aurita indicates on a potential intense 
competition between these species.  

The most abundant ctenophore was Pleurobranchia pileus with maximum numbers equal to 
64 ind·m-2 on JOSS st. 16 and 24 while the respectively numbers for non-indigenous invasive 
ctenophore B. ovata and M.leidyi were 6 ind·m-2. According to the literature the amount of 
M.leidyi increases when the temperature is above >22 °C and the salinity is about 15 ‰ 
(Shiganova 1998; Purcell et al., 2001; Mihneva, 2011). The maximum abundance for B. ovata 
and M. leidyi are reported to be in July-August under favorable conditions. In our research the 
temperature of surface water was not favorable for high densities of M.leidyi. The maximum 
biomass of P. pileus was detected on station 16 of JOSS survey and was equal to 237 mg·m-3 
while the maximum biomass on NPMS UA part of survey was 43 mg·m-3 on st. 11. However, 
P. pileus was registered only on st. 8, 10 and 11 in Zernov’s Phyllophora Field and NWBS 
regions. B. ovata was present with juveniles of P. pileus and M. leidyi with adults (Figure 
II.2.17). The maximum biomass of B. ovata reached only 1 mg·m-3 on the few stations where 
the juvenile animals were detected (NPMS UA: st. 1, 6, 9). The highest biomass of M. leidyi 
was 16 mg·m-3 (JOSS: st. 12) with prevalence of adult animals. On the other stations the 
biomass of M. leidyi ranged between 2-4 mg·m-3 (JOSS: st. 24, NPMS UA: st. 10, 14). 

 

 
Figure II.2.17. Average length of Ctenophora. 

 

In north-eastern coast of Black Sea in Summer-autumn the abundance of M. leidyi is reaching 
its maximum values due to immense amount of juveniles, and biomass in this period drops. 
During the year the biomass ranges in interval 5-20 g·m-3 but in July-August it drops to 1-2.520 
g·m-3. Beroe appears in coastal waters only in August, in time when its prey is present in area 
but its biomass is 2-8 times lower than it other seasons of year (Luppova et al., 2011). One of 
the main factors affecting the fertility rate of Beroe (Arashkevich et al., 2000) is food sources 
abundance. B. ovata is widely known predator feeding on Ctenophores from order Lobata 
where M. leigyi belongs (Luppova, Arashkevich, Kasyan, 2011). 
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Gelatinous macrozooplankton in JOSS RF.  

In accordance with the conducted studies on JOSS RF, the following results were obtained 
(Figure II.2.18). In late June invasive ctenophores were represented only a few individuals of 
invader Mnemiopsis leidyi at one station (2 ind·m-3). Beroe ovata was absent yet in this season. 
However sciphomedusa Aurelia aurita was very abundant in absence its main competitor 
M.leidyi. Therefore in spite of low abundance of M.leidyi environmental status was not good. 

 

   
Figure II.2.18. Distribution of gelatinous plankton in RF JOSS along transect. 

 

Ichtyoplankton 

Attention is drawn to the fact that the sampling was carried out in May, while spawning of 
two most popular pelagophilic Black Sea fishes - sprat has already passed, and the anchovy 
(summer spawning) has not yet come. 

Totally during expedition on RV “Mare Nigrum” were found eggs and larvae of 8 fish species 
on the shelf of Georgia, Ukraine and the open sea areas. On st. 4 JOSS was caught the adult 
individual of the Syngnathus schmidti Popov, 1928, (Black Sea Pelagic Pipefish, Schmidt's 
Pipefish) (the IUCN Red List). Maximal biodiversity and aboundance of ichthyoplankton were 
faund on NPMS GE: st. 6 (Table II.2.7.). 

The greatest number of anchovy eggs were found on the Black Sea shelf NPMS GE and NPMS 
UA where their number ranged from 0.300 to 0.333 ind·m-3, and the biomass ranged from 
0.005 to 0.049 mg·m-3. At the same time they did not detect larvae at any station, and 
ichthyoplankton was not detected at all at the st. 10, 12, 13, 16, 21 and 25 (Figure II.2.19, 
II.2.20). 

Table II.2.7. Ichthyoplankton abundance (N) and biomass (B) registered during expedition 
on RV “Mare Nigrum” (17.05-04.06.2016). 

Stations Species N, ind·m-2 В, mg·m-2 

NPMS UA 1 Engraulis encracicolus ponticus 0.083 0.0067 

NPMS UA 2 Not registered   

NPMS UA 3 Not registered   

NPMS UA 4 Not registered   

NPMS UA 5 Engraulis encracicolus ponticus 0.260 0.0150 

NPMS UA 6 Engraulis encracicolus ponticus 0.230 0.0082 

NPMS UA 7 Not registered   



Scientific Report – Joint Black Sea Surveys 2016 

 

116  

Stations Species N, ind·m-2 В, mg·m-2 

NPMS UA 8 Not registered   

NPMS UA 9 Engraulis encracicolus ponticus 0.210 0.0122 

NPMS UA 10 Not registered   

NPMS UA 11 Engraulis encracicolus ponticus 0.083 0.0029 

NPMS UA 12 Engraulis encracicolus ponticus 0.300 0.0053 

NPMS UA 13 Not registered   

NPMS UA 14 Not registered   

NPMS UA 15 Not registered   

JOSS 1 Engraulis encracicolus ponticus 0.100 0.0070 

JOSS 3 Engraulis encracicolus ponticus 0.060 0.0004 

JOSS 4 Syngnathus schmidti 0.020 0.0116 

JOSS 7 Engraulis encracicolus ponticus 0.060 0.0004 

JOSS 10 Not registered   

JOSS 12 Not registered   

JOSS 13 Not registered   

JOSS 16 Not registered   

JOSS 19 Engraulis encracicolus ponticus 0.080 0.0056 

JOSS 21 Not registered   

JOSS 23 Engraulis encracicolus ponticus 0.080 0.0056 

JOSS 24 Engraulis encracicolus ponticus 0.100 0.0070 

JOSS 25 Not registered   

NPMS GE 1 Not registered   

NPMS GE 2 Mulus barbatus ponticus 0.033 0.0100 

NPMS GE 3 Engraulis encracicolus ponticus 0.033 0.0123 

Ophidion rochei 0.033 0.0089 

NPMS GE 4 Not registered   

NPMS GE 5 Not registered   

NPMS GE 6 Engraulis encracicolus ponticus 0.333 0.0491 

Ophidion rochei 0.067 0.0681 

Mulus barbatus ponticus 0.300 0.0964 

Sarda sarda 0.033 0.0301 

 Liza haematocheilus 0.333 0.1272 

NPMS GE 7 Engraulis encracicolus ponticus 0.067 0.0396 

Ctenolabrus rupestris 0.067 0.0068 

Mulus barbatus ponticus 0.133 0.0475 

Trachurus mediterraneus ponticus 0.022 0.0032 

NPMS GE 8 Mulus barbatus ponticus 0.033 0.0074 
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Figure II.2.19. Distribution of the ichthyoplankton number in JOSS. 
 

 
Figure II.2.20. Distribution of the ichthyoplankton mass in JOSS. 

 
In NWBS UA attended eggs and larvae of anchovy, however, their numbers were also low and 
ranged between 0,3 to 0, 083 ind·m-3 and biomass – from 0,015 to 0029 ind·m-3 (Figure II.2.21., 
II.2.22.).  
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Figure II.2.21. Distribution of the ichthyoplankton number in NPMS-UA. 
 

 
Figure II.2.22. Distribution of the ichthyoplankton mass in NPMS -UA. 
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II.2.4.2 Species diversity and taxonomic structure  

II.2.4.2.1 Microzooplankton 

In total, 64 taxa of microzooplankton was registered: 54 ciliates and 10 – rotifers and pelagic 
larvae of benthic invertebrates (see Annex). The majority of taxa (50) have been registered in 
the Ukrainian part whereas 35 taxa were determined in the open sea and the coast of Georgia. 
An evaluation of the dependence of the number of species from sampling efforts (No. of 
samples) showed that in the territorial waters of Ukraine (NPMS UA), in contrast to other 
areas, the species composition is not fully assessed (Figure II.2.23.). Indeed, the contribution 
to species richness is increasing due to the input of rivers. 

 
 

Figure II.2.23. Dependence the number of species from sampling efforts 
in the studied areas. 

 
The greatest similarity of the species composition calculated by Sorrensen index, was noted 
for the territorial waters of Georgia and the open sea – 68.6 %, the similarity between the 
Ukrainian part and the open sea and between the territorial waters of Georgia and Ukraine 
was 58.8 %, and 63.5 %, respectively. Species richness was usually higher in coastal waters – 
11.4 ± 1.0 and 11.1 ± 0.7 species per sample in Ukraine and Georgia, respectively, and 9.9 ± 
0.7 for the open sea part. 
 

II.2.4.2.2 Meso- and macrozooplankton 

In the mesozooplankton composition were found 43 taxa and species (Table II.2.8), and their 
total number was spread out on the shelfs of Georgia, Ukraine and in the open sea areas by 
approximately the same number (29-30 taxa and species). Investigated sea areas had different 
composition of mass organisms. Almost everywhere dominated Noctiluca scintilans, copepods 
Acartia clause, A. tonsa, Paracalanus parvus and Oithona davisae. On the shelf of Ukraine 
were added to these species Calanoida Centropages ponticus, Cladocera Pleopis 
poyphaemoides, larvae of Bivalvia and Polychaeta. On the shelf of Georgia were added to the 
widespread species Calanoida Centropages ponticus, Pseudocalanus elongatus, Calanus 
euxinus and Chaetognatha Parasagitta setosa. 

In macrozooplankton composition 1 species of Scyphozoa, 3 species of Ctenophora and 8 
species of fish were found. Totally 51 species were found in zooplankton community. Maximal 
diversity was registered on the Georgian shelf area (see Table II.2.8.). 
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Table II.2.8. Species composition of zooplankton in different Black Sea areas during RV 
“Mare Nigrum NPMS UA, NPMS GE and JOSS GE-UA” (May-June, 2016) 

NN Taxon (Species) NPMS UA NPMS GE JOSS 

 HOLOPLANKTON    

 Dinophyceae    

1 Noctiluca scintillans  Kofoid & Swezy, 1921 ++ ++ ++ 

 Hydrozoa    

2 Hydrozoa, planula + +  

 Scyphozoa    

3 Aurelia aurita (Linnaeus, 1758), ephyra ++ + ++ 

 Ctenophora    

4 Beroe ovata Bruguière, 1789  +   

5 Mnemiopsis leidyi (Agassiz, 1865), larvae + + + 

6 Pleubrachia pileus (O.F. Müller, 1776)  +  + 

 Rotatoria    

7 Keratella quadrata (Müller, 1786)  ++   

8 Synchaeta sp. ++   

 Cladocera    

9 Moina micrura Kurz, 1874 ++   

10 Penilia avirostris Dana, 1849    + 

11 Pleopis polyphaemoides (Leucart, 1859) ++ + + 

12 Pleopis tergestina (Claus, 1877)   +  

13 Podonevadne trigona (G.O. Sars, 1897)  ++ +  

 Copepoda    

14 Copepod g.sp., ova  +  

15 Copepod g.sp., nauplii ++ ++ ++ 

 Сalanoida  

16 Acartia clausi Giesbrecht, 1889  +++ ++++ +++ 

17 Acartia tonsa Dana, 1849  ++ ++ ++ 

18 Acartia sp. (clausi+tonsa)  ++ + + 

19 Calanipeda aquaedulcis (Kritczagin, 1873)  ++  

20 Calanus euxinus Hulsemann, 1991 ++ ++ ++ 

21 Centropages ponticus Karavaev, 1894 ++ ++ ++ 

22 Euritemora velox (Lilljeborg, 1853)    + 

23 Heterocope caspia Sars G.O., 1897  ++  + 

24 Paracalanus parvus (Claus, 1863) ++ ++ ++ 

25 Pseudocalanus elongatus (Boeck, 1865)  ++ ++ ++ 

 Cyclopoida    

26 Cyclopoida gen. sp. ++  + 

27 Oithona sp. ++ +  

28 Oithona davisae (Ferrari F.D. and Orsi, 1984) ++ ++ ++ 

29 Oithona similis Claus, 1866   +  

30 Oithona nana Giesbrecht, 1893   + 

31 Cyclopina gracilis Claus, 1863  ++   
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NN Taxon (Species) NPMS UA NPMS GE JOSS 

 Harpacticoida    

32 Harpacticoida, sp. +  + 

 Chaetognatha    

33 Parasagitta setosa (Müller,1847) + ++ + 

 Appendicularia    

34 Oikopleura (Vexillaria) dioica Fol, 1872  ++ ++ ++ 

 MEROPLANKTON    

35 Trohophora sp.  + + 

36 Polychaeta g. sp., larvae ++ ++ ++ 

37 Cirripedia, nauplii (Amphibalanus improvisus (Darwin, 1854))  ++ ++ + 

38 Misidae g. sp., larvae   + 

39 Decapoda g. sp., larvae  + + 

40 Bivalvia g. sp., larvae ++ ++ ++ 

41 Gastropoda g. sp., larvae ++ ++  

42 Ascidia g.sp., larvae   + 

43 Phoronis euxinicola, larvae  +  

44 Ctenolabrus rupestris (Linnaeus, 1758), ova + + ++ 

45 Engraulis encracicolus ponticus (Linnaeus, 1758), ova + + + 

46 Liza haematocheilus (Temminck & Schlegel, 1845), ova  +  

47 Mulus barbatus ponticus Essipov, 1927, ova  +  

48 Ophidion rochei Müller, 1845, ova  +  

49 Sarda sarda (Bloch, 1793), ova  +  

50 Trachurus mediterraneus ponticus (Steindachner, 1868), ova  +  

51 Syngnathus schmidti Popov, 1928, adult   + 

 TOTALLY 33 36 32 

 
Note. Color are marked the results of sample processing by different experts: red – National Environmental 
Agency of Fishery and Black Sea monitoring (Georgia), black – Institute of Marine Biology NASU, blue – Ukrainian 
Scientific Center of Ecology of the Sea (Ukraine), green – Odessa national university I.I. Mechnikov (Ukraine). 

 

II.2.4.3 Habitat ecological status according to candidate 
indicators 

II.2.4.3.1 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. The results have shown that the water quality by selected criteria (W-index) in 
most cases, corresponds to the "moderate" category, whereas the proportion of stations 
where the water quality is higher ("good") was markedly different for the studied areas (Figure 
II.2.24). In the Ukrainian part the share (NPMS UA) of such stations was 40 %, for Georgia 
(NPMS GE) was with share 28.6 %, whereas for the open sea (JOSS GE-UA) it was 13 % only 
(St. No. 2, 5, 24). So the best quality of the marine environment at the surface area in terms 
of microzooplankton state was found in the northwestern part of the Black Sea (NPMS UA; 

https://en.wikipedia.org/wiki/Franz_Steindachner
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Table. II.2.9). A comparison of visualization of W-index values by converting them to five 
categories of water quality status indicates, that proposed system for the assessment of the 
ecological status is rather rough (Figure II.2.25.). 

Table II.2.9. Habitat ecological status of the investigated regions according to 
microzooplankton (ciliates community). 

NPMSUA W WQ** NPMS-GE W* WQ** JOSS GE-
UA 

W* WQ** 

1 0,015 Moderate 1 -0,093 Moderate 1 0,158 Moderate 

2 0,105 Moderate 2 0,124 Moderate 2 0,483 Good 

3 0,319 Good 3 0,208 Good 3 0,067 Moderate 

4 0,236 Good 4 0,215 Good 4 0,135 Moderate 

5 0,305 Good 5 0,280 Good 5 0,230 Good 

6 -0,173 Moderate 6 0,192 Moderate 6 -0,034 Moderate 

7 0,131 Moderate 7 0,180 Moderate 7 -0,126 Moderate 

8 0,296 Good 8 0,022 Moderate 8 0,083 Moderate 

9 0,062 Moderate 9 0,196 Moderate 9 0,133 Moderate 

10 -0,135 Moderate 10 0,288 Good 10 0,133 Moderate 

11 0,220 Good 11 -0,069 Moderate 11 0,171 Moderate 

12 0,038 Moderate 12 0,055 Moderate 12 -0,169 Moderate 

13 -0,056 Moderate 13-14 0,157 Moderate 13 0,062 Moderate 

14 0,254 Good 15 0,116 Moderate 14 0,122 Moderate 

15 0,189 Moderate    15 0,101 Moderate 

      16 0,121 Moderate 

      19 -0,124 Moderate 

      20 0,055 Moderate 

      21 0,137 Moderate 

      22 0,054 Moderate 

      23 -0,008 Moderate 

      24 0,291 Good 

      25 0,146 Moderate 

*W- W-index of microzooplankton (see text),  
** WQ- water quality – ecological status according to WFD. 
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Figure II.2.24. Distribution of microzooplancton W-index calculated for ciliates community 

in the studied regions. 
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Figure II.2.25. Distribution of water quality Indicative assessment of the ecological status 
in the studied regions on the basis of microzooplankton indicator. 

 
The preliminary assessment of the ecological status based on microzooplankton indicates that 
25% of the investigated52 stations in the upper layer of the Black Sea are in "good" status, 
whereas 75% of the stations are in "moderate" status (see Table II.2.9) 
 

II.2.4.3.2 Mesozooplankton 

Preliminary analysis to study the sensitivity of different mesozooplankton indicators for 
assessment of ecological status of the studied areas has been carried out with data obtained 
from the shelf of Georgia. Here, the results from all stations have been provided with the 
required characteristics of plankton. Determination of water quality considering Mnemiopsis 
leidye has not been performed due to lack of data. Threshold values of mesozooplankton 
characteristics (indicators) are in Table II.2.3. Results in the Table II.2.10 clearly indicates that 
the total biomass of zooplankton has maximum sensitivity in comparison to the other 
indicators (Table II.2.10.). This characteristic has therefore for further analysis. 

Table II.2.10. Characteristics of the marine water quality (WQ) expressed as ecological status 
in the shelf zone of Georgia (NPMS GE) on the basis of different mesozooplankton indicators.  

Station No.                                                      B*,  
mg·m-3 WQ Noc*, mg·m-3 WQ 

Sh*,  
bit·ind-1 WQ 

Upper layer 

1 29,973 Poor 9 High 3,238 Good 

2 50,924 Poor 2 High 3,164 Good 

3 50,173 Poor 21 High 3,139 Good 

4 25,429 Poor 3 High 3,351 Good 

10 5,991 Bad 1 High 3,559 High 

11 7,478 Bad 0 High 2,864 Good 

12 31,789 Poor 7 High 3,045 Good 

13-14 82,109 Moderate 5 High 3,365 Good 

15 68,412 Poor 7 High 3,359 Good 
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Station No.                                                      B*,  
mg·m-3 WQ Noc*, mg·m-3 WQ 

Sh*,  
bit·ind-1 WQ 

Termocline layer 

1 20,328 Poor 9 High 3,267 Good 

2 260,521 Good 73 Good 1,971 Moderate 

4 54,822 Poor 41 High 2,875 Good 

10 140,769 Moderate 5 High 2,969 Good 

11 319,226 High 41 High 2,653 Good 

12 30,814 Poor 15 High 1,931 Moderate 

13-14 52,247 Poor 4 High 3,127 Good 

15 128,861 Moderate 5 High 3,162 Good 

* Mesozooplankton indicators: B- total biomass, Noc.- biomass of Noctiluca scintilans, Sh- 
Shennon-Weaver index. 
 
Describing the water quality (ecological status) on the basis  of the total mesozooplankton 
biomass all investigated areas can be arranged in the following sequence: open sea areas 
(JOSS GE-UA), the north-western shelf of the Black Sea (NPMS UA), Georgia shelf (NPMS GE) 
(Table II.2.11.). This distribution can be explained by the fact that at the time  when the Joint 
Black Sea Surveys took place at the sea got into the off-season Spring-Summer when 
mesozooplankton community structure is not established in qualitative and quantitative 
terms. In addition, the characteristics of the selected threshold values have been developed 
for the western half of the Black Sea and need further corrections and improvement.  
Establishment and testing of the regional status classification schemes should become one of 
the priorities of the EMBLAS-II project. 

 

The spatial distribution of areas assessed with the incidator based on plankton biomass 
showed that its maximum value, and therefore the best ecological status formed under the 
influence of the Danube discharge (Figure II.2.26.). 

Table II.2.11. Indicative habitat ecological status (water quality – WQ) according to the total 
biomass of mesozooplankon (B, mg·m-3)  in the surface ayer in the investigated regions. 

NPMS-
UA 

B WQ NPMS-
GE 

B WQ JOSS 
GE-UA 

B WQ 

1 8,73 Bad 1 29,97 Poor 1 25,60 Poor 

2 19,88 Poor 2 50,92 Poor 3 690,34 High 

3 29,22 Poor 3 50,17 Poor 7 131,31 Moderate 

4 41,25 Poor 4 25,43 Poor 10 28,50 Poor 

5 35,42 Poor 5 5,99 Bad 12 27,30 Poor 

6 109,34 Moderate 6 7,48 Bad 13 118,20 Moderate 

7 72,68 Moderate 7 31,79 Poor 16 76,20 Moderate 

8 77,23 Moderate 8 82,11 Moderate 19 85,80 Moderate 

9 35,08 Poor 9 68,41 Poor 21 897,05 High 

10 11,90 Poor 10 29,97 Poor 23 949,27 High 

11 56,17 Poor 11 50,92 Poor 24 38,10 Poor 

12 13,81 Poor 12 50,17 Poor 25 26,70 Poor 

13 8,49 Bad 13-14 25,43 Poor    

14 8,54 Bad 15 5,99 Bad    

15 2,90 Bad       
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                             a                                                                          b 

 
Figure II.2.26. Spatial distribution of areas assessed for their ecological status (WFD) using 

at mesozooplankton biomass in the surface layer of the Black Sea:  
a- northwestern shelf (NPM UA), b- open sea area. 

The ecological status expressed on the basis of mesozooplankton biomass indicates that out 
of the investigated 41 stations in the upper layer of the Black Sea 8% are in the “high” status, 
19% in the "moderate" status , 56% are in the “poor” status and 7% fall into the “bad” status 
category (see Table II.2.11.). 
 

II.2.5 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.2.6 Gaps  

• Non existing threshold values for mesozooplankton status indicators for the 
assessment of water quality in the Black Sea in different seasons of the year for 
Georgia, Russian Federation and Ukraine.  

• Optimal scheduling of marine expeditions for environmental monitoring, taking into 
account biological seasons in the Black Sea.  

• Need for development of integrated biological index for assessment of water 
quality. 

• Delimited the shelf habitat in inner and outer shelf. 

• No final agreement on the approach for determination of the ecological (WFD) and 
environmental (MSFD) status using zooplankton.  
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II.2.7 Recommendations 

• To provide regular monitoring of zooplankton community with relevant frequency 
(seasonal), including all components of plankton fauna - micro-, meso- and 
macrozooplankton.  

• Harmonisation of assessment methodologies, analytical techniques and reporting 
formats at the regional level.  

• Further development of guidelines, intercomparison exercises in  taxonomy and 
overall sampling/analysis methodology.  

• Increase the number of JOSS stations in Georgia sector for macrozooplankton 
investigations. 

• The best sampling time for ichthyoplankton investigation is summer-autumn period 
with water temperature 20-22 °C; during this period there is maximal species 
diversity. 
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II.3.1 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),  

• 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 
has been performed, at which occasion the macrozoobenthos samples were collected. 

 

II.3.2 Materials and methods 

II.3.2.1 Macrozoobenthos  

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 72 
samples taken in 26 stations. There were 31 samples taken in 15 coastal as well as shelf 
stations on the Ukrainian part (NPMS UA), and 41 samples in 11 stations on the Georgian part 
(NPMS GE) (Table II.3.1). 

The distribution of stations on depth intervals was as follow:  

• 10 - 20 m: UA - 6 stations;  

• 21 - 30 m: UA - 5 stations / GE - 3 stations;  

• 31 - 52 m: UA - 4 stations / GE - 4 stations;  

• 53 - 70 m: GE -  2 stations;  

• 71-110 m: GE – 3 stations. 

The macrozoobenthos sampling followed the protocol described by Todorova & Konsulova 
(2005).  Thus, all samples have been collected with a Van Veen grab with surface of 0.135 m2, 
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.  
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Table II.3.1. Number of macrozoobenthos samples processed by each institute in the two 
Pilot Monitoring Sites.   

Stations 
NPMS UA 

Depth 
NPMS GE 

Depth 
UkrSCES IMB GeoEcoMar IMB NEA 

1 1 1 28.6 1 1 3 42 

2 1 2 18.7 1 1 3 71 

3 1 1 16.5 1 1 1 22 

4 1 1 23.6 1 1 2 32 

5 1 1 20.4     

6 1 1 22.8 2 1 3 23 

7 1 1 20.5 1 1 1 65 

8 1 1 52 1 1 1 42 

9 1 1 42 1 1 1 84 

10 1 1 30.8 
1  1 105 

 1  71 

11 1 1 30.8 1 1 1 35 

12 1 1 16     

13 1 1 13 
1  1 28 

 1  62 

14 1 1 13.8     

15 1 1 18.9     

Total 
15 16  12 11 18  

31  41  

Note: In general, the sampling depths differed from those given in the Table from the Executive Summarry. This 
happened because of ship’s drift that resulted in timelaps between sampling performed by teams. Hence, the 
depths sampling in stations No. 10 and 13-14 of NPMS GE, where the anchorage was not possible, vary within a 
great distance range also due to bottom morphology (very steep slope of the bottom). 

Univariate and multivariate statistical analyses were performed on abundance and biomass 
datasets. Similarity pattern was examined (Clarke & Warwick 2001).  

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 biomass and abundance of each species has been used. To 
further investigate similarities and dissimilarities between clusters a SIMPER analysis (Clarke, 
1993) was conducted.  

The ecological status 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.  
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II.3.2.2 Meiobenthos  

Meiobenthos represents a distinct unit of benthic animals, with size varying from 32 µm to 1 
- 2 mm (Mokyevskij, 2009, 2015; Giere, 2009). Many groups of meiobenthic organisms lack a 
hard test (Turbellarians, Polychaetes, and Nemertean etc.) and poorly maintain total fixation. 
In the fixed sample the species identification is almost impossible, so the organisms are 
defined to higher taxa. Therefore, in the practice of monitoring studies meiobenthic organisms 
are usually defined to higher taxa. The meiobenthic community is rarely found in the absence 
of macrobenthic communities, except that living in very harsh conditions (low oxygen, very 
high or low temperatures, very polluted or disturbed environments) inappropriate for 
macrobenthos life.  

Samples were collected using a hand corer with the area of 0.002 m2 pushed into sediments 
up to 5 cm depth. Three to five subsamples from each corer were taken. At two stations of 
NPMS UA the samples were taken by Multicorer MARK II with 0.0075 m2 sampling area. The 
material was transferred to a series of benthic sieves with the mesh size of 1 mm, 0.5 mm, 
and 32 μm respectively. For washing filtered sea water (through 40 μm gauze) was gently 
poured over the samples. The samples were fixed with 4% formaldehyde buffered with sea 
water and subsequently stained with a mixed solution of 10 ml of pure ethanol and 0.1 g of 
"Rose Bengal" (3 drops per 100 ml of sample) prepared in advance. The samples were 
transferred to the laboratory for identification and quantification. The taxonomic analysis was 
carried out at the microscope “MBS-10” with maximum magnification of 100x. 

Overall, 70 samples of meiobenthos were taken during the National Pilot Monitoring Studies, 
of which 30 samples on the Ukrainian shelf, 30 on the Georgian shelf and 10 within the Kerch 
Strait. The habitats for meiobenthos sampling points were considered the same as for 
macrozoobenthos ones, due to the fact that the depths sampled coincided with the 
macrobenthos collecting sites (Table II.3.2.). 

Table II.3.2. Number of meiobenthos samples processed by each institute in the two Pilot 
Monitoring Sites.  

Stations 
NPMS UA 

Depth 
NPMS GE 

Depth 
Kerch Strait 

Depth 
UkrSCES IMB UkrSCES IMB SOI 

1 1  28.6 1 1 42 1 10 

2 1 1 18.7 1 1 71 1 9.5 

3 1 1 16.5 1 1 22   

4 1 1 23.6 1 1 32 1 6.5 

5 1 1 20.4      

6 1 1 22.8 1 1 23 1 4 

7 2 2 20.5 1 1 65 1 6.8 

8 1 1 50 1 1 42 1 3.5 

9 1 1 42 1 1 84 1 6 

10 1 1 30.8 1 1 42 1 7 

11 1 1 30.8 1 1 38   

12 1 1 16    1 6.5 

13 1 1 13 1 1 62   

14 1 1 13.8      

15 1 1 18.9      

19       1 16 

Total 
16 15  11 11  10  

31  22  10  
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II.3.3 Results and discussion 

II.3.3.1 Description of benthic habitats  

Within the EMBLAS-II project we aimed to assess the ecological state 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. 

Nine benthic habitats have been found in the study area (Ukrainian and Georgian waters) 
based on samples analysis:  

• Infralittoral sand with Chamelea gallina and Lucinella divaricata; 

• Infralittoral muddy sand with burrowing thalassinidae; 

• Infralittoral Mytilus galloprovincialis biogenic reefs;  

• Circalittoral terigenous mud and muddy sand with burrowing thalassinidae species 

Upogebia pusilla/Pestarella candida; 

• Circalittoral terigenous mud with Melinna palmata;  

• Shallow circalittoral shelly organogenic sand with Mytilus biogenic reefs and 
filamentous/folious algae;  

• Shallow circalittoral mud and organogenic sandy mud with Gouldia minima, Pitar 
rudis, Aricidea claudiae;  

• Deep circalittoral mud with Terebellides stroemi; 

• Deep circalittoral mixed sediments with Modiolula phaseolina. 

As a result of specific features of the analysed areas, the assessment of benthic ecological 
status has been performed which differentiated on each of the two regions. 

 

II.3.3.1.1 Ukrainian region of the Black Sea (NPMS UA) 

The Bray Curtis similarity analysis on the presence/absence data differentiated five types of 
communities, typical of infralittoral and shallow circalittoral. Due to mixed macrozoobenthos 
fauna composition, originating from nearby habitats, the cluster formed of stations Nos. 11, 
12 and 13 resembled less than 45% similarity, thus not rendering a proper selection of a 
certain type of habitat. Therefore, we called the habitat corresponding to this group 
„Transitional infralittoral to shallow circalittoral”  (Figure II.3.1.).  

http://www.emodnet-seabedhabitats.eu/
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Figure II.3.1. Bray Curtis similarity of macrozoobenthos based on presence/absence data 
within the Ukrainian region of the Black Sea. The similarity groups of stations are classified 

according to the EUNIS  habitats classification under the MSFD. 
(A - Circalittoral terigenous mud with Melinna palmata; B - Shallow circalittoral shelly organogenic sand with 
Mytilus biogenic reefs and filamentous/folious algae; C - Infralittoral muddy sand with burrowing thalassinidae; 
D - Infralittoral Mytilus galloprovincialis biogenic reefs; E - Infralittoral sand with Chamelea gallina; F - Transitional 
infralittoral to shallow circalittoral habitats). 

 
Discrimination of habitats using environmental variables as principal components in the PCA 
diagram envinced also the types of habitats differentiated using Bray - Curtis analysis based 
on presence-absence transformed data. The substrate type exerted the greatest influence 
upon the communities, being revealed four main groups: mud (group A), sand (group E), shell 
debris from infralittoral (group D), shell debris from shallow circalittoral (group B) (Figure 
II.3.2.). 

 
Figure II.3.2. Relationship between dominant benthic species (31) and environmental 

parameters. 
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II.3.3.1.2 Georgian region of the Black Sea (NPMS GE) 

In order to define and assess the status of benthic habitats 41 samples from 12 stations have 
been analysed. The ship’s anchorage at the St. No. 13 was impossible because of the steep 
bathymetric gradient and strong currents, which made for the samples to be collected by the 
three teams at different depths and therefore to be treated as belonging to different habitats 
(St. No. 13GE - GeoEcoMar, NEA and St. No. 13Ukr - IMB). 

The Bray Curtis similarity analysis on the square root transformed biomass data differentiated 
five types of communities: Infralittoral sand sediments with Chamelea and Lucinella; 
Circalittoral terigenous mud and muddy sand with burrowing thalassinidae species; Shallow 
circalittoral mud and organogenic sandy mud with Gouldia, Pitar, Aricidea; Deep circalittoral 
mud with Terebellides stroemi and Deep circalittoral mixed sediments with Modiolula 
phaseolina (Figure II.3.3.). 

The samples clustered in A and E belonging to circalittoral showed the highest similarity (about 
50%) including communities dwelling on shelly mud and muddy sediments rich in vegetal 
detritus. 

 

  
Figure II.3.3. Bray Curtis similarity of macrozoobenthos based on square root biomass data 
within the Georgian region of the Black Sea. The similarity groups of stations are classified 

according to the EUNIS  habitats classification under the MSFD. 
(A - Deep circalittoral mixed sediments with Modiolula phaseolina; B - Deep circalittoral mud with Terebellides 
stroemi; C - Circalittoral terigenous mud and muddy sand with burrowing thalassinidae species Upogebia 
pusilla/Pestarella candida; D - Infralitoral sand with Chamelea gallina and Lucinella divaricata; E - Shallow 
circalittoral mud and organogenic sandy mud with Gouldia minima, Pitar rudis and Aricidea claudiae). 
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II.3.3.2 Assessment of ecological status based on 
macrozoobenthos 

II.3.3.2.1 Ukrainian region 

105 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 9 to 44. The Whittaker’s beta-diversity index was 3.28. 

The most frequent taxa were Nephtys hombergii (F=97%), Heteromastus filiformis (F=81%), 
Prionospio multibranchiata (F=68%), Nemertea g.spp. (F=68%), Mytilus galloprovincialis 
(F=65%), Harmothoe imbricata (F=65%), Harmothoe impar (F=61%), Dipolydora quadrilobata 
(F=55%), Tubificidae g.spp. (F=55%), Ampelisca diadema (F=52%), Melinna palmata (F=52%), 
Spio decoratus (F=52%) and Platyhelminthes g.spp. (F=52%). During the investigation four red 
list species of Decapoda were found - Pestarella candida (P=32%), Liocarcinus navigator 
(F=25%), Carcinus aestuarii (F=13%) and Pilumnus hirtellus (F=7%). 

Distribution of mean abundance and biomass mirrors the habitat type and also the bionomic 
zone. The infra- and shallow circalittoral stations (St. Nos. 2, 5, 12, 14) are characterised 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 (Figure II.3.4). These habittas confer a high spatial complexity of niches 
proper to an increased diversity and growth (mass production) (Figure II.3.5).   

The greatest diversity (number of species), numerical abundance and biomass have been 
recorded in the habitats Mytilus galloprovincialis biogenic reefs, sand with Chamelea gallina 
and muddy sand with burrowing thalassinidae species (Figure II.3.6). 

 
Figure II.3.4. Distribution of average densities of macrozoobenthos on the Ukrainian shelf.  
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Figure II.3.5. Distribution of average biomass of macrozoobenthos on the Ukrainian shelf. 

 

 
Figure II.3.6. Distribution of number of species, average density and biomass in the 

stations from Ukranian region. 
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As shown in Figure II.3.7, it is worth noting the greatest number of species (102 taxa) 
associated with the station No. 2. A bias induced by the higher sampling effort (15 samples) 
should be remarked. However, the habitat itself is very rich (mussels banks). Probably, a 
statistical method for sampling effort quantification should be employed and a confidence 
level assessed when sampling strategy is designed for different types of habitats. As for 
example, the stations Nos. 15, 1, 6, 7 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. As is seen in the Figures, the general trend of species richness distribution 
as moving deeper is decreasing.  

 
 

Figure II.3.7. Distribution of number of macrozoobenthic species on the Ukrainian shelf. 
 

II.3.3.2.2 Georgian region 

There were 98 macrobenthic taxa identified, most of them down to species level (excepting 
Nemertea indet., and Oligochaeta indet. considered just to the higher taxonomic level), 
pertaining to Porifera (1), Anthozoa (6), Turbellaria (1), Nemertea (3), Polychaeta (30), 
Phoronida (1), Gastropoda (12), Bivalvia (18), Bryozoa (2), Amphipoda (8), Cumacea (3), 
Mysida (1), Isopoda (1), Decapoda (3), Echinodermata (3) and Tunicata (2). The number of 
species per sample varied from 6 to 49. Whittaker’s beta-diversity index was 2.38.  
The highest frequency in the samples (over 50%) was given by 14 species: polychaets Aricidea 
claudiae (F=92%), Heteromastus filiformis (F=92%), Prionospio multibranchiata (F=92%), 
Oriopsis armandi (F=83%), Nemertea g.spp. (F=83%), Oligochaeta g.spp. (F=83%), Nephtys 
hombergii (75%), Phyllodoce mucosa (F=75%), Gouldia minima, Pitar rudis, Abra nitida, 
Carinina heterosoma, Micronephtys stammeri, Ampelisca sarsi, the latter with 67% frequency. 
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The pattern of mean abundances and biomasses distribution on the Georgian shelf unravels 
the habitat types and benthic level. Thus, in the shallow circalittoral where mud and/or sandy 
mud substrate with important vegetal detritus within represents the main biotope there were 
found typical communities of mollusks (Gouldia, Pitar) and of polychaet Aricidea claudiae, 
which dominate as density as well as biomass (St. Nos. 1, 4, 8, 11) (Figure II.3.8.).   
 

 

 
Figure II.3.8. Distribution of average densities and biomass of macrozoobenthos  

on the Georgian shelf. 
 

As seen in the Figures II.3.9. and II.3.10., the highest species richness of 49 and 45 in St. No. 1 
and 8, respectively, were confined to abovementioned habitat (Shallow circalittoral mud and 
organogenic sandy mud with Gouldia, Pitar, Aricidea). 
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Figure II.3.9. Distribution of species richness, average density and biomass in stations from 

the Georgian region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure II.3.10. Distribution of number of 
macrozoobenthic species on the 
Georgian shelf.  
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II.3.3.2.3 Ukrainian region 

Descriptor 1 

1.4. Habitat distribution 

Infralittoral sand with Chamelea gallina. Between 16 and 24 m on sandy substrate mixed 
with shells, representative for distribution of this habitat were stations No. 3 and 4. The latter 
was situated at the lower limit of habitat distribution.  

The habitat Infralittoral muddy sand with burrowing thalassinidae was met in stations No. 5 
and 7, in the vicinity of the Danube mouth (Ukrainian region) up to 20 m depth.  

Infralittoral Mytilus galloprovincialis biogenic reefs is situated between 13 - 19 m depth, on 
substrate formed of shells debris mixed with sand or mud. 

Circalittoral terigenous mud with Melinna palmata in the investigated area was distributed 
between 19 - 29 m depth. The substrate is represented by mud with a clay content of 59 - 
72.5%. 

The habitat Shallow circalittoral shelly organogenic sand with Mytilus biogenic reefs and 
filamentous/folious algae found in stations No. 9 and 10, falling within the Phyllophora Field 
and in the station No. 8, situated in proximity of the field. Bathymetric distribution range of 
this habitat was 31 - 52 m. 

Transitional infralittoral to shallow circalittoral habitats - the stations No. 11, 12 and 13. The 
benthic fauna found in the station No. 11 (30 m depth) is represented by species characteristic 
both for the Circalittoral terigenous mud with Melinna palmata and Shallow circalittoral 
shelly organogenic sand with Mytilus biogenic reefs and filamentous/folious algae. The 
communities from station No. 12 (16 m depth), were constituted of mixed populations of 
species belonging to Infralittoral sand with Chamelea gallina as well as to Circalittoral 
terigenous mud with Melinna palmata.  

 
1.6. Habitat condition 

1.6.1 Species status and communities  

Infralittoral sand with Chamelea gallina. Total species number found in community was 35, 
among them Polychaeta - 14, Phoronida - 1, Gastropoda - 1, Bivalvia - 6, Cirripedia - 1, 
Amphipoda - 3, Cumacea - 2, Mysida - 2, Tanaidacea - 1 and Decapoda - 1. Their total average 
abundance and biomass reached 2,522 ind.m-2 and 353 g.m-2, respectively. About 80% of 
biomass was given by bivalves - Chamelea gallina, Spisula subtruncata and Anadara 
kagoshimensis. Polychaetes made up about 74% of community abundance. Most abundant 
and characteristic species were Chamelea gallina - sensitive to organic matter enrichment, 
polichaets Spio decoratus, Prionospio multibranchiata and Pygospio elegans.  

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.3.). 

Table II.3.3. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
collected in Infralittoral sand with Chamelea gallina habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species Average Density (ind.m-2) Average Biomass (g.m-2) Average Size (mm) 

Chamelea gallina 160 148 10-16 

Spisula subtruncata 115 123 16-20 

Spio decorates 928 3.4  

Pygospio elegans 331 0.25  

Prionospio multibranchiata 235 0.13  
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Infralittoral muddy sand with burrowing thalassinidae. A total of 31 taxa belonging to 10 
systematic groups were found in the assemblages (Anthozoa - 1, Polychaeta - 16, Gastropoda 
- 1, Bivalvia - 2, Cirripedia - 1, Amphipoda - 2, Cumacea - 1, Decapoda - 5). The mean abundance 
of the benthic populations was 2,946 indv.m-2 and 45 g.m-2 as biomass. 

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.4.). 

Table II.3.4. Indicators for Criteria 1.2.1 calculated on the basis of the samples collected in 
Infralittoral muddy sand with burrowing thalassinidae habitat. 

Indicators MSFD D1 1.2.1 1.2.1 

Dominant species Average Density (ind.m-2) Average Biomass (g.m-2) 

Pestarella candida 11.5 39 

Athanas nitescens 32.7 1 

 

Infralittoral Mytilus galloprovincialis biogenic reefs. The benthic assemblages within this 
habitat have been represented by 60 taxa, in majority (40%) belonging to Polychaeta. 
Anthozoa contributed with 1 species, Polychaeta - 24, Gastropoda - 4, Bivalvia - 11, Cirripedia 
- 1, Amphipoda - 7, Cumacea - 2, Isopoda - 1 and Decapoda - 6. Polychaeta and bivalves 
reached the highest abundance in community. The mean abundance of the macrozoobenthic 
populations was 11,364 indv.m-2 and 2,710 g.m-2 biomass, respectively. Dominant species 
Mytilus galloprovincialis had 2,877±932 ind.m-2 and 2,492±332 g.m-2. Major role in abundance 
played small polychaete Prionospio multibranchiata (3,397±504 ind.m-2) and Heteromastus 
filiformis (1,602±237 ind.m-2), of which biomass summed up 3.7 g.m-2 (Table II.3.5.). 

Table II.3.5. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
collected in Infralittoral Mytilus galloprovincialis biogenic reefs habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Mytilus galloprovincialis 2,877 2,492 25-35 

Mytilaster lineatus 738 73.0  

Prionospio multibranchiata 3,397 2.39  

Heteromastus filiformis 1,602 1.40  

Pholoe inornate 446 0.36  

Lagis koreni 284 12.70  

Amphibalanus improvisus 148 12.67  

 

Circalittoral terigenous mud with Melinna palmata. There were 26 species found (24.7% of 
total species), among them Cnidaria - 3, Phoronida - 1, Polychaeta - 4, Gastropoda - 3, Bivalvia 
- 9, Amphipoda - 1, Decapoda - 3. Average abundance and biomass of community recorded: 
1,836±310 ind.m-2 and 301±120 g.m-2. The greatest abundances recorded polychaetes and 
bivalves. Melinna palmata made up about 60% of total abundance and only 10% of biomass. 
Spisula subtruncata (62±31 g.m-2) was abundant at stations 1 and 15, and had low number at 
St.6 where Mya arenaria dominated by biomass (up to 300 g.m-2). Nephtys hombergii was 
subdominant species attaining 10-15% of total abundance. 

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.6.). 
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Table II.3.6. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
collected in Circalittoral terigenous mud with Melinna palmata habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Melinna palmata 1,236 30.65  

Nephtys hombergii 242 6.28  

Abra nitida 125 4.38  

Spisula subtruncata 58 62.29 12-14 

 

Shallow circalittoral shelly organogenic sand with Mytilus biogenic reefs and 
filamentous/folious algae. 34 taxa belonging to 11 systematic groups were found in the 
assemblages (Polychaeta - 13, Bivalvia - 2, Amphipoda - 9, Isopoda - 1, Cumacea - 1, Mysida - 
1, Tanaidacea - 1, Echinodermata - 1, Tunicata - 2). The mean abundance of the benthic 
populations was 911 indv.m-2 and 231.6 g.m-2 as biomass. Polychaeta made up 59% of total 
abundance, out of which Prionospio multibranchiata covered 30%. Mytilus galloprovincialis 
was the second ranked taxon after abundance and the first one after biomass, being the 
characteristic species of the habitat. Accompanying species in the same habitat are: Caprella 
acanthifera, Phtisica marina, Ascidiella aspersa, Ciona intestinalis, Amphiura stepanovi (Table 
II.3.7.). 

Table II.3.7. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
collected in Shallow circalittoral shelly organogenic sand with Mytilus biogenic reefs and 
filamentous/folious algae habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species Average Density (ind.m-2) Average Biomass (g.m-2) Average Size (mm) 

Mytilus galloprovincialis 149 171 20-30 

Prionospio multibranchiata 163 0.2  

Caprella acanthifera 12 0.02  

Phtisica marina 12 0.02  

Ascidiella aspersa 13 52  

Ciona intestinalis 12 22  

Amphiura stepanovi 63 1  

 

Descriptor 6 

6.2 Condition of benthic community 

6.2.2 Multi-metric indices 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 the 
WFD and MSFD (Table II.3.8.).  

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. 

The AMBI has been used also for the determination of the ecological quality status within the 
context of the European Water Framework Directive. This index was used for the 
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determination of the ecological quality status, 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) (Figure II.3.11.).  

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 
 

 
Figure II.3.11. 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. 
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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 with Chamelea gallina, Infralittoral Mytilus galloprovincialis biogenic reefs, Shallow 
circalittoral shelly organogenic sand with Mytilus biogenic reefs and filamentous/folious algae 
and Transitional infralittoral to shallow circalittoral habitats), hence they do meet the MSFD 
requirements for achieving good environmental status with respect to the macrozoobenthos 
(Table II.3.9 and Figure II.3.12).  

Two benthic habitat (Infralittoral muddy sand with burrowing thalassinidae and Circalittoral 
terigenous mud with Melinna palmata) 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. Therefore these habitats can not be considered in not GES but rather as a mirror of 
the natural state of the area.       

Table II.3.8. Ecological status classification system based on diversity and biotic indices of 
macrozoobenthos at Ukrainian part. 

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 

Infralittoral muddy sand 
with burrowing 
thalassinidae species 

S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Infralittoral Mytilus 
galloprovincialis biogenic 
reefs 

S (expert 
judgment) 

 ≥ 55    < 12 

H’ (expert 
judgment) 

≥ 4 3.1-4 2.2-3.1 2.3-2.2 < 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 

Shallow circalittoral shelly 
organogenic sand with 
Mytilus biogenic reefs and 
filamentous/folious 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 

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 

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. 
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Table II.3.9. Ecological status (ES) of macrozoobenthos in the Ukrainian region of the Black 
Sea according to average diversity and biotic indices. 

Benthic habitats Stations Depth, m S H` AMBI M-AMBI Overall ES 
MSFD 

Ecological 
status 

Infralittoral sand with 
Chamelea 

St.3  16.5 23 3.25 2.97 0.63 Good 
GES/Good 

St.4  23.6 28 2.84 2.85 0.64 Good 

Infralittoral muddy sand 
with burrowing 
thalassinidae species 

St.5  20.4 24 3.37 3.82 0.58 Good Non – 
GES/ 

Not good 
St.7  20.5 20 2.05 4.40 0.41 Moderate 

Infralittoral Mytilus 
galloprovincialis biogenic 
reefs 

St.2  18.7 52 3.17 3.89 0.72 Good 
GES - good 

St.14  13.8 41 2.94 2.96 0.70 Good 

Circalittoral terigenous mud 
with Melinna palmata 

St.1  28.6 12 1.31 2.60 0.46 Moderate Non – 
GES/ 

Not good 
St.6  22.8 18 1.48 2.64 0.53 Moderate 

St.15  18.9 14 2.37 1.91 0.64 Good 

Shallow circalittoral shelly 
organogenic sand with 
Mytilus biogenic reefs and 
filamentous/folious algae 

St.8  52 18 3.48 2.12 0.64 Good 
GES/Good

* 
St.9  42 20 3.30 3.42 0.55 Moderate 

St.10  30.8 24 4.14 2.11 0.73 Good 

Transitional infralittoral to 
shallow circalittoral habitats 

St.11  30.8 30 3.74 1.98 0.92 High 

GES/Good St.12  16 27 2.13 2.57 0.72 Good 

St.13  13 24 3.85 2.92 0.79 Good 

* 

 
Figure II.3.12. Ecological status (ES) of benthic habitats in the Ukrainian region  

according to AMBI and M-AMBI. 



Scientific Report – Joint Black Sea Surveys 2016 

 

148  

 

The graphical representation of values of multimetric indices on each station differs between 
AMBI and M-AMBI due to the 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: 
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 Danube or Georgian rivers example, the opportunistic and tolerant species will 
dominate as abundance as well as biomass (these species are called also indicator species 
because they reflect the environmental conditions). Species like Melinna palmata (EG - III) and 
Heteromastus filiformis (EG - IV) living on muddy substrate of terrigenous origin are good 
example for this type of habitat.  

Hence, in station No. 2, the moderate quality status based on AMBI’s assessment is due to 
dominance in proportion of 58% and a density of 12,860 indv.m-2 of polychaets Prionospio 
multibranchiata (EG - III) and H.filiformis and in proportion of 13% and 1,665 indv.m-2 of 
Mytilus galloprovincialis (EG - III).  

Likewise, in station No. 9 there is observed the numerical dominance of P.multibranchiata 
(30%) and M.galloprovincialis (20%). 

Within sandy infralittoral (St. No. 5) the tolerant species P.multibranchiata with Spio decoratus 
(EG - III) and M.galloprovincialis are the dominat ones.  

At the Danube’s mouth (St. No. 7) the bad ecological status is also reflected by numerical 
dominance of H.filiformis (59%) and Polydora cornuta (20%, EG - IV) amounting to a total of 
79% out of 3,386 indv.m-2 (Figure II.3.13).     

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. 

 
Figure II.3.13. Distribution map of AMBI values and ecological status of habitats  

on the Ukrainian shelf. 
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The M-AMBI representation on the map shows more acurrate the quality status found in 
stations Nos. 1 and 6, where Melinna dominated in proportion of 80% and 74%, respectively. 
The station No. 11 was the only one put into High Ecological Status due to the massive 
presence of sensitive species (especially cardiids bivalves). The stations Nos. 13, 10, 12 and 2 
were also found in Good Ecological Status (Figure II.3.14.).   
In many cases, the substrate type is a proxy for estimation of habitat diversity. For example, 
the sedimentary habitats (muds) are usually rich in infauna (especially small polychaets, 
oligochaets) (see St. Nos. 1, 6, 7) 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. 
Nos. 4, 9, 10, 11). 

 
Figure II.3.14. Distribution map of M-AMBI values and ecological status of habitats  

on the Ukrainian shelf. 
 

II.3.3.2.4 Georgian region 

Descriptor 1 

1.4. Habitat distribution 

Infralitoral sand sediments with Chamelea gallina and Lucinella divaricata. Lower limit of 
this habitat was found in Kobuleti area (Station No. 6) at 23 m depth which marks the end of 
typical infralittoral habitat andincludes therefore also species belonging to shallow 
circalittoral.     

Circalittoral terigenous mud and muddy sand with burrowing thalassinidae species 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 No. 3, as 
result of Chorokh river influence and in the station No. 13 (NPMS GE), affected by Enguri, 
Kulevi and Rioni Rivers inputs. 
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Shallow circalittoral mud and organogenic sandy mud with Gouldia minima, Pitar rudis, 
Aricidea claudiae lies between 25 - 50 m depth. The substrata are represented by muddy 
sediments with high amounts of vegetal detritus. 

Deep circalittoral mud with Terebellides stroemi. In the area investigated, this habitat was 
met between 65 - 75 m depth.  

Deep circalittoral mixed sediments with Modiolula phaseolina lies between 75 - 120 m 
depth. The substrata are represented by mixed sediments (shelly mud). 

 

1.6. Habitat condition 

1.6.1 Species state and communities  

Infralittoral sand with Chamelea and Lucinella. The macrobenthic fauna of this habitat was 
constituted of 24 taxa, in majority (42%) belonging to Bivalvia. The mean abundance of the 
macrozoobenthic populations was 1,233 indv.m-2 and 15.5 g.m-2 as biomass. Characteristic 
and dominant species of this habitat were bivalves Chamelea gallina and Lucinella divaricata. 
The polychaet Mellina palmata attained densities of 141 ind.m-2 which reflects the degree of 
eutrophication and pollution of water and sediments with organic matter, being resistant to 
anoxic conditions. This aspect should further be investigated as result of interesting 
association of opportunistic M. palmata with sensitive species such as (Chamelea, Lucinella), 
which is quite difficult to explain.  

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.10.). 

Table II.3.10. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
from Infralittoral sand with Chamelea and Lucinella habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Chamelea gallina 124 3.3 4-6 

Lucinella divaricata 118 2.5 2-3 

Micronephthys stammeri 74 0.01  

 

Cicalittoral terigenous mud and muddy sand with burrowing thalassinidae species. There 
were 37 taxa belonging to 14 systematic groups found in the investigated area within this 
habitat (Hydrozoa - 1, Turbellaria - 1, Nemertea - 1, Polychaeta - 12, Phoronida - 1, Gastropoda 
- 3, Bivalvia - 5, Amphipoda - 3, Isopoda - 1, Cumacea - 1, Decapoda - 3). The mean abundance 
of the macrozoobenthic populations was 3,600 indv.m-2 and 31.5 g.m-2 as biomass. The 
thalassinideans Pestarella candida and Upogebia pusilla which dominate after biomass the 
structure of community are considered the engineering species of this habitat. 

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.11.). 

Table II.3.11. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
from Cicalittoral terigenous mud and muddy sand with burrowing thalassinidae species 
habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Upogebia pusilla 8 4.8  

Pestarella candida 8 8.5 45 
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Shallow circalittoral mud and organogenic sandy mud with Gouldia minima, Pitar rudis, 
Aricidea claudiae. A total of 66 taxa belonging to 14 systematic groups were found in the 
assemblages (Hydrozoa - 2, Anthozoa - 1, Turbellaria - 1, Nemertea - 3, Polychaeta - 20, 
Phoronida - 1, Gastropoda - 10, Bivalvia - 17, Amphipoda - 4, Isopoda - 1, Cumacea - 3, 
Echinodermata - 1, Tunicata - 2). The mean abundance of the macrozoobenthic populations 
was 7,915 indv.m-2 and 193.6 g.m-2 as biomass. The polychet Aricidea claudae - very sensitive 
to organic enrichment recorded the highest number of individuals (Davg - 3,780 ind.m-2) 
followed by bivalve Gouldia minima with average density - 1,816 ind.m-2. The characteristic 
species of this habitat are mollusks Gouldia minima, Pitar rudis and polychets Aricidea 
claudiae, Prionospio multibranchiata, Micronephtys stammeri.  

High abundance and engeneering role of polychaet A. claudiae in benthic communities from 
the Georgian shelf oblige us to make some remarks related to its ecological status for the Black 
Sea. According to studies carried out at the Bulgarian littoral (Todorova et al., 2013) A. claudiae 
is considered a tolerant species (group III) because it is associated with other 
tolerant/opportunistic ones such as Heteromastus filiformis, etc. In the current study, the 
species was found in association with Gouldia, which is a sensitive species from group I. Hence, 
in this report we will keep this species within the group I. Studies in this direction should be 
performed in the future at local level in order to clarify the ecological status of the species 
related to its sensibility to organic matter enrichment and thus its inclusion into either 
ecological group. 

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.12.). 

Table II.3.12. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
from Shalow circalittoral mud and organogenic sandy mud with Gouldia, Pitar, Aricidea 
habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Gouldia minima 1,816 85.3 7-8 

Pitar rudis 399 52.3 10-15 

Aricidea claudiae 3,780 3.2  

Prionospio multibranchiata 460 0.4  

 

Deep circalittoral mud with Terebellides stroemi. The macrobenthic fauna of this habitat was 
represented by 40 taxa, in majority (38%) belonging to Polychaeta. The mean abundance of 
the macrozoobenthic populations was 1,046 indv.m-2 and 4.1 g.m-2 as biomass, respectively. 
The polichaets Terebellides stroemi and Aricidea claudiae are conducting species within this 
habitat.  

Indicators: Density (ind.m-2), Biomass (g.m-2) (Table II.3.13.). 

Table II.3.13. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
from Deep circalittoral mud with Terebellides stroemi habitat. 

Indicators MSFD D1 1.2.1 1.2.1 

Dominant species Average Density (ind.m-2) Average Biomass (g.m-2) 

Terebellides stroemi 111 0.22 

Aricidea claudiae 600 0.3 
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Deep circalittoral mixed sediments with Modiolula phaseolina. A total of 42 taxa belonging 
to 14 systematic groups were found in the assemblages (Porifera - 1, Anthozoa - 1, Nemertea 
- 3, Polychaeta - 20, Bivalvia - 3, Amphipoda - 5, Isopoda - 1, Cumacea - 2, Echinodermata - 2, 
Tunicata - 2). The mean abundance of the macrozoobenthic populations was 2,488 indv.m-2 
and 94.2 g.m-2 as biomass. The bivalve Modiolula phaseolina recorded the highest number of 
individuals (Davg - 1,129 ind.m-2, Bavg - 78.6 g.m-2) followed by Aonides paucibranchiata with 
an average density of 457 ind.m-2. The characteristic species of this habitat are mollusks 
M.phaseolina, Abra alba, polychaets A.paucibranchiata, Phyllodoce mucosa, antozoan 
Pachycerianthus solitarius and ophiurides Amphiura stepanovi.  

As in the case of Chamelea’s habitat, M. palmata has also been met in great densities within 
deep circalittoral at 105 m depth (station No. 10). This is difficut to explain, being known that 
in other regions of the Black Sea and especially at the Romanian/Bulgarian/Ukrainian littoral, 
it inhabits the sheltered infralittoral and shallow circalittoral up to 40 m depth in areas under 
freshwater discharge and higher sedimentation rate. It is a very tolerant species to dynamic 
environments.   

Indicators: Density (ind.m-2), Biomass (g.m-2) and Size structure (Table II.3.14.). 

Table II.3.14. Indicators for Criteria 1.2.1 and 1.3.1, calculated on the basis of the samples 
from Deep circalittoral mixed sediments with Modiolula phaseolina habitat. 

Indicators MSFD D1 1.2.1 1.2.1 1.3.1 

Dominant species 
Average Density 

(ind.m-2) 
Average Biomass 

(g.m-2) 
Average Size (mm) 

Modiolula phaseolina 1,129 78.6 6-10 

Pachycerianthus solitarius 165 8.0  

Aonides paucibranchiata 457 0.73  

Amphiura stepanovi 46 0.4  

 

 

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) 

As in the previously described habitats, using the above classification systems, the results for 
the diversity and biotic indices presented in Table 15 and 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. An 
exception was the Circalittoral terrigenous mud and a muddy sand with burrowing 
thalassinidae species, which did not attain GES (Table II.3.16 and Figure II.3.15).  
The actual method of intercalibration used in the European Union is not suitable for 
comparing the results obtained with all the water bodies studied. Due to some inconsistencies 
which have been detected in the classification, the metrics require further validation for better 
understanding of the community response to different natural and/or anthropogenic 
pressures. 
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Table II.3.15. Ecological status classification system based on diversity and biotic indices of 
macrozoobenthos at Georgian part. 

S-species richness (Reference conditions) (Todorova et al., 2013), H’ - Shannon-Wiener 
community diversity index (Todorova et al., 2013),  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 
and Lucinella 

S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Circalittoral terrigenous mud 
and muddy sand with 
burrowing thalassinidae species 

S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Shallow circalittoral mud and 
organogenic sandy mud with 
Gouldia, Pitar, Aricidea  

S ≥ 39 31-39 22-31 13-22 < 13 

H’ ≥ 3.3 2.5-3.3 1.8-2.5 0.7-1.8 < 0.7 

Deep circalittoral mud with 
Terebellides stroemi 

S ≥ 28 22-28 16-22 9-16 < 9 

H’ ≥ 3.3 2.6-3.3 1.9-2.6 1.1-1.9 < 1.1 

Deep 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 

MSFD GES Non - GES 

 
Table II.3.16. Ecological status (ES) of macrozoobenthos in the Georgian region of the Black 
Sea according to average diversity and biotic indices. 

Benthic Habitat Stations Depth, m S H` AMBI M-AMBI Overall ES 
MSFD 

Ecological 
status 

Infralitoral sand with 
Chamelea and 
Lucinella 

St.6 23 24 2.78 0.72 0.73 Good 
GES/ 
Good 

Circalittoral 
terrigenous mud 
and muddy sand 
with burrowing 
thalassinidae species 

St.3* 22 23 2.56 1.74 0.64 Good Non – 
GES/ 

Not good St. 13GE* 28 28 2.51 4.31 0.52 Moderate 

Shallow circalittoral 
mud and 
organogenic sandy 
mud with Gouldia, 
Pitar, Aricidea 

St.1 42 49 1.84 0.26 0.83 Good 

GES/ 
Good 

St.4 32 25 2.41 1.17 0.67 Good 

St.8 42 45 2.69 0.95 0.85 High 

St.11 35 30 2.80 4.53 0.56 Good 

Deep circalittoral 
mud with 
Terebellides stroemi 

St.2 71 31 4.05 2.29 1.03 High 
GES/ 
Good 

St.7 65 24 1.80 0.71 0.84 Good 

St.13Ukr* 62 6 1.78 4.06 0.39 Poor** 

Deep circalittoral 
mixed sediments 
with Modiolula 
phaseolina 

St. 9 84 35 2.65 1.15 0.88 High 
GES/ 
Good 

St. 10 105 28 2.80 1.64 0.80 Good 

* it is reccommended to remove the stations Nos. 13GE and 13Ukr from evaluation due to the field sampling 
errors. However, taking into account the distance between stations No. 13GE, St. No.  3 and St. Nos. 2, 7 and 
13Ukr, respectively, such differences in quality status are possible. However, at this moment, it would be 
recommended to treat the results of the assessment with caution. 
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Figure II.3.15. Ecological status (ES) of benthic habitats in the Georgian region  

according to AMBI and M-AMBI. 

According to AMBI’s quality status assessment the Georgian shelf  is split in two sectors: the 
North - Poti, Anaklia and the South - Kobuleti, Batumi, Gonio. The stations from the northern 
sector found in proximity of rivers’ mouth (St. Nos. 13GE, 13Ukr, 11) which bring significant 
sedimentary material were classified in 'bad' ecological status, based on dominance of species 
from EG  III and IV. From these EGs were present the polychaets P.multibranchiata (average 
30% dominance after abundance) and Heteromastus filiformis (16% dominance after 
abundance). In the station No. 11, there was found a mix of sensitive (Gouldia, Aricidea) and 
tolerant-opportunistic species which makes the establishment of quality status pretty dificult. 
Currently, the poor status seems not fitting well with AMBI’s assessment (Figure II.3.16). Due 
to the small number of stations performed nearby the rivers’ mouth in the northern sector, 
an appropriate assessment was not possible. A better sampling strategy (spatial coverage) 
must be conceived for the future.    

In turn, a better sampling strategy that resulted in analysis of more benthic habitats was 
carried out in the southern sector. In general, the quality status of both shallow (Chamelea, 
EG - I, Lucinella, EG - I) and deep habitats was 'high'. Because of presence of muddy/sandy 
muddy habitat with Gouldia minima (EG - I), Pitar rudis (EG II) and Aricidea claudiae (EG - I) 
the Ecological Quality Status was assessed as 'high'. Gouldia and Aricidea dominated in 
proportion of 70% of 7,915 indv.m-2 total density. 
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M-AMBI confirms the assessment done by AMBI. Thus, the northern zone is in 'bad' ecological 
status also according to the latter (St. No. 13GE/Ukr), excepting station No. 11 which was in 
'good' status according to the M-AMBI.  

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.  

 
Figure II.3.16. Graphical representation of AMBI and M-AMBI values and ecological status 

of habitats on the Georgian shelf. 
 

II.3.3.3 Assessment of ecological status based on meiobenthic 
community  

According to literature several pollution indicators based on meiofauna were proposed: the 
nematode/copepod ratio; diversity indices or graphical methods (K dominance curve) for 
representing the biodiversity; biomass spectra (Vorobiova L., 2009; Vanaverbeke et al., 2003); 
the Maturity index (Bongers et al., 1991; Bongers, 1999) or multivariate community analysis 
from a lower to a higher taxa level (Heip et al., 1985).   

Recently, in the Black Sea a shift in meiobenthic community structure due to climate change 
and other factors has been recorded. Thus, the dominant groups in the structure of 
meiobenthos are Foraminifera and Nematoda (Vorobieva, 2015, Mokievsky, 2010, and 
others). Earlier proposed indices do not reflect anymore the real state of the community. 
Therefore, in our study, we suggest to assess GES of soft bottom sediments based on the 
indicators listed in Table II.3.17. 
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Table II.3.17. Ecological status classification system based on meiobenthic communities.  
(DDN% - dominance after nematodes density, DDF% - dominance after foraminifera density) 

 

MSFD 

Soft bottom sediments 

Depth 20 - 50 m 

GES Nematoda (DDN%) ≤ 50 Foraminifera (DDF%) ≤ 30 

Non - GES/Not - GES 50 > Nematoda (DDN%) 30 > Foraminifera (DDF%) 

 

In total, 15 taxonomic groups of meiobenthos were identified. Dominant groups were 
Foraminifera and Nematoda, subdominant group Harpacticoida. 
 

II.3.3.3.1 Ukrainian region 

Descriptor 1 

1.4. Habitat distribution 

13 taxonomic groups belonging to meiobenthic community were found on the North Western 
Black Sea (Ukraine) shelf. The stations varied within range 16.5 - 52 m depth.  

Foraminifera and Nematoda accounted for 69% of the total abundance, Harpacticoida 14%, 
while Kinorhyncha, Halacarida, Turbellaria, Polychaeta, Oligochaeta L., Bivalvia L., Gastropoda 
L., Amphipoda L., Balanus L. had a minor contribution (Figure II.3.17.). 

 

Figure II.3.17. Taxonomic structure of meiobenthic community  
in NPMS UA (May 2016). 

 

The maximum of meiobenthos abundance was registered on the muddy bottoms. With 
increasing depth the total abundance of meiobenthos increased as well, the maximum was 
recorded at the station No. 12, with 72,336 indv.m-2. Eumeiobenthos represented 96.3% of 
the total meiobenthos. The total abundance on the muddy sediments was almost two times 
higher than on shells and muddy shells and three times higher than on the sandy sediments. 
Populations of Nematoda - Foraminifera were dominant. Regarding abundance Harpacticoida 
was subdominant showing a maximum (28%) at depths of 19 - 28 m. It should be noted that 
there was a very low density of temporary meiobenthic component. The total share of 
oligochaetes, polychaetes and juvenile bivalves in total meiobenthos did not exceed 5% at the 
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depth of 30 - 50 m. At a depth of 16 - 25 m the abundances were six times higher and 
accounted for up to 30%, due to juvenile stage of bivalve molluscs.  

Maximum of biomass was observed to a depth of 20 m due to pseudomeiobenthos, attaining 
79 - 99% of total biomass (Figure II.3.18.). 

 

 
Figure II.3.18. Spatial distribution of (a) abundance (indv.m-2) and (b) biomass (mg.m-2) of 

meiobenthic communities in the Ukrainian region of the Black Sea (May 2016). 
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Descriptor 6 

6.2 Condition of benthic community 

According to the proposed indicators for assessment (DDN% ≤ 50; DDF < 30), the data 
indicated that four NPMS UA stations (6, 7, 12, 15) are in poor condition (Not-GES), while the 
other NPMS UA stations are in good condition (GES) (Table II.3.18.). 

Table II.3.18. Ecological status (ES) of the Ukrainian region of the Black Sea based on 
meiobenthos (DD% - dominance after density, DB% - dominance after biomass).  

Meiobenthic taxa  

NPMS-UA1 
(28.6 m) 

NPMS-UA6 
(22.8 m) 

NPMS-UA7 
(20.5 m) 

DD% DB% DD% DB% DD% DB% 

Foraminifera 0% 0% 9% 2% 5% 1% 

Nematoda 34% 0% 80% 7% 73% 5% 

Harpacticoida 28% 22% 0% 0% 4% 22% 

Ostracoda 11% 4% 6% 17% 8% 20% 

Kinorhyncha 0% 0% 0% 0% 1% 2% 

Halacarida 0% 0% 0% 0% 0% 0% 

L. Turbellaria 0% 0% 0% 0% 0% 0% 

L. Polychaeta 7% 19% 2% 54% 4% 80% 

L. Oligochaeta 0% 0% 2% 6% 6% 15% 

L. Bivalvia 17% 17% 2% 14% 0% 2% 

L. Gastropoda 0% 0% 0% 0% 0% 0% 

L. Amphipoda 0% 0% 0% 0% 0% 0% 

L. Balanus 1% 39% 0% 0% 0% 0% 

Total meiobenthos 100% 100% 100% 100% 100% 100% 

Eumeiobenthos 75% 25% 94% 26% 87% 44% 

Pseudomeiobenthos 27% 75% 6% 74% 8% 56% 

- continuation- 

Meiobenthic taxa  

NPMS-UA8 
(52 m) 

NPMS-UA12 
(16.3 m) 

NPMS-UA14 
(13.8 m) 

NPMS-UA15 
(18.9 m) 

DD% DB% DD% DB% DD% DB% DD% DB% 

Foraminifera 15% 15% 50% 16% 39% 1% 40% 15% 

Nematoda 16% 16% 40% 5% 27% 0% 44% 6% 

Harpacticoida 0% 0% 2% 21% 0% 0% 0% 2% 

Ostracoda 63% 63% 3% 10% 1% 0% 10% 44% 

Kinorhyncha 0% 0% 0% 0% 0% 0% 1% 7% 

Halacarida 0% 0% 0% 0% 0% 0% 1% 8% 

L. Turbellaria 0% 0% 0% 0% 0% 0% 0% 0% 

L. Polychaeta 1% 1% 1% 21% 10% 26% 0% 0% 

L. Oligochaeta 3% 3% 1% 5% 0% 0% 4% 19% 

L. Bivalvia 3% 3% 4% 49% 14% 12% 0% 0% 

L. Gastropoda 0% 0% 0% 0% 8% 61% 0% 0% 

L. Amphipoda 0% 0% 0% 0% 0% 0% 0% 0% 

L. Balanus 0% 0% 0% 0% 0% 0% 0% 0% 

Total meiobenthos 100% 100% 100% 100% 100% 100% 100% 100% 

Eumeiobenthos 62% 38% 94% 52% 66% 1% 96% 81% 

Pseudomeiobenthos 6% 62% 3% 48% 33% 99% 4% 19% 
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II.3.3.3.2 Georgian region  

Descriptor 1 

1.4. Habitat distribution 

The depth on the studied stations ranged from 23 m to 82 m. In the meiobenthic community 
of NPMS GE 13 taxonomic groups were found. Foraminifera and Nematoda dominated with 
40 to 92% of total abundance. Subdominant groups were Harpacticoida and Polychaeta, the 
average contribution to the total abundance was 10% and 11%, respectively. The contribution 
of other groups was low (Figure II.3.19.). 

 
Figure II.3.19. Taxonomic structure of meiobenthic community in NPMS GE (May 2016). 

The maximum abundance was recorded at the station No. 7, with an average of 1,916,667 
indv.m-2, of which 97% represented eumeyobentos, foraminifera with 1,700,000 indv.m-2 
being the main contributor. The abundance of meiobenthic populations varied from 322,625 
to 1,916,667 indv.m-2, biomass from 0.2 to 4 g.m-2. The main contribution to the biomass was 
registered by Polychaeta larvae with a share of 56% (Figure II.3.20.). 

 
Figure II.3.20. Spatial distribution of (a) abundance (indv.m-2) and (b) biomass (mg.m-2) of 

meiobenthic communities in the Georgia region of the Black Sea (May 2016). 
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Descriptor 6 

6.2 Condition of benthic community 

According to the proposed indicators for assessment (DDN% ≤ 50; DDF < 30), the data 
indicated that NPMS GE stations Nos. 1, 4, 6, 7 are in the 'poor' condition (Not GES), whereas 
the other stations were in good condition (GES) (Table II.3.19). 

Table II.3.19. Ecological status (ES) of the Georgian region of the Black Sea based on 
meiobenthos (DD% - dominance after density, DB% - dominance after biomass).  

Meiobenthic 
taxa  

NPMS-GE1 
(42 m) 

NPMS-GE2 
(71 m) 

NPMS-GE3 
(23 m) 

NPMS-GE4 
(32 m) 

NPMS-GE6 
(23 m) 

NPMS-GE7 
(65 m) 

DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% 

Foraminifera 57% 4% 6% 0% 48% 2% 85% 11% 70% 3% 89% 27% 

Nematoda 8% 0% 39% 0% 17% 0% 6% 0% 0% 0% 3% 0% 

Harpacticoida 6% 11% 33% 34% 17% 23% 0% 0% 8% 10% 4% 34% 

Ostracoda 12% 10% 2% 1% 0% 0% 0% 0% 3% 2% 2% 7% 

Kinorhyncha 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Halacarida 0% 0% 0% 0% 3% 2% 0% 0% 0% 0% 0% 0% 

L.Pantopoda 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Turbellaria 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 

L. Polychaeta 7% 53% 15% 58% 11% 59% 4% 64% 18% 85% 0% 0% 

L. Oligochaeta 0% 0% 0% 0% 1% 9% 0% 0% 0% 0% 0% 0% 

L. Bivalvia 9% 22% 4% 5% 3% 5% 5% 25% 0% 0% 3% 31% 

L. Balanus 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L Chironomidae  0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Total 
meiobenthos 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

100
% 

Eumeiobenthos 84% 25% 81% 36% 85% 28% 90% 11% 82% 15% 97% 69% 

Pseudo- 
Meiobenthos 

16% 75% 19% 64% 15% 72% 10% 89% 18% 85% 3% 31% 

- continuation -  

Meiobenthic taxa  

NPMS-GE8 
(42 m) 

NPMS-GE9 
(82 m) 

NPMS-GE10 
(71 m) 

NPMS-GE11 
(38 m) 

NPMS-GE14 
(62 m) 

DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% 

Foraminifera 17% 1% 40% 2% 46% 4% 23% 1% 53% 3% 

Nematoda 22% 0% 15% 0% 23% 1% 10% 0% 19% 0% 

Harpacticoida 12% 15% 6% 7% 7% 17% 15% 11% 5% 9% 

Ostracoda 20% 9% 14% 7% 19% 21% 9% 3% 4% 3% 

Kinorhyncha 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 

Halacarida 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L.Pantopoda 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Turbellaria 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Polychaeta 11% 51% 13% 63% 6% 57% 24% 68% 7% 54% 

L. Oligochaeta 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Bivalvia 16% 23% 13% 20% 0% 0% 16% 16% 12% 29% 

L. Balanus 2% 1% 0% 0% 0% 0% 2% 1% 0% 0% 

L Chironomidae 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Total meiobenthos 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Eumeiobenthos 71% 25% 74% 17% 94% 43% 58% 15% 81% 16% 

Pseudomeiobenthos 29% 75% 26% 83% 6% 57% 42% 85% 19% 84% 
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II.3.3.3.3 Kerch Strait region  

Descriptor 1 

1.4. Habitat distribution 

In the meiobenthic community on the stations of NPMS carried out in the Kerch Strait were 
found 14 taxonomic groups. The depth of the studied stations ranged from 3.5 m to 16 m. 
According to the abundance Foraminifera with a share of 56% was dominant. Subdominant 
groups were Harpacticoida and Ostracoda, the average contribution to the population was 
10% and 15% respectively. The contribution of other groups was very low (Figure II.3.21.). 

 

 
Figure II.3.21. Taxonomic structure of meiobenthic community in the Kerch Strait  

(August 2016). 

 

The abundance ranged from 48,500 to 2,056,000 indv.m-2. There is a tendency of increasing 
the abundance of meiobenthos from the strait to the marine part, the main contribution 
associated to Foraminifera, amounting on the seaward stations from 82 to 96%. Biomass 
ranged from 0.184 to 10 g.m-2 but not following the same tendency as abundance. The 
maximum biomass of 10 g.m-2 marked on the station No. 7 was mainly formed by Polychaeta 
and Harpacticoida, 4 and 2 g.m-2, respectively (Figure II.3.22.). 
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Figure II.3.22. Spatial distribution of (a) abundance (indv.m-2) and (b) biomass (mg.m-2)  

of meiobenthic communities in the Kerch Strait (August 2016). 

 

Descriptor 6 

6.2 Condition of benthic community 

According to the proposed indicators for assessment (DDN% ≤ 50; DDF < 30), the data 
indicated that five stations in the Kerch Strait (1, 4, 6, 10, 19) were in poor state (Not-GES), 
other stations were in good state (GES) (Table II.3.20.). 

Table II.3.20. Ecological status (ES) of the Kerch Strait region based on meiobenthos (DD% - 
dominance after density, DB% - dominance after biomass). 

Meiobenthic taxa  

NPMS-RF1 
(10 m) 

NPMS-RF2 
(9.5 m) 

NPMS-RF4 
(6.5 m) 

NPMS-RF6 
(4 m) 

NPMS-RF7 
(6.8 m) 

DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% 

Foraminifera 70% 12% 21% 2% 76% 2% 81% 16% 47% 4% 

Nematoda 6% 0% 5% 0% 1% 0% 4% 0% 12% 0% 

Harpacticoida 0% 0% 2% 3% 0% 0% 0% 2% 10% 27% 

Ostracoda 19% 39% 69% 63% 8% 3% 14% 34% 26% 28% 

Kinorhyncha 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
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Meiobenthic taxa  

NPMS-RF1 
(10 m) 

NPMS-RF2 
(9.5 m) 

NPMS-RF4 
(6.5 m) 

NPMS-RF6 
(4 m) 

NPMS-RF7 
(6.8 m) 

DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% 

Halacarida 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Gastrotricha 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Turbellaria 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Polychaeta 2% 41% 4% 32% 1% 2% 0% 5% 1% 11% 

L. Oligochaeta 1% 2% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Bivalvia 1% 7% 0% 0% 6% 7% 0% 1% 3% 9% 

L. Gastropoda 0% 0% 0% 0% 8% 86% 1% 40% 1% 20% 

L. Amphipoda 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Balanus 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Eumeiobenthos 96% 51% 96% 68% 85% 5% 99% 53% 95% 59% 

Pseudomeiobenthos 4% 49% 4% 32% 15% 95% 1% 47% 5% 41% 

Total meiobenthos 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

- continuation - 

Meiobenthic taxa  

NPMS-RF8 
(3.5 m) 

NPMS-RF9 
(6 m) 

NPMS-RF10 
(7 m) 

NPMS-RF12 
(6.5 m) 

NPMS-RF19 
(16 m) 

DD% DB% DD% DB% DD% DB% DD% DB% DD% DB% 

Foraminifera 2% 0% 19% 0% 92% 15% 21% 0% 96% 29% 

Nematoda 1% 0% 39% 0% 0% 0% 5% 0% 1% 0% 

Harpacticoida 64% 18% 0% 0% 0% 0% 21% 9% 0% 2% 

Ostracoda 0% 0% 0% 0% 4% 9% 5% 1% 1% 4% 

Kinorhyncha 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Halacarida 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Gastrotricha 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Turbellaria 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

L. Polychaeta 21% 23% 38% 95% 0% 2% 33% 52% 1% 34% 

L. Oligochaeta 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 

L. Bivalvia 1% 1% 3% 2% 2% 10% 7% 4% 1% 10% 

L. Gastropoda 1% 3% 0% 1% 1% 63% 7% 33% 0% 20% 

L. Amphipoda 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 

L. Balanus 8% 56% 0% 0% 0% 0% 0% 0% 0% 0% 

Eumeiobenthos 68% 18% 59% 1% 97% 24% 52% 10% 98% 35% 

Pseudomeiobenthos 32% 82% 41% 99% 3% 76% 48% 90% 2% 65% 

Total meiobenthos 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

 

II.3.4 Conclusions 

• Eight distinct benthic habitats have been identified based on the results of NPMS GE 

and NPMS UA with one habitat common to both Ukrainean and Georgian shelf: 

Infralitoral sand with Chamelea and Lucinella; 

• In the period of time the survey had been conducted, the investigated area was 

assessed mostly as being in a Good Environmental Status (GES) (78%), whereas 22% 

of the studied area was in not GES; 
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• The ratio of GES/not GES was 73 : 27% in Ukrainian region and 83 : 17% in Georgian 

region. Nevertheless, it is still problematic to propose how some habitats should be 

approached in further studies, especially those coming under strong riverine influence. 

The current assessment of these habitats both in Ukrainian and Georgian waters 

revealed 'bad' ecological status, which might be misleading. The multivariate indices 

used (AMBI, M-AMBI) for ecological quality assessment are very sensitive to tolerant 

and 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';  

• The multivariate indices AMBI and M-AMBI proved to be reliable tools suitable for 

assessment of environmental status of the investigated areas. It can be used to assess 

GES at various spatial scales (from station to habitat or ecosystem).  

• AMBI and M-AMBI indices are largely used at the EU level and therefore 

intercomparison of assessments in a wider European scale is possible. The reliability of 

assessment by AMBI and M-AMBI would certainly further increase if there would be a 

joint effort to set common thresholds for ecological status assessment by all Black Sea 

countries;  

• Despite the macrozoobenthic populations in the Black Sea underwent critical periods 

especially in the 80 - 90’s, based on the current results and similar studies carried out 

in recent years, we appreciate that the resilience capacity of macrobenthic 

communities has been mantained at a level that led to slightly improvement of quality 

status of benthic habitats. 

 

II.3.5 Gaps 

• Lack of reference/baseline conditions. 

• Lack of common thresholds for uni- or multivariate indices used for ecological quality 

assessment. 

• 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). 

• Missing the scientific capacity in predicting the evolution of ecosystem based on 

current data (ex., in case of global changes). 

II.3.6 Recommendations 

• Better coordination of monitoring efforts either at national or sub-regional scale in 

order to avoid overlapping, infrastructure sharing, adjusting the schedule of cruises so 

that different cruises covering the sub-region are to be planned in the same period of 

the year, etc.. 

• Integration of all assessment levels (species, habitat, ecosystem) into a single quality 

assessment indices (ex. M-AMBI, INTEGRA – tested recently in the Mediterranean 
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basin in the framework of Perseus Project by Hellenic Centre for Marine Research ( the 

indices combine the BENTHIX and chemical parameters) - a major challenge at the 

implementation of the MSFD; 

• 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. 

• Increasing and optimization of number of samples and replicates per habitat in order 

to better assess GES. 

• 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;  

• Coupling groundtruth data collection with modelling and forecast predictions (e.g. 

changes in species distribution and communities size) (using models, scenarios) in 

order to reduce monitoring costs; 

• Set the reference values for good environmental status based on historical data 

(statistical analysis of time series data and selection of best threshold values – done 

already for few habitats Natura 2000, MSFD predominant habitats in Romania and 

Bulgaria) or on expert judgement; 

• Integration of status assessment indices based on biological and ecological traits of 

organisms into assessment of environmental quality status. 
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II.4.1 Introduction 

Macrophytes community fulfils basic environmental function in coastal ecosystems – create 
primary organic matter with which the cycle of matter and energy transformation in trophic 
chains begins. Depending on intensity of environmental processes in marine coastal systems 
structural & functional organization of submerged aquatic vegetation (SAV) varies 
significantly. Accordingly, Macroalgae and Angiosperms in line with the MSFD (MSFD, 
2008/56/EC) are considered as Biological Quality Elements. High indicative properties of the 
SAV have been confirmed in the course of a simple method for confidence rating of 
eutrophication status classification development. For marine coastal ecosystems average 
confidence of SAV (0.64) is higher than physico-chemical conditions (0.57) and benthic 
invertebrates (0.30) (Andersen  et al., 2010). 

Within the framework of the MFSD new approaches and indicators are being actively 
developed that give opportunity to use the macrophytobenthos community for assessment 
of Ecological Status Class (ESC) of Europe's seas coastal ecosystems. Greek researchers have 
proposed an original approach – when expressing Ecological Evaluation Index (EEI) using 
structural indicators of macrophytes (floristic composition, coverage, biomass), their 
environmental properties should be taken into account in accordance with the theory of r-
spices and k-spices selection (Pianka, 1970). For the purposes of the ESC assessment Greek 
and Slovenian coast of the Mediterranean began to use broadly method of macrophytes 
division into two Ecological Status Groups (ESG): ESG I - late-successional and ESG II – 
opportunistic and consideration of their input into the structure of benthic phytocommunities 
(Οrfanidis et al., 2001, 2003, 2007; Orlando-Bonaca et al.,  2008; Panayotidis et al., 2004). 
Later, as the result of Greek and Norwegian researchers’ work this approach was improved 
and it was proposed to divide them into five sub-clusters (Οrfanidis et al., 2011). 

Based on studies of the functional-form groups of benthic marine macroalgae (Littler M.& 
Littler D.,1980; Littler et al., 1983) and peculiarities of the metabolism influencing forming of 
structure and functions of marine macrophytes (Chaylov & Parchevskiy, 1983), the new 
direction – morphofunctional ecology of macrophytes started in Ukraine in the 90th of the last 
century (Minicheva, 1998, 1999). On the basis of morphofunctional indexes of 
macrophytobenthos the method, indicators and scales, for the estimation of ESC of the Black 
Sea ecosystem were offered (Minicheva, 2013; Minicheva et al., 2015). 

In the last decade both of the approaches - Ecological Status Groups and morphofunctional 
indicators have been applied to assessment of ESC for the national coasts of Bulgaria, 
Romania, Turkey and Ukraine (Berov et al., 2010; Dencheva, 2010; Minicheva et al., 2017). The 
first attempt for assessment of ESC with the use of morphofunctional indicators for national 
coasts of Georgia and the Russian Federation was conducted within the framework of 
EMBLAS-II project. 

 

II.4.2 Materials and methods 

The macrophytobenthos material obtained at the Odessa coast (Ukraine) at the 
intercomparison exercise, during the cruises of NPMS UA (St Nos. .2, 9, 10, 14), NPMS RF-I (St. 
No. 13) and NPMS RF-II (St. No. 11), at two sampling sites on the coast of Russia (Kerch Strait 
and Sochi) and at two sampling sites on the coast of Georgia (Figure II.4.1.) was used for the 
analysis described in this report.  
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Figure II.4.1. Sampling sites of macrophytobenthos. 

 

The macrophytes sampling was carried out in different seasons, using a variety of field tools, 
as well as in different habitats, substrates and depths (Table II.4.1.). In total, there were 
selected 96 quantitative samples of macrophytes. 

Table II.4.1.  The volume of macrophytobenthos materials. 

Site sampling Habitat Substrate Depth, m Data sampling 
(macrophyte 

season) 

Sampling 

tool 

No. of 
samples 

Ukraine 

Odessa coast 

(Bio- 

station) 

Coastal Concrete 0,5-1,0 03.02.2016 

(Winter) 

Frame  
0,01m2 

15 

08.06.2016 

(Spring) 

Frame  
0,01m2 

15 

Dniester region 
NPMS UA 

(St.No. 2) 

Shelf Shell 

 

15 17.05.16 

(Spring) 

Grab 

0,13m2 

 

3 

Damping region, 

NPMS UA 

(St.No. 14) 

Shelf Shell 

 

20 20.05.2016 

(Spring) 

Grab 

0,13m2 

 

4 

Zernov’s Phyllo-
phora 

Field, NPMS UA 

(St. Nos. 9,10) 

Shelf Shell 

 

30-40 20.05.2016 

(Spring) 

Grab  0,13m2, 

Dredge 

(quality 
sampling 

12 
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Site sampling Habitat Substrate Depth, m Data sampling 
(macrophyte 

season) 

Sampling 

tool 

No. of 
samples 

Georgia 

Batumi coast 

(Green Cape) 

Coastal Rocks 0-0.2 23.08.2016 

(Summer) 

Frame  
0,04m2 

3 

Batumi coast 

(Sarpi) 

Coastal Rocks 0-0.2 23.08.2016 
(Summer) 

Frame  
0,04m2 

3 

Russian Federation 

Sochi region, 
Sochi 

Coastal Concrete 0-1.0 31.08.2016 
(Summer) 

Frame  
0,01m2 

18 

Sochi region, 
NPMS RF-II 

(St. No.11) 

Coastal Concrete 0-0.3 01.12.2016 
(Autumn) 

Frame  
0,01m2 

1 

Kerch strait, 
NPMS RF-I 

(St.No. 13) 

Coastal Sand, mud 4.0 06.08.2016 
(Summer) 

Grab 

0,04m2 

1 

Kerch strait, 
Taman 

Coastal Concrete, 
Sand 

0-2.0 10.07.2016 
(Summer) 

Frame  
0,01m2 (0-0.5 

m) and 0,25m2 

(1-2 m) 

21 

Total 96 

 

The manual “Black Sea Monitoring Guideline: Macrophytobenthos” was used for 
macrophytobenthos collection and processing. , The manual was prepared within the 
EMBLAS-I project and endorsed by the Black Sea Commission (Minicheva et al., 2015).  All 
experts who have provided material for this report received a positive evaluation from the 
two intercomparing exercises carried out within the EMBLAS-II project (see Annex Results of 
intercomparing exercises for biota: Macrophytes). 

From 22 macrophytobenthos indicators recommended for the Black Sea Monitoring 
(Minicheva et al., 2015) 9 indicators were used in this report (Table II.4.2.).  

Table II.4.2.  List of macrophytobentos indicators recommended for the Black Sea 
Monitoring (Minicheva et al., 2015) and indicators used in this report (grey colour).  

No Indicator Index, Unit 

Qualitative  (Status Indicators) 

1. Community  diversity No. of species, No. of taxonomic groups  

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 
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No Indicator Index, Unit 

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 

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 corresponding to the MSFD 

20. 
Community activity (S/Wxcom) 

m2.kg-1,  classification scheme for 5 Ecological Status 
Classes corresponding to the MSFD 

21. 
Phytocoenoses Surface Index ( SIph) 

Units, classification scheme for 5 Ecological Status Classes 
corresponding to the 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 corresponding to the 
MSFD 

 

Corresponding to the requirement of MFSD for assessment of the ESC the thee 
morphofunctional indicators of macrophytes were used (see Table II.4.2., position 19-21). 
Analyses of the national empirical data show the necessity for correction of the indicator: 
Community activity (Average Species Ecological Activity, S/Wx, m2∙kg-1). To avoid the 
technically difficult problem connected with the determination of the total floristic 
composition of macrophytobenthos, it was proposed to calculate the average value of 
populations specific surface (S/Wp), and only for those species whose biomass exceeds more 
than 0,001 kg. m-2. For assessment of the categories of ECS 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.4.3.). 

Table II.4.3. Classification scheme of macrophytes morphofunctional Ecological Evaluation 
Indexes (EEI) for assessment of the Ecological Status Class (ESC) for the 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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II.4.3 Results and discussion 

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.  On the other hand, 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 the 
ESC.  

Among the 51 species of macrophytes (Chlorophyta - 18; Rhodophyta - 23; Ochrophyta - 9; 
Magnoliophyta - 1) registered on the monitoring sites representing coastal and shelf habitats 
of Ukraine, Russian Federation and Georgia were noted 11 sensitive species macrophytes from 
phylum Rhodophyta and phylum Ochrophyta (see Annex List of macrophytes species; Figure 
II.4.2.). 

FigureII.4.2. Floristic structure of the macrophytes recorded on the investigated sites in 
Ukraine, Georgia and Russian Federation in 2016. 

The ratio in the floristic composition of sensitive and tolerant species showed that the most 
favourable ecological conditions are characteristic for the eastern coast of the Black Sea 
(sampling sites in the Russian Federation and Georgia: Sochi and Batumi coasts) (Figure II.4.3.). 

 

FigureII.4.3. Ratio of tolerant/sensitive species composition of the macrophytobenthos 
community on the investigated monitoring sites. 
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The two Black Sea invasive (non-indigenuous) species of brawn macrophytes were found at the 
four stations of the NPMS UA (Table II.4.4.). The arktoborealien species - Desmarestia viridis 
(O.F.Müller, J.V.Lamouroux; FigureII.4.4)were first recorded in the northwestern part of the 
Black Sea (Odessa coast) in 1992 (Minicheva & Eremenko, 1993).  Currently, these species 
became massively widespread in the region during the cold period of the year. Chorda 
tomentosa Lyngb. is the singular representative of the order Laminariales in the Black Sea, 
which was first discovered in the area of the Odessa coast in March 2015 (Minicheva, 2015). 
The reported determination of the Ch.  tomentosa within the NPMS UA is the second official 
discovery of this specie in the Black Sea (Figure II.4.5.).   

Table II.4.4.  Distribution and biomass (kg. m-2) of the macrophytes invasion species, which 
were recorded at the stations of NPMS UA. 

Invasive species Zernov’s Phyllophora 
Field, (St. No. 9,10) 

Dniester region,  
(St. No. 2) 

Damping region, 
 (St. No. 14) 

Desmarestia viridis (O.F.Müller) J.V.Lamouroux, + 0,002 0,002 

Chorda tomentosa Lyngb. - 0,004 - 

 

 

FigureII.4.4. Invasive species - Desmarestia viridis from St. Nos. 9, 14; NPMS UA. 

 

FigureII.4.5. Invasive species - Chorda tomentosa from St. No. 2; NPMS UA. 
Second official discovery in the Black Sea. 

 

For the assessment of the ESC it is not only important the actual presence of the sensitive or 
tolerant species, but also their development ratios (coverage, biomass etc.) and values of 
ecological activity (measured by the specific surface of SAV populations - S/Wp) of the dominant 
species of macrophytobenthos communities. This is well illustrated by the phytocenoses of 
Zernov’s Phyllophora Field. In the modern period, in relation to the increase of secondary 
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eutrophication in the north-western part of the Black Sea, the nutrients are released from 
sediments to the bottom layer of water (Garkavaya & Bogatova, 2006). Corresponding to this 
situation, on Zernov's Phyllophora Field is favoured a growth of the tolerant, small  filamentous 
species with higher ecological activity in comparison to sensitive species from genus 
Phyllophora (Figure II.4.6.). This was demonstrated by the structure-functional organisation of 
dominant species in Zernov's Phyllophora Field macrophytobenthos community, which were 
recorded during the NPMS UA in May 2016(Table II.4.5.).  

 

a    b 

  c 

Figure II.4.6. The sensitive macrophytes from genus Phyllophora: a - Coccotylus truncatus; 
b - Ph. crispa; c - fouling by the tolerant, small, filamentous species Spermothamnion 

strictum (NPMS UA: St. Nos. 9, 10). 

 

Table II.4.5. Structure-functional organisation of dominant species of Zernov's Phyllophora 
Field phytocommunity, recorded during the NPMS UA in May 2016(St. Nos. 9, 10). 

Dominant species Coverage, 

% 

Biomass, 

kg.m-2 

Ecological activity, 

S/Wp , m2·kg-1 

Coccotylus truncatus (Pallas) M.J.Wynne & J.N.Heine 5 0,019 13,7 

Phyllophora crispa (Hudson) P.S.Dixon 5 0,046 10,2 

Spermothamnion strictum (C.Agardh) Ardissone 50 0,033 150,5 

A low percentage of coverage and insignificant biomass of genus Phyllophora can be seen in the 
picture of the underwater video camera at St. Nos. 9 and 10 (Figure II.4.7). 

 



Scientific Report – Joint Black Sea Surveys 2016 

 

175  

 

Figure II.4.7. Distribution of macrophytes at the Zernov’s Phyllophora Field  
(NPMSUA - St. Nos. 9, 10). 

 

Consequently, consideration of macrophytobenthos biomass, without quantitative 
characteristics of species ecological activity (morphofunctional indicators, rank of ESG, k-r-
species types) does not provide an objective picture of the environmental status for a given 
monitoring site.  For example, high values of biomass at the sites near Georgian coast have large 
forms of sensitive species, such as Cystoseira, Gelidium and another (see Annex, List of 
macrophytobenthos species).  On the other hand, lower values of biomass in the eutrophied 
north-western part of the Black Sea or near the Kerch Strait between the Azov Sea and the Black 
Sea are formed by the prevalent development of a small-scale and high ecological activity 
species with high values of S/Wp. The correlation between biomass and ecological activity of 
benthic vegetation species is inversely proportional (Figure II.4.8.).  

 

Figure II.4.8. Relation between the biomass and ecological activity (S/Wp) of 
macrophytobenthos communities at the investigated monitoring sites. 
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The morphofunctional indicator - Three Dominants Ecological Activity (S/W3Dp, m2∙kg-1) is the 
most revealing for assessment of the comparative spatial distribution of ESC for the various 
habitats and regions of the Black Sea.The average value of the ecological activities of the three 
dominant species whose development under the particular conditions of different regions 
reflects the intensity of the production process which is connected with the level of 
eutrophication and ecological status of the marine environment. Using the value of EQR of 
this indicator for the three national sectors presented the more intensive production 
processes in the north-western part, their increase related to the influence of three major 
rivers (Danube, Dniester and Dnieper) and in the Kerch Strait, where the increase is related to 
the influence of the Azov Sea. At the same time, in the shelf zone is the ESC lowest due to 
secondary eutrophication from sediments (Table II.4.6.). 

Table II.4.6. Ecological Status Class (ESC) and Ecological Quality Ratio (EQR) of the 
investigated sites by the morphofunctional indicator - Three Dominants Ecological Activity 
(S/W3Dp, m2∙kg-1). 

Sampling site 
Dominant 

species 

Three Dominants 
Ecological Activity, 

S/W3Dp, m2∙kg-1 

EQR 
Category 

of ESC 

U
kr

ai
n

e
 

Odessa coast 

(Biostation) 

1.Ulva intestinalis 

2.U. linza 

3.Cladophora vagabunda 

44,8 0,37 Moderate 

Zernov’s Phyllophora 

Field, NPMS 

 (St. Nos. 9,10) 

1. Phyllophora crispa  

2. Coccotylus truncatus 

3. Spermothamnion strictum 

58,3 0,25 Poor 

Dniester region, 
NPMS 

(St. No. 2) 

1. Feldmannia irregularis 

2. Ectocarpus siliculosus 

3. Polysiphonia sanquinea 

124,7 0,18 Bad 

Damping region, 

NPMS (St.No. 14) 

1. Ectocarpus siliculosus 

2. Feldmannia irregularis 

3. Cladophora vagabunda 

119,4 0,20 Bad 

G
eo

rg
ia

 

Batumi coast 

(Sarpi) 

1.Cladophora vagabunda 

2.Cystoseira bosphorica 

3.Ceramium arborescens 

38,6 0,49 Moderate 

Batumi coast 

(Green Cape) 

1.Cladophora vagabunda 

2.Ceramium arborescens 

3.Gratelupia dicotoma 

27,8 0,71 Good 

R
u

ss
ia

n
 F

ed
er

at
io

n
 

Sochi region, Sochi 1.Ulva intestinalis  

2.Cystoseira barbata  

3.Ulva compressa   

27,6 0,47 Good 

Sochi region, NPMS 
RF-II (St.No. 11) 

1.Cystoseira barbata 

2.Polysiphonia subulifera 
15,0  0,95 Good 

Kerch strait, NPMS 
RF-I (St. No.13) 

1.Zostera noltii 2.Cladophora albida 
44,9 0,27 Moderate 

Kerch Strait, Taman 1.Chaetomorpha aerea 

2.Ulva intestinalis 

3.Cladophora laetevirens 

34,5 0,36 Moderate 

 

Integral results of the ESC assessment for the investigated monitoring sites using the three 
morphofunctional  EEI (S/W3Dp, S/Wx, SIph) and the average values for their EQR are presented 
in Table II.4.7. 
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Table II.4.7. Integral results of the ESC assessment at the investigated monitoring sites in 
Ukraine, Georgia and Russian Federation (2016). 

Sampling site ESC by value of m-f indicators ESC by average 
EQR of m-f 
indicators 

S/W3Dp, 
m2∙kg-1 

EQR S/Wx, 

m2∙kg-1 

EQR SIph, 

units 

EQR  

Ukraine 

Odessa coast 

(Biostation) 
44,8 0,37 89,5 0,63 42,7 0,81 

0,60 

(Moderate) 

Zernov’s Phyl-lophora 
Field, NPMS UA 

(St.Nos. 9,10) 

58,3 0,25 60,1 0,79 
Absent 

representative data 
- 

0,52 

(Moderate) 

Dniester region NPMS 
(St. No. 2) 

124,7 0,18 136,5 0,28 
Absent 

representative data 
- 

0,23 

(Poor) 

Damping region, 

NPMS UA (St.No. 14) 
119,4 0,20 134,2 0,29 

Absent 
representative data 

- 
0,25 

(Poor) 

Georgia 

Batumi coast 

(Green Cape) 
27,8 0,71 29,6 0,99 36,2 0,87 

0,86 

(High) 

Batumi coast (Sarpi) 38,6 0,49 32,1 0,98 40,0 0,84 
0,77 

(Good) 

Russian Federation 

Sochi region, Sochi 
27,6 0,47 

Absent 
representative data 

- 
Absent 

representative data 
- 

0,71 

(Good) Sochi region, NPMS 
RF-II (St. No. 11) 

15,0 0,95 
Absent 

representative data 
- 

Absent 
representative data 

- 

Kerch strait, NPMS RF-I 
(St. No.13) 

44,9 0,27 
Absent 

representative data 
- 

Absent 
representative data 

- 
0,32 

(Moderate) Kerch Strait, Taman 
34,5 0,36 

Absent 
representative data 

- 
Absent 

representative data 
- 

 

The spatial distribution of the ESC categories and values of EQR at the investigated monitoring 
sites as an integral result assessment by morphofunctional indicators are presented in Figure 
4.II.9. 
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Figure II.4.9. Distribution of the ESC categories and EQR values at the investigated  

sampling sites in Ukraine, Russian Federation and Georgia. 

 

II.4.4 Conclusions 

• 51 species of macrophytes were found on the investigated sites in Ukraine, Russian 
Federation and Georgia. They belong to phylum’s: Chlorophyta (18), Rhodophyta (23), 
Ochrophyta (9) and Magnoliophyta (1). Among the floristic diversity were recorded 11 
species of macrophytes which are sensitive (S/Wp = 5-25 m2·kg-1, ESG I, k-species). The 
rest of the species are tolerant (S/Wp ≥ 25 m2·kg-1, ESG II, r-species). 

• Two species of the Black Sea invasive macrophytes were recorded on the shelf zone of 
the Ukrainian sector and on the Zernov’s Phyllophora Field: - Desmarestia viridis (O. F. 
Müller, J. V. Lamouroux) and Chorda tomentosa Lyngb. The discovery of Ch. tomentosa at 
St. No. 2 of the NPMS UA is of importance as it was found only second time in the Black 
Sea ecosystem. 

• Indicator of macrophytobenthos biomass at the studied monitoring stations varied within 
a wide range: from more than 3,5 to 0,01 kg. m-2. It was concluded that the absolute 
values of biomass without macrophytobenthos coefficients of ecological activity for 
dominant species (specific surface of population, S/Wp) cannot be regarded as a 
characteristic of ecological status of marine habitats.  

• The values of the morphofunctional indicators S/W3Dp are the most significant, as they 
reflect the spatial peculiarities of different marine regions and suggest that the north-
western part of the Black Sea and areas adjacent to the Kerch Strait are in  lower ESC 
categories compared to the east coast (Sochi and Batumi regions). This is due to the 
influence of big rivers (Danube, Dnieper, Dniester) and the Azov Sea as well as secondary 
eutrophication of the shelf zone.  
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• Integrated ESC assessment shows that the most favourable environmental conditions 
among the studied sites were at Green Cape (Georgia; 'high'; EQR - 0,86). Lowest 
categories of the ESC were noted for the Ukrainian sector in the Dniester region (NPMS 
UA, St. No. 2) and the Damping region (NPMS UA, St. No. 14; 'poor'; EQR - 0,23-0,25). 

 

II.4.5 Gaps 

• The comparative analysis of the macrophytobenthos communities was negatively 
affected by the different sampling seasons, sampling tools, substrates, habitats and 
sampling layers. 

• Quantitative sampling of macrophytobenthos with using the Grab (Van Veen) and Drags 
does not give reliable results on macrophytes communities’ biomasses. 

• Information about the macrophytobenthos status was calculated without the use of 
automated (computer) programmes and not recorded in a joint monitoring database. 

• The used morphofunctional indicator ( S/Wx) has shown high uncertainty depending on 
the qualification of the macrophyte experts determining the total floristic composition of 
macrophytobenthos communities. For this reason, assessment of the ESC categories 
based on this indicator may be erroneous. 

• The use of indicator SIph can lead to wrong assessment of the ESC categories in situations 
when the used methods do not provide reliable values of macrophytobenthos biomass. 

 

II.4.6 Recommendations 

• It is necessary to improve the standards of spatial-temporal principles of national 
monitoring of the Black Sea macrophytobenthos. It is necessary to define: - universal 
seasonal period of sampling; - standard layers. At the selection of national monitoring 
sites to take into account:  - the type of habitats (MFSD standards); - the type of substrates 
(soft and hard), the level of anthropogenic load (high, low). 

• The national monitoring of  macrophytobenthos must be carried out only by the method 
of the diving sampling. 

• It is necessary to develop the programme automatically calculating the 
macrophytobenthos indicators, systematise its analysis and storage in a joint database 
with other biological components and physico-chemical parameters of the marine 
environment. 

• To avoid the technically difficult problem in connection with determining the value of 
indicator S/Wx (average value from full floristic composition) it is proposed to calculate 
the average value of the populations specific surface (S/Wp) only for those species whose 
biomass exceeds more than 0,001 kg. m-2. 

• It is necessary to conduct work for the correction of ESC categories limits within the 
classification scales of macrophytes morphofunctional indicators in order to take into 
account the conditions of the different parts of the Black Sea ecosystem and standards of 
the MFSD habitats. 
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II.5.1 Introduction 

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.5.1.). 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. 
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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.5.1. 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. 

II.5.2 Materials and methods 

The Joint Open Sea Survey across the Black Sea and the National Pilot Monitoring Studies in 
the Ukrainian and Georgian coastal and offshore waters were performed during May – June 
2016 (19 days of observations) onboard the RV “Mare Nigrum” (Figure II.5.1. and II.5.2.). In 
May, August and November (13 days in total), the National Pilot Monitoring Studies in the 
waters of Russian Federation were performed onboard the RV “Ashamba” and RV “Peleng” 
and at the end of May (2 days) the Joint Open Sea Survey was performed onboard the RV 
“Impuls” (Figure II.5.1. and II.5.3.). Our main goal was to evaluate cetacean distribution 
patterns during this period.  

Visual observations 

Visual observations were conducted by one experienced observer during daylight hours from 
the bridge deck of the ship at a height of 5 – 10.5 m above the sea surface in good or moderate 
weather conditions (Beaufort Sea state ≤3). Most cetacean encounters were detected by 
naked eye, although some dolphins and porpoises were first seen using 10× binoculars. 
Observer searched from a bearing angle of 90° on each sides of the vessel (180° in all). 
Observations were interrupted at sampling stations (except the NPMS RF-III cruise). Following 
data were collected during the survey: observational effort information, weather conditions, 
GPS position, bearing angle and distance to the group, species identification, group size, its 
composition, and behaviour.  

Photo-identification 

The NIKON D90 digital camera with 300 mm lenses (Nikon AF-S NIKKOR 70-300mm) was used 
to photograph cetaceans for the purpose of species confirmation and photo-identification. 
Although such type of surveys is not suitable for the use of this method we decided to collect 
the opportunistic data. Dorsal fin images were classified in relation to severity of scarring and 
individual distinctiveness (Wursig, Jefferson, 1990; Gladilina et al., 2016; Mason et al., 2016). 
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Data analysis 

The ArcGIS 10.4 program package and the R software (R Core Team, 2016) were used for the 
analysis and graphics. 

II.5.3 Results and discussion 

During the EMBLAS-II research surveys we encountered 516 groups (2,561 individuals) of all 
three species of the Black Sea cetaceans (Table II.5.2.).  

 

Figure II.5.1. Marine mammal encounters during the EMBLAS-II research cruises in 2016. 

 

 

Figure II.5.2. Marine mammal encounters  
in the northwestern (left) and southeastern (right) parts of the Black Sea  

during the NPMS UA, NPMS GE and JOSS UA-GE research cruises. 
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Figure II.5.3. Marine mammal encounters in the northeastern part of the Black Sea 
 during NPMS RF and JOSS RF surveys. 

Table II.5.2. The number of cetaceans encountered during the EMBLAS-II research cruises in 
2016.  

Cruises 

Family Delphinidae Phocenidae 

Species Tursiops truncatus Delphinus delphis Phocoena phocoena 

Regions / Categories Groups Individuals Groups Individuals Groups Individuals 

NPMS UA JOSS UA-GE Northwestern 7 40 43 527 51 120 

JOSS UA-GE 
Central 

(Open Sea) 
2 14 215 1090 31 78 

All RF  Northeastern 10 22 25 150 0 0 

NPMS GE  

JOSS UA-GE 
Southeastern 1 1 107 453 24 66 

All Total number 20 77 390 2220 106 264 

 

The common dolphin was the most common species in our studies, which is usual for the Black 
Sea as a whole (Tomilin 1957; Bushuev, 2000; 2002; Mikhalev, 2008; Birkun et al., 2014). This 
species was found through all area of the Black Sea, near coast and in deep waters (Figure 
II.5.1.), but the distribution was lower in the western part than in the eastern part (Figure 
II.5.5.), which is similar to the data of previous decades (Mikhalev, 2008). This would be very 
much in keeping with the common dolphin’s natural habitat and ecology, as this species tends 
to be distributed mainly offshore and visits shallow coastal waters following seasonal 
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aggregations and regular mass migrations of its preferred prey, small pelagic fishes such as 
Black Sea anchovy (Engraulis encrasicolus ponticus) and Black Sea sprat (Sprattus sprattus 
phalaericus) (Geptner et al., 1976).  

Cetaceans were encountered mainly in the single-species groups, but joint group of common 
dolphins and juvenile harbour porpoise was detected in the offshore waters of the 
southeastern part of the Black Sea (Figure II.5.4), which is highly unusual – neither short- nor 
long-term associations between common dolphins and harbour porpoises have been 
documented before the recent sightings occurred in Scotland (Ryan et al., 2017). 

 

Figure II.5.4. Joint group of common dolphins and juvenile harbour porpoise encountered 
in the offshore waters of the southeastern part of the Black Sea. 

 

Although our surveys were not suitable for the photo-identification study we managed to 
collect pictures of about 30 individually distinguished individuals of common dolphins, eleven 
of them were photographed in the Sea Ports of Odesa and Batumi (Figure II.5.5.). 

 

 

Figure II.5.5. Photo-identification pictures of common dolphins. 

 

The common dolphin is a rare object for the photo-identification studies because it is 
considered to be a highly mobile, offshore species. But the first evidence of the residency of a 
small community of short-beaked common dolphins was recently reported for the waters of 
south-eastern Australia (Mason et al., 2016). Our coast-based photo-identification study of 
this species conducted in 2015 – 2016 in the area of Yuzhny Port (Hryhorivsky Bay, Black Sea) 
in summer, reveals the site fidelity patterns for the group of common dolphins during the 
warm period of the year (Savenko, 2015; Savenko and Ivanchikova, 2016). This group consists 
mostly of females with calves and juveniles. This is in agreement with the fact that in spite of 
high densities predicted for this species in deep water in the Mediterranean Sea, the most 
critical areas for it are the waters around the shelf edge, where they concentrate to feed and 
where the large majority of the calves are encountered (Cañadas, Hammond, 2008). Common 
dolphin critical habitats in the Black Sea overlap with fishing grounds of intense trawl fishery 
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targeting the schooling pelagic fish, populations of this and other cetacean species in the 
region are also affected by a range of other human activities (Figure II.5.6.). 

 

 
Figure II.5.6. Bottlenose dolphin near the construction activities of the bridge in Kerch 
Strait (left side) and common dolphin entangled in the rope (southeastern part of the 

Black Sea; right side). 

 

Common dolphins do not occur in the Azov Sea and normally avoid the Kerch Strait. We did 
not encounter this species during the surveys in that area. 

The harbour porpoise encounters occurred less frequently and this species was distributed 
more sporadically, which is similar to the patterns described in earlier studies (Mikhalev, 
2005b; Birkun et al., 2014). Such gaps in distribution could be explained by the low population 
size and discrete population structure – several rather isolated herds (local populations) of the 
harbour porpoises are presumed to occur in the Black Sea (Zalkin, 1940; Kleinenberg, 1956; 
Gol’din, 2004; Mikhalev, 2005b; Gol’din and Vishnyakova, 2015; 2016). The absence of the 
harbour porpoise’s sightings in coastal waters of the northeastern region is unusual, especially 
in May and November, known for the highest concentrations of this species related to their 
seasonal migrations (Mikhalev, 2005b; Vishnyakova et al., 2013; Savenko et al., 2013; 2015). 
More observational effort is needed to understand the real picture of the species distribution 
in the area. In northwestern part of the Black Sea the high concentration rate of the harbour 
porpoise was shown for the area adjacent to the Danube Delta. This result coincides with the 
data on sightings peak for this species obtained in July 2013 in the northwestern region (Birkun 
et al., 2014). The waters near the Danube Delta could be determined as important hotspot for 
the harbour porpoises in the region during warm period of the year. This important area 
extends to the Zmeinyi Island according to the same report (Birkun et al., 2014) and our 
additional observations conducted in August 2016. 

The low encounter rate of the bottlenose dolphins can be explained by their low abundance 
across the Black Sea and also by the peculiarities of their seasonal distribution and population 
structure which consists of coastal resident groups which are supposed to include offshore 
and inshore populations (Bushuev, 2002; Mikhalev, 2005a; Gol’din and Gladilina, 2015; 
Gladilina et al., 2016). During the 20th century, the bottlenose dolphin was considered the 
least abundant of the three cetacean species in the Black Sea (Sokolov et al., 1990; Shcherbak, 
1994; Yaskin, Yukhov, 1997; Mikhalev, 2005a). During the last years bottlenose dolphins tend 
to dominate in some coastal areas (Gladilina, 2012; Raykov and Panayotova, 2012; Gladilina 
and Gol’din, 2016; Gladilina et al., 2016). Resident groups of this species are known in the near 
shore waters of northern and northeastern parts of the Black Sea (Shpak et al., 2006; Gladilina, 
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2012; Gladilina and Gol’din, 2016; Gladilina et al., 2016), and the sightings from NPMS RF and 
JOSS RF surveys were made in the areas of their distribution. Principal habitat for this species 
as well as for harbour porpoise is the circumlittoral area over the continental shelf (Mikhalev, 
2005a, b; Birkun et al., 2014).  

Encounter rates (Figure II.5.7.) for common dolphins and harbour porpoises obtained during 
our surveys show their highest concentrations in open waters of the southeastern region, 
which coincides with the previous data but is less typical for the late spring and summer 
period, in comparison with the winter (Mikhalev, 2005b; Mikhalev, 2008).  

 

 

Figure II.5.7. Encounter rates of the common dolphins and harbour porpoises  
in different regions of the Black Sea. 

 

Figure II.5.7. shows the difference in numbers of individuals of common dolphins and harbour 
porpoises encountered per hour of observations in different regions of the Black Sea 
(“central” means all open sea waters surveyed in this study). Bold line is median; whiskers are 
0%–100% quartiles; box shows 25%–75% quartiles. 
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Group sizes of all three cetacean species (Figure II.5.8.) are similar to the data obtained in 
different cetacean surveys during the last decade (Gladilina, 2012; Birkun et al., 2014) but are 
much smaller of their historical numbers (Mikhalev, 2005a;b; Mikhalev, 2008), especially for 
the common dolphin. 

Figure II.5.8. Group sizes of cetaceans encountered during the EMBLAS-II  
research cruises in 2016. 

Figure II.5.8. shows the group sizes of cetaceans encountered in different regions of the Black 
Sea. Bold line is median; whiskers are 0%–100% quartiles; box shows 25%–75% quartiles. 

 

II.5.4 Conclusions 

Our study was conducted to provide scientific information on marine mammals of the Black 
Sea to underpin national and international conservation and management responsibilities 
under the MSFD and BSIMAP implementation in Ukraine, Georgia and Russian Federation. The 
data on distributional patterns of cetaceans were obtained for the territorial waters and 
exclusive economic zones of all three countries as well as for the deep open sea waters. 
Cetacean populations in the Black Sea are affected by a range of human activities and the data 
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on their distribution is beneficial for scientific and many conservation and management 
purposes. 

Our results inform the EU Member States and also the international organisations that have a 
responsibility for and interest in the conservation of cetaceans in the Black Sea waters. The 
low encounter rates of the endangered harbour porpoises and particularly bottlenose 
dolphins cause certain concern. Our pilot study allowed us to identify areas of predicted high 
density of marine mammals. This knowledge will be used in the design of the future line 
transect surveys for the Black Sea cetacean abundance estimates. Our photographs of the 
individually distinguished common dolphins will contribute to the photo-identification 
catalogues of the Black Sea cetaceans. 

 

II.5.5 Gaps 

The present state of Black Sea cetacean populations is not certain in spite of research and 
conservation measures during last decades. The total population sizes of the Black Sea 
subspecies and their trends are unknown. The population biology, population structure as well 
as other population parameters still remain poorly known. Study of seasonal and inter-annual 
variations in cetacean distribution and movement require systematic research effort to be 
performed. The critical habitats and areas of major human impacts on cetacean populations 
should be identified and revised on a regular basis. Also monitoring of strandings and bycatch 
– one of the most important cause of mortality for the harbour porpoise, is essential to 
perform conservation of cetaceans in the Black Sea waters. 

 

II.5.6 Recommendations 

Reliable information on the abundance and population trends of cetaceans will allow 
evaluating the impact of threats affecting the populations and determining the conservation 
statuses of all three Black Sea species.  

An effective conservation will depend critically on our understanding of the relationship 
between the species and their habitats. 

Massive dedicated surveys in different regions of the Black Sea are necessary to generate 
robust estimates of abundance for cetacean species. 

The dedicated line transect surveys (shipboard or/and aerial) should be performed regularly 
in the inshore and offshore waters of the Black Sea, for estimations of abundance and density 
of cetaceans (Hammond et al., 2002, 2013; Laake and Borchers, 2004; Birkun et al., 2014). 

Photo-identification studies are required for bottlenose dolphins and common dolphins to 
understand their site-fidelity and migration patterns, life history parameters, social structure, 
local units, behaviour and abundance (Wursig, Jefferson, 1990; Savenko, 2015; Savenko and 
Ivanchikova, 2016; Gladilina, Gol’din, 2016; Gladilina et al., 2016; Mason et al., 2016).  

Also a regular monitoring of cetacean strandings and bycatch (Birkun et al., 2014; Vishnyakova 
and Gol’din, 2015 a,b) is essential for scientific and conservational issues. 
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II.6.1 Introduction 

Microorganisms are ubiquitous in marine environment and known to be the drivers of 
biogeochemical processes, such as carbon and nutrient cycling. Their ability to rapidly respond 
to the changes in the environment, such as climate change–associated shifts in temperature, 
oxygen and nutrient content, carbon chemistry, and alterations in ocean stratification makes 
them the promising indicators (Donet et al., 2012, Sunagawa et al., 2015). Microorganisms 
harbour a vast genetic diversity and occur in extremely high numbers - it is known that 1 ml 
of ocean water can contain up to 1 million of microbial cells (Glöckner et al., 2012). Microbes 
play key role in maintaining the balance between fixed and produced CO2 driving the 
degradation of organic matter in marine waters.  

The important role of microorganisms in biogeochemical processes can be illustrated by the 
fact that marine phototrophic microorganisms (Cyanobacteria) are responsible for more than 
50% of the oxygen production on Earth and heterotrophic bacteria consume the amount of 
carbon equivalent to approximately 20–60% of total primary production (Glöckner et al., 
2012, Fuhrman, 1992). Marine microorganisms occupy the bottom trophic level of marine 
food webs, representing microbial loop and accelerating the mineralisation process and thus 
regenerating production in nutrient-limited systems (Fenchel, 2008). Being at the bottom of 
the food web microorganisms are increasingly important for ensuring a sustainable supply of 
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energy to the upper trophic levels, and are practically important for regulating aquaculture 
processes and bioremediation and waste management (Glöckner et al., 2012). 

Despite important ecological role of marine microorganisms, their functions and community 
structures are still poorly understood. This situation is mainly due to the fact that the fast 
majority (90-99%) of them cannot be cultured under standard laboratory conditions, and thus 
their physiology cannot be studied directly. 

The development of a molecular toolbox allowed to uncover taxonomic and functional 
diversity of marine microorganisms. Metagenomics gives an opportunity to obtain the vast 
and comparable data on biodiversity abundance and distribution. Another advantage is that 
this data is digital and ready-to-go in various databases. This technique has thus the potential 
of contributing to the assessment of MFSD indicators and is especially revenant to Food web 
descriptor in the context of marine bacterioplankton (Table II.6.1 ). 

Previous research has already uncovered and highlighted important functional roles of 
microbial communities in Black Sea ecosystem functioning and in carbon (Michaelis et al., 
2002, Fuchsman et al.,2011), nitrogen (Kuypers et al., 2003, Kirkpatrick et al., 2006, Lin et al., 
2006, Oakley et al., 2007, Fuchsman et al.,2011, Fuchsman et al.  2012) and sulphur (Grote et 
al., 2008, Fuchsman et al., 2011) biogeochemical cycles. 

Table II.6.1. Microbial communities related Descriptors/Indicators/Criteria relevant to 
MSFD. 

MFSD Descriptors Criteria Indicators 

1.Biodiversity 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  

4.3.1. Abundance trends of functionally important 
selected groups/species

 

 

 

The JOSS GE-UA data on microbial communities offers a unique opportunity to describe Black 
Sea marine microorganisms on different depths in relation to chemical parameters. This is the 
first large-scale metagenomic survey of microbial communities in this region, and the 
development of novel efficient monitoring techniques and improvement of databases sets 
additional perspectives to such study (Bourlat et al., 2013). 

 

II.6.2 Materials and methods 

II.6.2.1 JOSS GE-UA 

II.6.2.1.1 Sampling 

69 sea water samples from 12 stations and 30 sediment samples from 5 stations were 
collected during the Joint Open Sea Survey, which was conducted under EMBLAS-II project in 
May-June 2016. The samples were taken from the following depths: surface, thermocline, 
deep chlorophyll-a maximum, nutrient maximum, oxygen minimum and H2S zone. Sampling 
depths were selected according to the CTD profile. Nutrient maximum was defined as the 
layer, at which the concentration of nutrients (PO4) was particularly high relative to the other 
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depths at the station, and oxygen minimum layer was at the depths, where the concentration 
of O2 was less then 2mg/l (Figure II.6.1.). 

 
Figure II.6.1. Concentration of O2 (mg/l) and H2S (mg/l) at various sampling depths. 

 

5 L of seawater were taken from each of the sampling layers.  2.300 - 4.580 L per sample were 
passed through the Millipore Sterivex-GP 0.22 µm filters using 50 mL sterile syringes and 
peristaltic pump. Then 2.5 mL of RNAlater solution was added to 40 filters, which were 
subsequently incubated in the fridge at 4-8oC for 10 hours as recommended by the 
manufacturer. Afterwards the filters were moved to -20oC for the storage. The rest of the 
samples (29) were immediately frozen in liquid nitrogen without RNAlater.  

The sediments samples were taken by gravity corer in multiple tubes. The samples were taken 
aseptically from the core upper layer using 5, 20 and 50 ml sterile syringes at the stations JOSS 
#3, #7, #13, #16, #23. Additionally, the samples from each 5 cm of the corer were taken with 
50 ml sterile syringes at the stations JOSS  #13 and #23. The 50 ml syringes were stored at -
20oC in a freezer and the 20 ml and 5 ml syringes were immediately frozen in liquid nitrogen. 

  

II.6.2.1.2 DNA extraction and sequencing 

The samples were processed at the National Institute for Marine Research and Development 
“Grigore Antipa“, Constanta, Romania during the period of 18 — 28 July 2016. Sample 
processing involved genomic DNA extraction with subsequent shipping for 16s Illumina 
sequencing. DNA was extracted from 81 samples (69 sea water and 12 sediments samples) 
using MO BIO PowerSoil® DNA Isolation Kit (MO BIO Laboratories, Inc., USA). Sediments 
samples were processed according to the standard manufacturers protocol, which was 
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 81 samples had sufficient DNA concentration (ranging from 
4.74 ng/μl to 226 ng/μl with most above 30 ng/μl) and purity ration ~1.8.   

Sequencing was performed at MR DNA (Shallowater, TX, USA) using the Illumina sequencing 
platform following the manufacturer’s guidelines. A previously described MiSeq 16S protocol 
based on bTEFAP process (Dowd et al., 2008; Chiodini et al., 2015) with 16SrRNA gene V4 
region bacterial primer pair S-DBact-0341-b-S-17 and S-D-Bact-0785-a-A-21 (Klindworth et al., 
2013) with barcode on the forward primer were used to evaluate bacterial diversity of 
samples. In brief, a single-step 28 cycle PCR using the HotStarTaq Plus Master Mix Kit (Qiagen, 
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USA) was used under the following conditions: 94°C for 3 minutes, followed by 28 cycles of 
94°C for 30 seconds, 53°C for 40 seconds and 72°C for 1 minute, after which a final elongation 
step at 72°C for 5 minutes was performed. Subsequently, PCR products were checked in 2% 
agarose gel in order to determine the success of amplification and the relative intensity of 
bands. Multiple samples were pooled together (e.g., 100 samples) in equal proportions based 
on their molecular weight and DNA concentrations. The purification of pooled samples was 
carried out using calibrated Ampure XP beads. Then the pooled and purified PCR product was 
used to prepare Illumina DNA library.  

 

II.6.2.1.3 Bioinformatic and statistical analysis 

The reads were merged and reoriented in the 5’-3’ direction and <200 bp sequences removed 
by MR DNA (www.mrdnalab.com, Shallowater, TX, USA). The resulting sequences were loaded 
to QIIME and following analysis was carried out: 

1. The barcodes were trimmed, the primers were removed, as well as the low quality reads 
(< 150 bp), sequences with ambiguous base calls and sequences with homopolymer runs 
exceeding 6 bp. The new dataset consisted of 7348304 sequences. 

2. The sequences were clustered in Operational taxonomic units at 97% similarity. There 
were 408396 OTUs identified among all samples. 

3. One representative sequence was chosen per each OTU. 

4. The taxonomy was assigned using RDP Classifier against the Greengenes reference 
database. The taxonomy was summarised for different levels, class and genus level was 
used for further analysis. 

 

II.6.2.2 JOSS RF and NPMS RF 12-months monitoring 

Estimation of the total number of bacteria was conducted by standard methods of 
epifluorescence microscopy (Sherr et al., 2001). Samples were collected in sterile plastic tubes 
and fixed with formaldehyde to the final concentration of 4%. The samples were kept in 
refrigerator at 6-8°C. Subsequently the samples were stained with universal fluorochrome in 
a laboratory acridine orange for estimation of total bacterial count. Stained samples were 
filtered through black Nucleopore filters (Whatman) with the pore size of 0.22 μm. The funnel 
Millipore (USA) with the diameter 25 mm was used. The slides were examined under 
epifluorescence microscopes (JOSS: FLUOVAL, Germany; NPMS: LUMAM, Russian Federation) 
with UV and blue light filter sets (Hauer et al., 2001). Final magnification was 1000.  

From 20 to 40 fields of vision were examined. The total number of counted cells was not less 
than 400. Linear dimensions of bacteria cells were measured taking into account the shape of 
the cell. Coefficient 1.6 was applied for cell biomass calculation in order to compensate the 
shrinking of the cells during fixation and staining (Sazhin et al., 1987). Wet biomass was 
converted to dry weight using coefficient 0.15. Dry weight was converted to carbon content 
with coefficient 0.5. 

http://www.mrdnalab.com/


Scientific Report – Joint Black Sea Surveys 2016 

 

198  

II.6.3 Results and discussions 

II.6.3.1 JOSS GE-UA 

The data on microbial communities class and genera relative abundance suggested a clear 
pattern, which was in accordance with the distribution of chemical parameters at the different 
depths sampled. 

As classes usually encompass many members with varying ecosystem functions and 
metabolism more emphasis was laid towards the analysis of the lower taxonomic level. The 
statistical pipeline applied allowed using genera as the lowest level of classification. Our 
analysis yielded 1060 genera in the total pool of the samples, yet we cleared the dataset in R 
(R Core Team, 2013) in order not to include the rare genera that had less than 10% average 
relative abundance and low statistical support (Esteves et al., 2016). The resulting datasets 
had 30 classes and 61 genera (Table II.6.2.). 

Table II.6.2. The number of classes and genera in different sampling layers. 

Layer Number of classes Number of genera 

Surface 11 28 

Thermocline 12 29 

Fluorescence maximum 12 22 

Nutrient maximum 12 25 

Oxygen minimum 13 16 

H2S 16 18 

Sediments 20 15 

Total 30 61 

 

The most abundant genera present at the surface and the thermocline were Flavobacterium 
(10.4% sequences on average among the surface samples and 10.14% among the thermocline 
samples), Synechococcus (10.07% sequences on average among the surface samples and 
13.5% among the thermocline samples) followed by Candidatus pelagibacter (9.4% sequences 
on average among the surface samples and 8.37% among the thermocline samples) (Table 
II.6.3, Figure II.6.2). Aquatic Flavobacterium are known to be chemoheterotrophs playing a 
role in mineralizing different types of organic matter such as carbohydrates, amino acids, 
proteins, and polysaccharides in aquatic ecosystems (Bernadet et al., 2006). Synechoccocus is 
the genus belonging to Cyanobacteria, whose members are considered to be the major 
contributors to the total photosynthetic biomass in the oceans (Uysal, 2006). Candidatus 
pelagiacter belongs to the abundant SAR11 marine bacterioplankton clade, which dominates 
most natural ecosystems (Rappe et al., 2002), contributes signifcantly to the overall 
connectedness of marine microbial plankton communities (Steele et al., 2011) and plays role 
in the carbon cycle recycling the dissolved organic carbon (Carlson et al., 2009). The other 
genera observed in the surface and thermocline layers include: Marinobacter (belong to 
hydrocarbon-degrading consortia, play a role in carbon cycle and can live in a variety of 
ecological conditions) and Oceanibaculum (play a role in nitrogen cycle, are known to reduce 
nitrate to nitrite). Roseobacter genus was only detected in significant percentages in the 
samples from thermocline layer. It has been shown that the main function of the members of 
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these genus in marine environment is dimethylsulfoniopropionate (DMSP) degradation. 
Interestingly, Roseobacter are often found to be associated with dinoflagellates, one of the 
major producers of dimethylsulfoniopropionate (DMSP), and the data suggest they may play 
a role in formation of dinoflagellates’ toxins (Gonzalez et al., 1999, Miller et al., 2004).  

The samples from fluorescence maximum layer were compositionally different from the two 
upper layers (Figures II.6.2. and II.6.3.).  

 

 

Figure II.6.2. The distribution of classes among the samples from different depths. 
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Figure II.6.3. The distribution of genera among the samples from different depths. 

 

The dominating genus was Synechococcus (14.9%) from Cyanobacteria class. Flavobacterium 
members were abundant as well (11.4%). Yet, there were several genera that were not 
present at the surface and thermocline layers: Streptomyces (8.31%), Planktomyces (3.56%), 
Moraxella (3.36%) and Verrucomicrobium (3.05%). Streptomyces is the most abundant genus 
of Actinobacteria in marine environment, however its ecological role has not been studied yet 
(Dalisay et al., 2013). Planctomyces belong to the phylum Planctomycetes, the members of 
which known to be capable of anaerobic ammonium oxidation (Kirkpatrick et al., 2006). 
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Planctomyces have been observed in the Black Sea both within the oxic (aggregate-attched) 
and anoxic (free-living) zones (Fuchsman et al., 2012). The members of this genus are 
considered to have an important ecological function by performing the initial aerobic 
breakdown of complex organic matter into simpler compounds (Glockner et al., 2003). 
Moraxella belongs to Gammaproteobacteria and is known to produce paralytic shellfsh toxins 
(Kodama et al., 1990, Doucette et al., 1995). The Verrucomicrobia belong to 
Gammaproteobacteria and they have previously been observed in cyanobacterial blooms, 
suggesting that they are capable of the assimilation of cyanobacterial extracellular polymeric 
substances (Mou et al., 2013; Bagatini et al., 2014, Woodhouse et al., 2016). The fact that 
Verrucomicrobia are only significantly abundant at the layer of Cyanobacteria dominance 
might arise from this relationship. 

The samples from nutrient maximum layer were significantly different in terms of their 
composition, which corresponds to the varying chemical parameters at this layer (Figures 
II.6.3 and II.6.4). Cyanobacteria were much less abundant (3.74%), whereas Aciditerrimonas 
of class Actinobacteria was dominating (10.06%). Aciditerrimonas members are facultative 
anaerobes and were shown to be capable of dissimilatory reduction of ferric iron (Itoh et al., 
2011, Sun et al., 2015). Wolinella genus of Epsilonproteobacteria class was detected at 
nutrient maximum layer kept increasing in relative abundance in oxygen minimum (11.69%) 
and H2S (21.1%) samples, which is consistent with the decrease in O2 and increase in H2S 
concentration (Figure II.6.1). Wolinella is known to undergo anaerobic fumarate respiration 
with either H2 or HS- as electron donor: HS- + fumarate + H+ -> [S] + succinate (Kröger et al., 
2002).  

Wolinella was the most dominant genus at the oxygen minimum layer followed by 
Aciditerrimonas (10.55%) and Candidatus pelagibacter (8.07%) (Figure II.6.4). Sulphur 
oxidising bacteria of Thioprofundum (6.06%) and Candidatus thioglobus (3.93%) genera were 
detected at this depth. Thioprofundum genus includes chemolithoautotroph sulfur oxidising 
bacteria, that use reduced sulfur compounds as the electron donors, and NO3 and O2 as the 
electron acceptors (Akai et al., 2009). Candidatus thioglobus found in oxygen minimum zones 
is suggested to mediate biogeochemical cycles in anoxic fjords, upwelling zones, and sulfidic 
regions, like the Black Sea (Shah et al., 2015, Marshall & Morris, 2015). The members of 
Prosthecochloris genus appeared in vast quantity (30.59%) in one of the samples in oxygen 
minimum zone. Prosthecochloris are green sulphur bacteria and they occupy specific 
econiche, as they need both light and sulfide, which they use as an electron donor (Kumar et 
al., 2009). 

The members of the genera abundant in H2S zone utilise different metabolic strategies, yet 
they all benefit from the presence of H2S. The relative abundance of Prosthecochloris 
decreased with the depth in H2S zone, which is dominated by Wolinella genus (21.1%). Among 
the other abundant genera are: Thioprofundum (6.61%), Sulfurimonas (5.025%), 
Desulfobacterium (4.52%), Dehalococcoides (3.81%) and Nitrosovibrio (3.77%). The members 
of Desulfobacterium couple sulfate reduction to the oxidation of aliphatic hydrocarbons, 
aminobenzoates, aniline, and other aromatic compounds (Vetriani et al., 2003). Sulfurimonas 
are denitrifying bacteria that use S, H2S, H2 as electron donors and NO3,NO2, O2 as electron 
acceptors (Glaubitz et al., 2010). They utilise CO2 as carbon source responsible for dark CO2 
fixation activities in the upper sulfidic layer of the Black Sea redoxcline (Grote, 2011). 
Nitrosovibrio genus includes includes ammonia-oxidising bacteria (Ida et al., 2004).  

The putative mechanism of these process is sulfate-reducing anaerobic ammonium oxidation 
with SO4

2- as an electron acceptor (Rikmann et al., 2012). The members of Dehalococcoides 
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genus were first observed in H2S layer and then were dominant in the sediments (26.85%). 
Dehalococcoides are organohalide-respiring bacteria known for a narrow set of ecological 
requirements that limits their distribution to environments, where strictly anoxic conditions 
prevail (McMurdie et al., 2009). Their metabolism results in reductive elimination of chlorides 
from organochlorines, many of which are priority pollutants (Löffler et al., 2013). 

The sediments samples were different from all sea-water samples in terms of their 
composition and were strongly dominated by the Dehaloccocoidia (27.9%) and 
Deltaproteobacteria (20.36%) (Figure II.6.4.). Clostridia were abundant as well (8.78%). 
Dehalococcoides were followed by Desulfobacterium and Acidaminococcus genera with the 
respective relative abundances of 4.85% and 3.40% in the samples from sediments. 
Acidaminococcus are strictly anaerobic bacterium that degrade glutamate via the 
hydroxyglutarate pathway to ammonia, carbon dioxide, acetate, butyrate and molecular 
hydrogen (Hans et al., 2000). Chloroflexus genus members that constitute up to 10.23% in the 
sediments samples, are common in hot springs and marine sediments and involved in carbon 
cycling. They are known to benefit from sulphide, which they use as an electron donor (Hug 
et al., 2013). The members of Moorella genus, which had the maximum relative abundance of 
6.84% in the sediments samples, utilise thermoacetia's acetyl-CoA pathway and thus are 
centrally important for the turnover of carbon (Drake&Daniel, 2004). 

Table. II.6.3. Relative abundance of the dominant bacteria genera.  

Layer Class Dominant genera Min relative 
abundance 

(%) 

Max relative 
abundance 

(%) 

Average 
relative 

abundance (%) 

Reference 

S
u

rf
ac

e
 

Flavobacteria Flavobacterium 3,78 22,1 10,4 Bernadet et al. 2006 

Cyanobacteria Synechococcus 0,3 23,65 10,07 Uysal 2006 

Alphaproteobacteria Candidates 
pelagibacter 

3,4 14,3 9,4 
Carlson et al. 2009 
Steele et al. 2011 

Alphaproteobacteria Oceanibaculum 0,25  10,88 6,5 Lai et al. 2009 

Gammaproteobacteria Marinobacter 2,03 7,1 4,97 Brito et al. 2006 

Alphaproteobacteria Candidatus 
puniceispirillum 

0,1  6,44 3,4 
Oh et al. 2010 

T
h

er
m

o
cl

in
e 

Cyanobacteria Synechococcus 0,39 30,5 13,5 * 

Flavobacteria Flavobacterium 4,9 23,6 10,14 * 

Alphaproteobacteria Candidates 
pelagibacter 

0,99 13,01 8,37 
* 

Alphaproteobacteria Candidates  
puniceispirillum 

0,18 7,08 6,3 
* 

Gammaproteobacteria Marinobacter 1,3 10,6 5,2 * 

Alphaproteobacteria Oceanibaculum 0,24 10,28 4,8 * 

Alphaproteobacteria Roseobacter 
1,03 32,9 4,6 

Gonzalez et al. 1999 
Miller et al. 2004 

Alphaproteobacteria Planktomarina 0,25 9,36 3,03 Giebel et la. 2013 

F
lu

o
re

sc
en

ce
  

m
ax

im
u

m
 

Cyanobacteria Synechococcus 0,23 26,65 14,9 * 

Flavobacteria Flavobacterium 5,52 17,86 11,5 * 

Actinobacteria Streptomyces 
2,63 18,79 8,31 

Dalisay et al. 2013, 
Xinpeng et al. 2016 

Alphaproteobacteria Candidates 
pelagibacter 

2,18 10,86 5,95 
* 
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Layer Class Dominant genera Min relative 
abundance 

(%) 

Max relative 
abundance 

(%) 

Average 
relative 

abundance (%) 

Reference 

Planctomyces Planctomyces 
0,01 10,27 3,56 

Kirkpatrick et al. 2006,  
Fuchsman et al. 2012 

Gammaproteobacteria Moraxella 3,15 4,76 3,36 Doucette 1995 

Gammaproteobacteria Marinobacter 1,17 6,66 3,11 * 

Verrucomicrobia Verrucomicrobium 
1,52 6,12 3,05 

Mou et al., 2013;  
Bagatini et al., 2014,  
Woodhouse et al. 2016 

N
u

tr
ie

n
t 

m
ax

im
u

m
 

Actinobacteria Aciditerrimonas 
0,57 20,70 10,06 

Itoh et al. 2011, Sun et 
al. 2015 

Alphaproteobacteria Candidatus  
pelagibacter 

0,93 11,93 7,99 
* 

Flavobacteria Flavobacterium 1,5 11,56 7,8 * 

Epsilonproteobacteria Wolinella 0,1 21,74 6,37 Kröger et al. 2002 

Planctomycetes Algisphaera 0,2 14,22 4,74 Yoon et al. 2014 

Cyanobacteria Synechococcus 0,20 18,02 3,74 * 

O
xm

in
 

Epsilonproteobacteria Wolinella 2,35 27,54 11.69 * 

Actinobacteria Aciditerrimonas 1,45 20,44 10.55 * 

Alphaproteobacteria Candidatus  
pelagibacter 

2,45 15,38 8.07 
* 

Flavobacteria Flavobacterium 1,53 14,06 6.87 * 

Gammaproteobacteria Thioprofundum 0.95 23.97 6.06 Akai et al. 2009 

Gammaproteobacteria Candidatus 
thioglobus 

0.7 8.47 3.93 
Shah et al. 2015 
Marshall & Morris 2015 

Chlorobea Prosthecochloris 0.04 30.59 3.85 Kumar et al. 2009 

Phycisphaerae Algisphaera 0,62 6,34 3.66 * 

H
2S

 

Epsilonproteobacteria Wolinella 7,989 30,23 21.1 * 

Chlorobea Prosthecochloris 0.076 26,26 9.8 * 

Gammaproteobacteria Thioprofundum 0.04 11.81 6.61 * 

Epsilonproteobacteria Sulfurimonas 
0.04 21,77 5.025 

Glaubitz  et al. 2010, 
Grote et al. 2011 

Flavobacteria Flavobacterium 0.91 14.23 4.92 * 

Deltaproteobacteria Desulfobacterium 0.66 15.38 4.52 Vetriani et al. 2003 

Dehalococcoidetes Dehalococcoides 
0.66 9.29 3.81 

McMurdie et al. 2009, 
Löffler et al. 2013 

Betaproteobacteria Nitrosovibrio 0.02 11.95 3.77 Ida et al. 2004 

Alphaproteobacteria Candidatus  
pelagibacter 

0.12 15.86 3,06 
* 

S
ed

im
en

ts
 

Dehalococcoidetes Dehalococcoides 12.94 44.85 26.85 * 

Deltaproteobacteria Desulfobacterium 2.31 8.44 4.85 * 

Negativicutes Acidaminococcus 1.94 6.17 3.40 Hans et al. 2000 

Chloroflexi Chloroflexus 1.28 10.23 3.06 Hug et al. 2013 

Clostridia Moorella 1.33 6.84 2.90 Drake&Daniel 2004 
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II.6.3.2 Distribution of bacterioplankton in JOSS RF and NPMS RF 
12-months monitoring 

II.6.3.2.1 JOSS RF 

 
Figure II.6.4. Vertical distribution of abundance (left) and biomass of bacterioplankton 

(right) along the 95-miles longitude transect in JOSS RF.  
Left sides on the panel - center of the sea, right sides - shelf. Upper X-axis shows number 

of stations; lower X-axis shows latitude. 

 

On the 95-mile transect from the sea centre to Caucasian coast the total cell numbers were 
low varying from 0.08 to 0.37 × 106 cell/l (Figure II.6.4., left). On the average for the water 
column cell numbers was equal to 0.22 × 106 cell/l. Maximum values on stations (0.25 - 0.3 × 
106 cell/l) were observed in the upper layer 0 - 20 m. Highest abundance was recorded in the 
sea center in the upper 10-m layer. 

The total bacterioplankton biomass varied from 1.34 to 3.77 µg C/L averaging for the water 
column 3.1 µg C/L (Figure II.6.4, right). Typically, high values were observed in the upper part 
of the seasonal thermocline at depths from 10 to 20 m. Next layer with high biomass of 
bacterioplankton was located at the depths of 35 - 45 m, where the maximum in fluorescence 
of chlorophyll-a was registered along the whole transect.  

 

II.6.3.2.2 NPMS RF 12-months study  

In 2016 bacterioplankton was collected from May to November six times at a sampling site 
with the seabed of 500 m (see map in Chapater I). Vertical profile consisted of six depths. 
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Figure II.6.5. Vertical distribution of abundance  
(a) and biomass of bacterioplankton  (b) on 500-m station on the Gelendzhik shelf in 2016.  

Dates of sampling are shown on the upper X-axis.  

 

From May to December bacteria were represented by sticks 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 stick, vibrion and coccus predominated in the 
community averaging by numbers 80%. The share of medium and large cells increased with 
depth. This distribution was observed during all seasons.  

From May to December the total numbers of bacteria in the water column varied   from 0.15 
to 0.95   × 106 cell/l (Figure II.6.5.a). In May, bacterioplankton was distributed evenly with the 
average of 0.34 × 106 cell/l. In June, abundance of bacterioplankton increased to 0.57 × 106 
cell/l with the maximum at depth of 20 m. In July, the total cell numbers was close to June 
values (0.5 × 106 cell/L). Maximal abundance (0.7 × 106 cell/l) was recorded in August showing 
high values in the whole water column. In autumn the total numbers of bacteria decreased in 
the upper 25-m layer. Maximal abundance (up to 0.5 × 106 cell/l) occurred at depth of 30 - 40 
m. Biomass of bacterioplankton changed from May to December from 5 to 45 µg C/L. Spatial 
distribution of biomass generally repeated that of abundance.  

 

  

Figure II.6.6. Vertical distribution of abundance (a) and biomass of bacterioplankton (b) 
along the 4-miles transect on the Gelendzhik shelf in June 2016. The bottom depths on 

stations are shown on the upper X-axis.  
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Within the frame of the national programs samples on bacterioplankton were collected on 
stations located on the shelf at sea bottom depths of 10, 30, 100 and 200 m. Vertical 
distribution of bacteria numbers on this transect in June 2016 showed decrease in cell 
abundance from coast to the open sea in the upper 10-m layer (Figure II.6.6.a). Highest 
abundance (0.7 - 1 × 106 cell/l) and biomass (30 -50 µg C/L) were observed in the seasonal 
thermocline on all stations of the transect (Figure 3).  Thus, bacteriolankton quantitative 
characters and vertical distribution were similar on the most part of the shelf, showing that 
the monitored site at 500-m seabed was quite representative for this shelf area.  

 

II.6.5 Conclusions 

The analysis of the sea-water and sediments samples collected during the Joint Open Sea 
Survey in May-June 2016 revealed the taxonomy and relative abundance of microorganisms 
at different depths. The upper horizons were dominated by Cyanobacteria of Synechococcus 
genus and Flavobacteria of Flavobacterium genus. The genera abundant at surface and 
thermocline were responsible for carbon and nitrogen cycling and dependent on light and 
aerobic conditions. The samples from these two layers had similar taxonomic pattern, which 
is in accordance with the vertical mixing. The samples from fluorescence maximum layer were 
compositionally different from the two upper layers, yet they were still dominated by 
Synechococcus. Planctomycetes capable of anaerobic ammonium oxidation appeared at this 
depth. Interestingly, we could observe a potential relationship between abundant 
Cyanobacteria and Verrucomicrobia at fluorescence maximum, which is in line with the 
previous observation of Verrucomicrobia in cyanobacterial blooms and the ability of this genus 
members to utilise cyanobacterial extracellular polymeric substances. The last layer, where 
Cyanobacteria could be detected was nutrient maximum. The samples from this layer were 
significantly different from the upper layers and dominated by the anaerobes. The samples 
from oxygen minimum were characterised by the presence of sulfur oxidising bacteria and 
green sulphur bacteria of Prosthecochloris genus, which have narrow econiche and cluster at 
chemocline. The genera abundant in H2S zone were characterised with varying metabolic 
strategies, yet they all benefit from the presence of H2S. The microbial communities at this 
layer featured sulfate-reducing, denitrifying, anaerobic ammonium oxidating and 
organohalide-respiring bacteria. The sediments samples were strongly dominated with 
organohalide-respiring and sulphate reducing bacteria, and included genera known to play a 
role in carbon cycling.  

Our analysis yielded the taxonomic distribution of microorganisms with their potential 
functions on various depths. Yet, so far this is just the first insight in their role in 
biogeochemical cycles and further research is needed in order to estimate their function. 
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II.6.6 Gaps 

The nature of Black Sea microbial diversity remains an important issue for further exploration. 
Indeed, the taxonomic diversity is just the first step of the analysis that lays the background 
for the subsequent research of microbiome functions. The presence or absence of the 
particular OTU gives the insight into the potential role of this OTU in biogeochemical processes 
at a certain depth, yet it does not indicate that this role and this function are actually being 
performed at the certain geographical and time point. Therefore the main gap is the 
metatranscriptome study of Black Sea microbial communities. 

 

II.6.7 Recommendations 

To conduct the metatransciptome study of Black Sea microbial communities in order to 
describe the horizontal distribution of genes responsible for the certain processes in 
biogeochemical cycles and the role and function of the particular Black Sea microbial groups 
in microbial loop and in food webs in general. 

To implement the methods of total bacterial count and biomass estimation simultaneously 
with metagenomic and metatransciptomic analysis at the same geographical and time scale.  
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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 
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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 
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.  

Unfortunately, no information on NIS in phytoplankton, macrophytes and macrozoobenthos 
was provided at the time of writing this report. However, the data are available and the report 
will be completed in the nearest future. 
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III.2 Materials and methods 

Unfortunately, results of processing gelatinous macrozooplankton samples were not provided 
on time and therefore could not be included in the report. For this reason, data on 
mesozooplankton from Georgian shelf are not completely represented.  

In the MISIS report the values of indicators (metrics) of aquatic habitats status on the basis of 
NIS were presented in two-point MSFD scale. Thresholds for assessment of invasive species 
and other characteristics of mesozooplanktonwere presented in the Chapter II.2 Zooplankton 
and they are shown in Table III.2.1. 

The presented data are preliminary and will be completed in the near future. 

Table III.2.1. Metrics and significance of their thresholds for the marine waters on the basis 
of zooplankton characteristics (according to the MSFD). 

Water quality indicators Sea areas Thresholds significance 

GES LES 

B, mg·m-3 Coastal waters 280-550 < 280 
 

Shelf waters 130-300 < 130 
 

Open sea 50-150 < 50 

CB, % 
 

≥ 42 < 42 

N.sci, % 
 

≤ 30 > 30 

SH, bit·ind-1 Coastal + shelf ≥ 3,0 < 3 
 

Open sea > 2,5 < 2,5 

NIS, % 
 

≤ 10 > 10 

Note. GES- good environmental status, LES- low environmental status, CB – biomass of Copepoda, N.sci.- biomass 
of Noctiluca scintilans, SH- Shennon-Weaver index (measure of total biodiversity), NIS- biomass of non-
indigenous species. 

 
Unfortunately, as the results of difficulties in identification of A. clausi and A. tonsa on 
different stages of their development the experts of Ukraine and Georgia counted these 
species together. In this regard, the percentage of NIS species from total biomass of 
mesozooplankton found by the total biomass of the three species of copepods: A. clausi, A. 
tonsa and O. davisae. 
 

III.3 Results and discussion  

The quality of marine environment in the investigated areas was rated using thresholds 
biomass of mesozooplankton copepods using results from processing of the samples collected 
during the JOSS GE-UA, NPMS UA and NPMS GE (Table III.2.2.). Separately, the water quality 
of investigated areas during RV "Mare Nigrum" expedition was assessed by the biomass of the 
ctenophore M. leidye, which belong to macrozooplankton (Table III.2.3.). 

Environmental status was assessed by two-point scale according to the MSFD. It turned out 
that about 58% of the investigated sites was in poor status according to the characteristics of 
the state of mesozooplankton and even 43% if take into consideration the biomass of M. 

leidye. The investigated areas can be located in the sequence that corresponds to the decrease 
of water quality as follows: NPMS GE, JOSS GE-UA and NPMS UA. It should be noted that the 
results assessment of water quality on the basis of invasive species did not match the results 
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presented in the Chapter II.2. Zooplankton, where habitat ecological status was assessed with 
the help of other indicators. The low environmental status (LES) based on the assessment of 
NIS index corresponded to ca. 37% of the investigated stations; this increased to 56% when 
other indicators of mesozooplankton status were used (Table III.2.4.). 

Table III.2.2. Characteristics of marine water quality (WQ) on the basis of different 
mesozooplankton indicators in the upper layer of the Black Sea. 

N Station B, mg·m-3 WQ 
 

CB,  
% 

WQ 
 

N.sci.,  
% 

WQ 
 

NIS,  
% 

WQ 
 

Northwestern Black Sea shelf (NPMS UA) 

1 8.730 LES 22.1 LES 28.4 GES 6.5 GES 

2 19.880 LES 22.1 LES 9.1 GES 15.4 LES 

3 29.220 LES 21.8 LES 50.9 LES 16.7 LES 

4 41.250 LES 9.4 LES 60.1 LES 6.4 GES 

5 35.420 LES 8.2 LES 24.5 GES 8.2 GES 

6 109.340 LES 7.4 LES 79.4 LES 3.9 GES 

7 72.680 LES 48.5 GES 23.9 GES 16.9 LES 

8 77.230 LES 40.9 LES 56.2 LES 24.0 LES 

9 35.080 LES 73.5 GES 22.7 GES 89.7 LES 

10 11.900 LES 48.1 GES 0.0 GES 82.6 LES 

11 56.170 LES 77.1 GES 8.9 GES 206.6 LES 

12 13.810 LES 39.6 LES 0.0 GES 46.3 LES 

13 8.490 LES 35.4 LES 17.9 GES 19.9 LES 

14 8.540 LES 59.7 GES 0.0 GES 36.8 LES 

15 2.900 LES 75.2 GES 0.0 GES 79.0 LES 

Open sea area (JOSS GE-UA) 

1 25.6 LES 80.4 GES 0.0 GES 72.9 LES 

3 690.34 GES 9.0 LES 90.2 LES 6.4 GES 

7 131.31 GES 34.2 LES 60.8 LES 3.8 GES 

10 28.5 LES 97.8 GES 2.2 GES 33.6 LES 

12 27.3 LES 79.5 GES 2.1 GES 45.9 LES 

13 118.2 GES 7.9 LES 92.1 LES 6.2 GES 

16 76.2 GES 22.7 LES 75.3 LES 19.1 LES 

19 85.8 GES 69.7 GES 20.2 GES 53.2 LES 

21 897.05 GES 1.6 LES 96.8 LES 0.9 GES 

23 949.27 GES 8.1 LES 91.4 LES 5.1 GES 

24 38.1 LES 72.7 GES 0.6 GES 59.3 LES 

25 26.7 LES 27.5 LES 53.6 LES 25.8 LES 

Shelf zone of Georgia (NPMS GE) 

1 29.973 LES 52.5 GES 29.8 GES 31.8 LES 

2 50.924 LES 17.4 LES 4.3 GES 3.4 GES 

3 50.173 LES 24.1 LES 41.0 LES 20.1 LES 

4 25.429 LES 38.5 LES 11.2 GES 31.7 LES 

5 4.882 LES 38.9 LES 61.1 LES 34.0 LES 

6 12.426 LES 59.5 GES 0.0 GES 44.0 LES 

7 47.265 LES 74.3 GES 0.0 GES 18.0 LES 

8 91.685 LES 38.9 LES 11.1 GES 34.0 LES 

9 71.244 LES 39.5 LES 1.3 GES 28.5 LES 

10 5.991 LES 66.8 GES 9.3 GES 11.9 LES 

11 7.478 LES 85.0 GES 1.6 GES 48.4 LES 

12 31.789 LES 65.7 GES 21.3 GES 26.3 LES 

13-14 82.109 LES 85.2 GES 5.8 GES 17.1 LES 

15 68.412 LES 80.4 GES 9.7 GES 43.0 LES 

Note. Mesozooplankton indicators: B- total biomass, SB- Copepoda biomass, Noc- biomass of Noctiluca 
scintilans, NIS- biomass of non-indigenous species; LES- Low Environmental Status, GES- Good Environmental 
Status. 
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Table III.2.3. Characteristics of marine water quality on the base of macrozooplankton 
(Mnemiopsis leidyi biomass). 

№ 
station 

В, 
mg·m-3 

WQ № 
station 

В, 
mg·m-3 

WQ № 
station 

В, 
mg·m-3 

WQ 

NPMS UA JOSS NPMS GE 

1 0.000 GES 1 0.000 GES 1 5.967 GES 

2 0.000 GES 3 0.000 GES 2 47.463 GES 

3 0.000 GES 4 0.000 GES 3 11.223 GES 

4 0.000 GES 7 0.000 GES 4 5.085 GES 

5 0.000 GES 10 0.000 GES 5 23.452 GES 

6 0.000 GES 12 16.000 GES 6 7.648 GES 

7 0.000 GES 13 0.000 GES 7 29.625 GES 

8 0.000 GES 16 0.000 GES 8 20.156 GES 

9 0.000 GES 19 0.000 GES 9 19.983 GES 

10 2.000 GES 21 0.000 GES 10 36.647 GES 

11 0.000 GES 23 0.000 GES 11 12.403 GES 

12 0.000 GES 24 4.000 GES 12 21.209 GES 

14 2.000 GES    13-14 15.443 GES 

15 0.000 GES    15 30.210 GES 

 
Note. B- biomass of M. leidye, WQ- water quality, GES- Good Environment Status. 
 

Table III.2.4. Results of water quality assessment on various characteristics of zooplankton 
including biomass of non-indigenous species of copepods in the upper layer of the Black Sea. 

Zooplankton characteristics Stations with LES, % 

NPMS UA JOSS NPMS GE 

Mesozooplankton biomass, mg·m-3 100 42 100 

Copepoda biomass, % 60 58 43 

N. scintillans biomass, % 27 58 14 

Non-indigenous copepoda specias biomass, % 73 58 93 

Non-indigenous comb jelly M. leidye, g·m-3 0 0 0 

Average 52±18 43±11 50±20 

Note. LES- Low environment status, NPMS UA- national pilot monitoring stations in Ukraine, JOSS- joint open 
sea stations, NPMS GE- national pilot monitoring stations in Georgia. 

 

There could be three reasons that led to such results. Firstly, both Copepod species are 
widespread and were found in virtually all samples. Their share in the total biomass of 
zooplankton exceeded by far the threshold of 10%. After the first registration of Oithona 
davisae in 2001, it was originally defined as Oithona brevicornis (Zagorodnyaya, 2002) by the 
experts of Georgia and Ukraine in AG CBD report of the BSC. In 2011-2012 there have been 
cases when this species represented 90% of abundance and 80% of the biomass of all 
Copepods in plankton community with maximum numbers in the range from 7800 to 39000 
ind·m-3. This chronology of invasive quantitative development can be considered as a norm 
(Olenin et al., 2007) and should therefore be reflected in the determination of their threshold 
values. The second reason is related to the difficulty of identifying the differences between 
other two species Acartia clausi and Acartia tonsa. For the first time A. tonsa was registered 
in the Black Sea in the samples that have been collected near Karadag in 1990 (Belmonte et 
al., 1994). However, as it turned out later, this species has been found also in samples 
collected much earlier in 1976 (Gubanova, 1997). Despite the publication of an article devoted 
to the description of the differences between these two species, their exact determination is 
possible only at the stage of mature individuals. In this regard in reports of all experts these 
two species do not differ, with the exception of an intercomparison exercise. The third reason 
was not successful time of expedition for assessing the quality of aquatic environment on the 
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base of M. leidye biomass. Quantitative development of this species depends on the water 
temperature. Therefore, the increase in biomass was observed synchronously with the 
advance of the expedition ship from west to east from the coast of Ukraine to the Georgian 
shelf.  It is no coincidence that in the Georgian Black Sea area M. leidye reached its maximum 
biomass (47.46 mg·m-3) and was registered at all stations (see Table II.2.4). However, this value 
was in ten times lower than the threshold value for registration Low environment status. For 
such characteristic of water quality as the biomass of M. leidye it is necessary to determine 
the period of time during which this indicator is possible to use, or take this factor (water 
temperature) into account during planning the monitoring expedition. 
 

III.4 Conclusions 

• The results of research should be complemented by observations of gelatinous 
plankton, first of all quantitative development of Mnemiopsis leidye and Beroe ovata. 

• For such characteristic of water quality as the biomass of M. leidye it is necessary to 
determine the period of time during which this indicator is possible to use, or take this 
factor into account during planning the monitoring expedition. 

• Extremely important is the analysis of invasive species from other groups of organisms: 
phytoplankton, macrophytobenthos, macrozoobenthos. Final EMBLAS II report should 
be supplemented by these data. 

 

III.5 Gaps and Recommendations 

• Quality assessment indicators of the marine environment by invasive species should 
cover not only the water column, but also the bottom habitats. 

• The preference should be given to the integral biological indicators of water quality. 

• The selected indicators should take into account not only the peculiarities of 
quantitative development of invasive species, but the process of their naturalization 
in the Black Sea. 
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IV.1 Introduction 

V. Ukrainskyy1 
1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

 

There are several key factors of anthropogenic influence on Black Sea ecosystem. Among them 
toxic and biotic pollution and of course marine water eutrophication (Zaitsev, 1998). 
Eutrophication is a result of the process caused by increasing of nutrients, leading to high 
growth of microalgae (phytoplankton), so-called algal bloom. The algal bloom results in 
decreasing of water transparency and developing of hypoxic or anoxic conditions under the 
pycnocline in shelf zone in the warm time of the year. Oxygen concentration reduction in 
bottom waters caused by its usage for biochemical combustion of organic matter stored there. 
Hypoxia and anoxia are usually observed under the conditions of eutrophication and lack of 
oxygen and weak up-and-down water exchange caused by vertical stratification. 

All regional seas of Europe face the problem of increasing nutrient load and eutrophication. 
Unwelcome result of this process is the increasing of phyto biomass and production, that is 
well illustrated by chlorophyll-a concentration (Figure IV.1.1.). 

 

 

Figure IV.1.1. Composite satellite image of the chlorophyll-a concentration in the Black, 
Azov and Marmara Seas on 19-22 of May 2016. Red colour points represent the highest 
value of chlorophyll-a, yellow, green and blue show its gradual decreasing. Origin: JRC, 

http://marine.jrc.ec.europa.eu/ 

 

High levels of chlorophyll-a concentration are good marker of eutrophication and point the 
part of sea harmed by it. 

The word “eutrophication” means “good nutrition” translated from ancient Greek language 
“εὐτροφία”.  A lot of studies of eutrophication all over the world showed the main role of 
nitrogen (N) and phosphorus (P) in this phenomenon. High amount of nutrients (N, P and some 
organic compounds) may cause unwelcome consequences like structural and functional 
changes of marine ecosystems and their stability. The other effect is shift of ratio of dissolved 
inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP) in water. Optimal ratio 
DIN/DIP for phytoplankton growth, so-called Redfield’s ratio, is 16:1 (based on molecular 

concentrations) (Redfield, 1958). Deviation from Redfield’s ratio could influence on primary 
production, concentration of phytoplankton, its biomass, species composition and trophic 
relations. 

http://marine.jrc.ec.europa.eu/
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The source of  biogenesis anthropogenic loadings to marine ecosystems are river run-off, 
sewage and industrial waste, fertilizer runoff from fields and vineyards, precipitation, 
groundwater and drainage water, hydraulic engineering, dredging and dumping of soil, 
abrasive destruction of the coasts and also secondary pollution with biogenic compounds 
from bottom sediments. Main ones from that list are thought to be river run-off and point 
sources of waste water in coastal zone. Simplified conceptual model for N and P nutrients 
circulation taken from Baltic Sea Environment Proceedings No. 115 with adaptation for Black 
Sea shelf are presented on Figure IV.1.2.  

 

Figure IV.1.2. Simplified conceptual model for N and P nutrients in the Black Sea, where 
DIN = Dissolved inorganic nitrogen, TN = Total nitrogen, DIP = Dissolved inorganic 

phosphorus and TP = Total phosphorus.  

Flows along arrows into the blue sea area tend to increase concentrations, and flows along 
arrows out from the sea act in the opposite direction. Management refers to nutrient load 

reductions. 

 

It is known that high level of anthropogenic impact on the Black Sea lead to degradation of its 
open sea and coast ecosystems. It is particularly noticeable in the north-western Black Sea 
shelf area, where the mouths of such rivers as Danube, Dnieper, Dniester and Southern Bug 
are located. These rivers make about 80% of total run-off into Black Sea. Large-scale hypoxia 
events and benthic organism suffocation have been present since 1970th at large areas of the 
north-western Black Sea shelf. As a result of eutrophication about 100 - 200 tons of aquatic 
organisms including 10 - 15 tons of fish have been lost (Zaytsev, 1992). Degradation of 
Phillophora and mussel community area and biomass is an example of eutrophication in the 
north-western Black Sea shelf area (Zaytsev, 1992, 1998; Sea USSR, 1990). 

“The Convention on the Protection of the Black Sea against Pollution” was established by 
countries of the Black Sea region in Bucharest in 1992. Thanks to co-operative efforts of 
European Union and Black Sea countries during last decades, there could be seen some results 
of ecosystem recovery and decrease of organic loading from the Danube (Figures IV.1.3., 
IV.1.4.).  



Scientific Report – Joint Black Sea Surveys 2016 

 

228  

 

Figure IV.1.3. Long-term dynamics of total phosphorus run-off (TP) in the delta of Cilia 
branch of the Danube River. 

 

Figure IV.1.4. Long-term dynamics of total inorganic nitrogen run-off (DIN) in the delta of 
Kilia branch of the Danube River. 

The reduction of nutrient loading into the Danube River have been noticed since the middle 
of 90th and the beginning of 21st century. The tendency of total phosphorus influence is easy 
to see on Figure IV.1.3. According to the data on changing of annual primary production 
(Loyeva, 2008) both in the shelf and open sea zones the contemporary period could be 
characterised as de-eutrophication (Yunev, 2011) or oligotrophication in English terms (Nixon, 
2009). The results of nutrients inputs calculations for the Cilia branch of the Danube River are 
presented in Table IV.1.1. 

Table IV.1.1. Danube’s nutrients input (2012-2016) – Ukrainian region. 

Parameter 2012 (t/y) 2013 (t/y) 2014 (t/y) 2015 (t/y) 2016 (t/y) Average (t/y) 

P(P04) 3706.1 4057.8 8128.6 6748.2 8358.4 6199.8 

N(NO2) 3191.4 2606.0 3010.2 5816.6 3273.9 3579.6 

N(NO3) 129713.9 94644.8 157235.3 89179.8 144042.3 122963.2 

N(NH4) 15236.2 3067.7 8820.7 1447.7 14355.3 8585.5 

Nutrient loads into Danube River compared to ones of eutrophication period (1970th-1980th) 
decreased by 5-10 fold for PO4

3-, NO2
-, NH4

+ and by 1,5 fold for NO3
- (Figure IV.1.3.).  

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 minimised, 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).  
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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 Description of the land-based sources 

V. Komorin1 

1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

 

Description of the land-based sources is based on results obtained within the framework of 
the project “Integrated hotspots management and saving the living Black Sea ecosystem” – 
HotBlackSea (Grant agreement No. 2.2.1.72761.225 MIS-ETC 2303, Black Sea Cooperation 
Programme) and is assigned for identification, assessment and ranking of Hot Spots, located 
within the Black Sea catchment area and having impact on the status of the Black Sea. 

During fulfillment of the HotBlackSea Project the following main results were developed:  

• Revision and finalisation of the draft regional Methodology for identification and 
prioritisation of Hot Spots (see http://bs-hotspots.eu/Documents/Deliverables/Hot 
%20Spots% 20Methodology.pdf). 

• Rivers' monitoring strategies harmonisation (http://bs-hotspots.eu/Documents/ 
Deliverables/ Rivers %20Monitoring%20Report.pdf).  

• Promotion of market-based instruments for water pollution control based on 
examination of International experiences in view of their relevance to the Black Sea 
coastal states (see http://bs-
hotspots.eu/Documents/Deliverables/Economic_Instruments %20in%20 the% 20BS% 
20region.pdf; http://bs-hotspots.eu/Documents/Deliverables/ Economic % 
20Instruments%20Compendium). 

 

In compliance with LBSA Protocol (2009, http://www.blacksea-
commission.org/_od_LBSAProtocol.asp), Hot Spot (HS) means a limited and definable local 
land area, stretch of water surface or specific aquifer that is subject to excessive pollution and 
necessitates priority attention in order to prevent or reduce the actual or potential adverse 

http://www.blacksea-commission.org/_od_LBSAProtocol.asp
http://www.blacksea-commission.org/_od_LBSAProtocol.asp
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impacts on human health, ecosystems or natural resources and amenities of economic 
importance. Main land-based sources of the Black Sea “hot spots” (a); river run-off (b) are 
presented in Figure IV.2.1. 

 

 

 

 

 

 

 

 

 

Figure IV.2.1. Main land-based sources of the Black Sea “hot spots” (a); river run-off (b). 

For the purposes of this Methodology, the Hot Spots are considered as Point sources on the 
coast of the Sea, which potentially affect human health, ecosystems, biodiversity, 
sustainability or economy in a significant manner. They are the main points, where high levels 
of pollution loads originating from domestic or industrial sources are being discharged. Also 
urban surface run-off from the territory of a city/town/settlement is considered as a Hot Spot 
no matter through how many discharge collectors it enters the Black Sea or connected 
river/lake. Meanwhile and obviously, Hot Spot is not only the point source itself, but also the 
receiving environment, which is affected. The quality of the later (environmental and socio-
economical) is taken into consideration in Hot Spots identification and especially in 
prioritisation. 

River run-off is the main source of pollutants stemming to the Black Sea (though more recently 
atmosphere is considered to be of nearly equal share in the budgets of nutrients and some 
harmful chemicals). For instance, UA rivers supply appr. 70% of all phosphorus compounds 
discharged into the Black Sea.  

Discharge of eutrophicants with the main flows, as well as the leading role of the Danube River 
comprising about 80% of the total river flow, 79% of suspension, 85% of nitrite nitrogen, 81% 
of nitrate nitrogen, 89% of ammonium nitrogen and 87% of total phosphorus has been 
assessed. 

Thus, when elaborating the list of Hot Spots it is necessary to include in it not only sources of 
pollution along the coastline, discharging their wastewater directly into the sea, but also those 
located in the catchment area of the Sea. Studies have shown that a source of pollution 
located 10 - 20 km upstream may have a much greater impact on the environment of the Black 
Sea than a small source of pollution discharging waste water directly into the sea.  

For Ukraine, the existing List of Hot Spots was compiled in 1996 and it included 10 WWTPs 
(both municipal and industrial ones). Due to changes in economic situation, currently this HSs 
list includes some non-operational industrial plants, so it needs update.  

Taking into account the new approaches and requirements of the HSs Methodology (HBS 
Project, 2015), a new list of key UA LBSs was compiled. It included 53 municipal and industrial 
WWTPs, located in the Black Sea catchment basin (see Figure IV.2.2.).  

a) b) 
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Figure IV.2.2. Land-based pollution sources,  

located in the Black Sea catchment basin - UA. 

 

After development of the HSs Methodology, UA candidate HSs were identified, assessed and 
the top-10 Hot Spots were defined. Pilot testing was performed two times. The comparison of 
existing HSs list and results of the first and second pilot testings are presented below. 

In preparation of this methodology, the draft Black Sea Commission HS Methodology was 
taken as a basis, as well as best available practices in the development of national and regional 
(Arctic Seas, MEDPOL, DABLAS, HELCOM, OSPAR) methods of identification, evaluation and 
ranking of point sources of pollution. 

Changing list of “hot spots” for Ukraine are presented in Table IV.2.2. List of pollutants from 
municipal and industrial LBS in UA are presented in Table IV.2.3. Main sources of pollution in 
the Odessa region are presented in Table IV.2.4. 

Table IV.2.2. List of “hot spots” of Ukraine. 

# Existing HSs lists HSs Methodology  

1 Pivdenni WWTP, Odessa Pivdenni WWTP, Odessa  

2 Pivnichni WWTP, Odessa Sevastopol WWTP  

3 Balaklava WWTP Mykolaiv WWTP  

4 Yevpatoriya WWTP Odessa urban surface run-off  

5 Sevastpol WWTP Sea commercial port of Illichivsk 

6 Yalta WWTP Balaklava WWTP  

7 Gurzuf WWTP Kherson WWTP 

8 Illichevsk WWTP Kerch WWTP  

9 Brom plant, Krasnoperekopsk  Yevpatoria WWTP  

10 Kamish Burunski iron ore, Kamish Burunsk  Yalta WWTP  
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Table IV.2.3. List of pollutants from municipal and industrial LBS in UA. 

Pollutants from Municipal discharges  Pollutants from Industry discharges  

BOD-5 mgO2/l  BOD-5, mgO2/l  

COD, mg/l  COD, mg/l  

Nitrate,mgN/l  Nitrate,mgN/l  

Nitrite,mgN/l  Nitrite,mgN/l  

Ammonia, mg N/l  Ammonia, mg N/l  

Phosphate, mg/l  Phosphate, mg/l  

TSS, mg/l  TSS, mg/l  

Iron, mg/l  Iron, mg/l  

Total zinc, mg/l  Total zinc, mg/l  

Copper, mg/l  Copper, mg/l  

Synthetic surface-active agents, mg/l  Synthetic surface-active agents, mg/l  

Petrolleum hydrocarbons,mg/l  Petroleum Hydrocarbons, mg/l  

Phosphorus, total mgP/l  Phosphorus, total mgP/l  

Methanol, mg/l  

Arsenic, mg/l  

Carbomides, mg/l  

Manganese, mg/l  

 

Table IV.2.4. Main sources of pollution in the Odessa region. 
Sources of pollution Water 

flow rate 

million 

m3/year 

Indicators 

BOD NO2 NO3 NH4 PO4 

t/year % t/year % t/year % t/year % t/year % 

Pivnichni WWTP, Odessa 75,7 609 32 13 43 551 23 136 38 356 52 

Pivdenni WWTP, Odessa 52,7 717 37 11 37 376 16 169 48 238 35 

Rainfall 2,0 246 13 1,0 3 4 <1 1,4 <1 0,4 <1 

Drainage outflow 19,4 103 5 0,4 1 426 18 8,3 2 3,1 1 

Industrial wastewater 36,2 167 9 0,7 2 349 14 3,2 1 - - 

 

Table IV.2.5. River loads of NWBS 

   2008 2009 2010 2011 2012 2013 2014 2015 

Annual Flow km3/year 241,2 254,99 359,79 213,74 213,99 289,17 273,88 222,1 

Nitrate (N-NO3) kilotonnes 228,184 232,885 306,262 233,945 186,427 295,63 270,503 199,1 

Nitrite (N-NO2) kilotonnes 4,615 5,863 6,209 4,2624 5,308 6,42 6,105 3,02 

Ammonia(N-NH4) kilotonnes 44,909 31,797 39,304 22,861 37,048 44,366 33,19 12,68 

Total Nitrogen 
(NH4+NO2+NO3) 

kilotonnes 277,708 270,545 351,775 261,068 228,783 346,416 309,798 214,8 

Total 
Phosphorus 

kilotonnes 30,674 32,123 47,284 34,569 28,944 33,217 32,289 22,37 

BOD-5 kilotonnes 625,02 511,065 713,5 397,032 440,636 564,354 360 329,6 

Hydrocarbons kilotonnes 1,508 2,466 1,626 0,969 0,811 2,469 0,499 0,3 

Phenols kilotonnes 0,439 0,048 0,368 0,218 0,205 0,282 0,267 0,219 

 

River and HS loads of Georgia are presented in Tables IV.2.5 and IV.2.6. according to Annual 
Reporting to the BSC 2015 provided by Georgia. 
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Table IV.2.5. River loads of Georgia. 

  
Rioni- 

Poti 

Chorokhi 

Mirveti 

Supsa 

Khidmagala 

Khobi 

Kulevi 

Nitrate kilotonnes 0,42 0,3 0,001  

Nitrite kilotonnes 0,02 0,55   

Ammonia kilotonnes 0,058 0,06   

SPM kilotonnes 8,0 0,42 0,02 0,01 

Hydrocarbons kilotonnes 0,09    

BOD-5 kilotonnes 0,81 0,24  0,01 

Orthoposphate kilotonnes 0,079    

Average Riverine Flow for the Year m3/sec 340 106   

Long Term Annual Average Riverine Flow m3/sec 399 283 45 51 

 
Table IV.2.6. Hot spots loads of Georgia. 

  Kutaisi Batumi Chiatura Poti Zestaponi Zuglidi 

Nitrate Kilot. 0,052   0,0501   

Nitrite Kilot. 0,012      

Ammonia Kilot. 0,069   0,001   

TSS Kilot. 32,20 5,14 46,86 0,19  0,12 

Hydrocarbons Kilot. 0,1813      

BOD-5 Kilot. 0,5153 0,3770  0,1328  0,01 

Manganes Tonnes   3,6    

Total P Kilot.  0,291     

Total N Kilot.  0,0510     

 

In the Figure IV.2.3, the official GE HSs (red marks) are presented, together with the Batumi 
Oil Terminal, which was found to qualify as a hot spot by the HBS Project. Possible candidate 
HSs are marked by yellow and blue.  

 

Figure IV.2.3. Land-based pollution sources, located in the Black Sea catchment basin - GE. 

 

Previously, the official HSs List of Georgia included also the Tskhaltobo WWTP (municipal); in 
2009 this LBS was excluded as its contribution to pollution was found minor.  
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Using the HSs methodology, all officially reported GE LBSs were confirmed as HSs, and the 
Batumi Oil Terminal was added to the List. The results of ranking are presented in Table IV.1.7. 
Dynamic of discharged waters is presented in Figure IV.2.4. 

Table IV.2.7. Results of ranking of sources of pollution in Georgia. 

Hot Spot name  Weighted total  Category  

Kutaisi municipal WWTP  24,4  1  

Batumi Oil Terminal  22,6  1  

Poti municipal WWTP  21,4  1  

Batumi WWTP  21,2  2  

Manganese ore mining and processing (Chiatura)  20,6  2  

Zestafoni ferroalloy factory  20,6  2  

Zugdidi municipal  17,2  2  

 

 

 

 

 

 

 

 

 

 
 
 

Figure IV.2.4. Dynamic of discharged waters. 
 
 

IV.3 Materials and methods 

Table IV.3.1. Parameters and numbers of samples. 

Parameter NPMS UA NPMS GE NPMS RF Kerch Strait 
JOSS UA-

GE 
JOSS RF 

Total 

Samples numbers 

Temperature 52 62 25 38 87  264 

Salinity 52 63 16 38 87  256 

pH 52 61 25 38 82  258 

O2 52 62 25 24 81  244 

TSS 16 23 - - -  39 

Transparency 15 13 8 19 12  67 

BOD5 12 - 22 24 8  66 

H2S - 9 - - 28  37 

P(PO4) 52 62 25 24 84  247 

Ptotal 52 61 25 24 83  245 

N (NH4) 52 62 25 24 83  246 

N (NO2) 52 60 25 24 83  244 

N (NO3) 52 60 25 24 83  244 

Ntotal 52 60 25 24 83  244 

SiO4 52 62 25 24 83  246 

Chl a 54 47 38 30 58 36 263 

Years 

Th.m3 
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IV.3.1 Methods of observations, instruments and equipment 

Laboratory studies on the analysis of samples of sea water and sediments were carried out in 
the Department of analytical studies and monitoring of UkrSCES.  
 

IV.3.1.1 Standard hydrochemical characteristics 

Salinity - electrometric method. Eequipment: - Salimeters GM-65. 

Transparency - visual method. Eequipment: Secchi disk. 

Dissolved oxygen in water - Method of titration (Winkler). Equipment: - burette, oxygen 
glasses. 

pH - Electrochemical method. Equipment: - ionomer "Ecotest 2000". 

Suspended substances - Gravimetric method. Equipment: installation ultrafiltration nuclear 
filters 0.45 micron, Laboratory Electronic VR 211 D. 

Nutrients (nitrogen, nitrate, ammonia, total nitrogen, silicate, phosphate phosphorus, total 
phosphorus) - nitrogen and phosphorus photocolorimetry method. Equipment: 
Spectrophotometer "Helios" photocolorimeter KFK-3, Spectrophotometer "Shimadzu." 

 

 IV.3.2.2 Methods - chlorophyll-а 

The results of the comparison of chlorophyll-a concentrations obtained by different methods 
were within a range deviating not more than 8% from oeach other. This indicates that the 
obtained results were suitable for assessment of the the environmental status. 

The below method was used in the laboratory of UkrSCES (NPMS UA, NPMS GE, JOSS GE-
UA) and SOI (NPMS RF-I (Kerch Strait) and II (transects Sochi-Adler): 

1-3 L of sea water from the same sampling depths as used for sampling of phytoplankton was 
filtered through 47 mm Sartorius CAN (45 µm); for the intercomparison the water was filtered 
through 47 mm Whatman GF/F glass fiber filters (45 µm). The filters were placed on filtration 
rack frits (Millipore) under vacuum (Millipore pump), pressure was set to  not exceed 3 - 4 psi. 
The filtration time was not more than 1 h, the filters were stored at – (18-20) oC. 

The filters were extracted in 10 ml cold 90% acetone after sonication for 1 min, the time of 
extraction was between 20 h in the refrigerator at the temperature +8оC. After centrifugation 
for 10 min at 7000 r/min the extract was measured at the following wavelengths: 750, 665, 
663, 645, 630, 480 and 430 nm. After acidification with 1N HCl within 5 min it was measured 
again at 750 and 665 nm for phaeophytin determination. The extinction at 750 nm should not 
exceed 0.002. The equations of Jeffrey and Humphrey (1975) were used for the calculations 
using a special software. The detection limit of the method was 0.1 mg/m3 with the error of 
10% (Edler, 1979). 

The below method was used in SIO-RAS (JOSS RF): 

Chlorophyll-a concentration (Chl) was measured fluorometrically (JGOFS-protocols, 1994; 
Holm-Hansen & Riemann, 1978). Seawater samples (500 ml) were filtered onto Whatman 
GF/F glass-fiber filters under low vacuum (~0.3 atm) and extracted in 90% acetone (5ºC, in the 
dark, 24 h). The fluorescence of extracts was measured with a fluorometer MEGA-25 (MSU, 
Russian Federation) before and after acidification with 1 N HCl. Fluorometer was calibrated 
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before and after the cruise using pure Chl (Sigma) as a standard. Chl and concentration of 
phaeophytin were calculated according to Holm-Hansen and Riemann (1978). 

Satellite data 

The results of the distribution of chlorophyll-a concentration are given according to the Aqua 
MODIS satellite (USA). Information on the concentration of chlorophyll-a obtained in HDF 
format averaging 4x4 km. (Http://oceancolor.gsfc.nasa.gov); the primary data processing was 
carried out in ASCII format.  

 

IV.4 Results and discussion 

IV.4.1 Hydrochemical regime  

V. Ukrainskyy1, K. Hushchyna1 

1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

 

IV.4.1.1 Nutrients Levels 

IV.4.1.1.1 Phosphorus 

IV.4.1.1.1.1 NPMS UA 

During the sampling period (17-21 May 2016) in the Ukrainian part of the north-western Black 
Sea shelf, 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 0.38 μmol/l. In 93.3% of the total number of observations phosphate phosphorus 
concentration did not exceed the LOQ, which resulted in the average concentration of 0.10 
μmol/l (Table IV.4.1.). This is primarily due to the consumption of dissolved inorganic 
phosphorus in phytoplankton biomass that was on average 376 mg/m3 during this period, and 
the maximum value reached 2078 mg/m3. 

Table IV.4.1. 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) 

P(PO4) Shelf 52 <0.16 0-50 10.5-14.2 0.38 0 6.88 0.10 0.06 

TP Shelf 52 0.19 10.6 12.1 1.45 26.5 14.0 0.77 0.32 

 

The maximum concentration of phosphate phosphorus was observed in the upper mixed layer 
in the area of influence of the Danube water runoff. In the bottom layer near the 
Starostambulskoe girlo at the depth of 18.6 m and Sigma-T = 14.0, concentration of phosphate 
phosphorus was 0.26 μmol/l. Somewhat elevated values of 0.18 μmol/l P(PO4) in the bottom 
layer comparing to the background concentrations of < 0.16 μmol/l were noted in the Gulf of 
Odessa (Figure IV.4.1.) which indicates some influence of anthropogenic factors: drain water 
from the sewage treatment station "Northern", as well as from the port of Odessa. 

In most cases, the concentration of the phosphate phosphorus decreased with increasing of 
the density (SigmaT) and the depth, except for the most southern station, where in the bottom 
layer its concentration increased to 0.26 μmol/l. 
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Concentration of total phosphorus (TP) varied in the range from 0.19 to 1.45 μmol/l, and the 
average value was 0.77 μmol/l, which was approximately 1.5-fold less than the long-term 
average value in May in the north-western shelf in the period of 1991 - 2005. 

  

a b 

Figure IV.4.1. The spatial distribution of the concentration of P (PO 4) in the surface (a) and 
the bottom (b) layer on the northwest shelf of the Black Sea 

 in the period from 17 till21 May 2016. 

 

Vertical distribution of phosphorus phosphate in the Danube area is shown on Figure IV.6.2.  

                           a                                                                                     b       

Figure IV.4.2. The vertical distribution of the concentration of P (PO 4) by SigmaT (a) and 
depth (b) in the north-western shelf of the Black Sea  

in the Danube area on 18 - 19 May 2016.  

 

As for the spatial distribution of TP, maximum concentrations were observed in coastal areas 
in the upper mixed layer of the station No. 5 NPMS UA in the area of Zhebriyanski bay (1.26 
μmol/l), and the station No. 1 NPMS UA near the dumping zone of the Chernomorsk port (1.45 
μmol/l). In the bottom layer maximum concentration of TP was 1.45 μmol/l that was also 
registered at the NPMS UA station No. 1 (Figure IV.4.3.). 
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A B 
Figure IV.4.3. The spatial distribution of total phosphorus concentration in the surface (a) 

and the bottom (b) layerin the northwest shelf of the Black Sea  
in the period from 17 till 21 May 2016. 

The vertical distribution of total phosphorus averaged to all NPMS UA samples was 
characterised by decreasing of its concentration with the depth, with a relative increase in the 
upper thermocline layer at the mean value of SigmaT = 12.7 (Figure IV.4.4.). 

                          
                     a                                                                                    b       

Figure IV.4.4. Average vertical distribution of TP concentration by SigmaT (a) and depth (b) 
in the north-western shelf of the Black Sea in the period from 17 till 21 May 2016. 

 

IV.4.1.1.1.2 NPMS GE 

During the investigated period (28 - 31 May 2016) in the Georgian part of the shelf, the 
concentration of phosphate phosphorus was relatively low. In 74% of cases, the 
concentrations of P (PO4) were below the method LOQ (< 0,16 μmol/l). The maximum 
concentrations of 1.28 - 1.31 μmol/l were observed in the deep part of the shelf. The average 
concentration throughout the area was 0.21 μmol/l. Concentrations of total phosphorus (TP) 
were within 0.16 - 1.73 μmol/l. Mean TP value calculated for the whole dataset collected in 
the Georgian shelf was 0.36 μmol/l, which is almost 2-fold less than the average concentration 
at the Ukrainian part of the shelf (Table IV.4.2.). 
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Table IV.4.2. Main statistics for phosphorus concentrations – water column, NPMS GE. 

Parameter Area N Min. 

(μmol/l) 

Depth 

(m) 

Sig-T Max. 

(μmol/l) 

Depth 

(m) 

Sig-T 

 

Mean 

(μmol/l) 

Std. Dev. 

(μmol/l) 

P(PO4) Shelf 58 <0.16 0-40 9.9-14.1 1.31 104 15.4 0.21 0.32 

TP Shelf 58 0.16 0-40 10.0-14.1 1.73 99 15.4 0.36 0.35 

 

The spatial distribution of TP showed the elevation of concentration up to 0.58 μmol/l in the 
Batumi area, at Sigma-T = 11,53. In the bottom layer the maximum concentration of TP was 
observed in the deep part of the shelf (Figure IV.4.5.). 

 
 

A b 

Figure IV.4.5. Spatial distribution of total phosphorus concentration in the surface (a) and 
the bottom (b) layer in the Georgian Black Sea shelf in the period from 28 till 31 May 2016.  

 

In the vertical distribution of average total phosphorus in NPMS GE, the minimum was 
observed at the depth of 10 m at Sigma-T = 12.35, and then increased with the depth. The 
increase was most intense from the depth of about 40 m, and at a depth of about 100 m at 
Sigma-T = 15.4 where it reached 1.37 μmol/l (Figure IV.4.6.). 

                            A                      b 

Figure IV.4.6. Average vertical distribution of TP concentration by SigmaT (a) and depth (b) 
in the Georgian Black Sea shelf shelf in the period from 28 till 31 May 2016. 

 



Scientific Report – Joint Black Sea Surveys 2016 

 

240  

IV.4.1.1.1.3 JOSS UA-GE 

The statistical characteristics of P (PO4) and Total P (TP) in the layer of 0 - 70 m on the path 
Ukraine-Georgia from 24 till 27 May2016 and back from Georgia to Ukraine from 2 till 4 June 
2016 is represented in Table IV.4.3. 

In the eastern part of the sea 93% of the phosphate phosphorus measurements in the layer 
of 0 - 35 m were below the method LOQ (< 0,16 μmol/l). The region was also charcterised by 
reduced concentration of the TP. The average value of phosphate phosphorus in the western 
part of the region was 0.41 μmol/l. Concentrations below the method LOQ (< 0,16 μmol/l) at 
the depth of 0 - 15 m constituted 59% of the total number of measurements. 

Total phosphorus concentration in the region averaged 0.53 μmol/l. In the area of the 
continental slope in the north-western part of the Black Sea, the average concentrations of 
P(PO4) and TP were 0.25 μmol/l and 0.38 μmol/l respectively. 

 

Table IV.4.3. Main statistics for phosphorus concentrations – 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) 

P(PO4) Open sea. 
continental slope 

28 <0.16 0-40 9.2-14.1 1.40 65 15.5 0.25 0.40 

TP Open sea. 
continental slope 

28 0.16 0-40 10.2-14.1 1.71 60.4 15.3 0.38 0.43 

P(PO4) Open sea. West 17 <0.16 0-15 10.2-13.6 1.37 54 14.3 0.41 0.47 

TP Open sea. West  17 0.16 0-14 11.8-12.2 1.69 62 15.2 0.53 0.51 

P(PO4) Open sea. East 14 <0.16 0-35 12.2-14.1 0.97 70 14.6 0.14 0.24 

TP Open sea. East 14 0.16 0-35 12.2-14.1 1.02 70 14.6 0.31 0.23 

 

The distribution of phosphate phosphorus in the high seas and total phosphorus in the area 
of the continental slope and the western and eastern parts of the sea are presented in Figures 
IV.4.7and IV.4.9. 

 

  

A b 

Figure IV.4.7. Spatial distribution of the concentration of phosphate phosphorus (a) and 
total phosphorus TP (b) in the area of the continental slope 

 in the north-western part of the Black Sea. 
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A b 

Figure IV.4.8. Spatial distribution of the concentration of phosphate phosphorus (a) and 
total phosphorus TP (b) in the western part of the Black Sea. 

 

     

A b 

Figure IV.4.9. Spatial distribution of the concentration of phosphate phosphorus (a) and 
total phosphorus TP (b) in the eastern part of the Black Sea. 

 

IV.4.1.1.2 Nitrogen 

IV.4.1.1.2.1 NPMS UA 

The concentrations of mineral nitrogen compounds in the time period of NPMS UA survey on 
Northern-West shelf of Black Sea in May 2016 were relatively low (Table IV.4.4). The 
concentrations of nitrite nitrogen below the method LOQ (< 0.04 μmol/l) were observed in 
52% of samples and ammonium nitrogen was below method LOQ (< 1.07 μmol/l) in 81% of 
samples. The concentrations of all mineral nitrogen compounds ranged between 62 and 26.85 
μmol/l. The average value was 3.83 μmol/l which is 1.5-times lower compared to the average 
value calculated on the basis of observations in the period from 1980 - 2010. 

Table IV.4.4. Main statistics for nitrogen 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) 

N(NO2) Shelf 52 <0.04 0-40 10.5-14.2 1.45 13.2 13.03 0.19 0.29 

N(NO3) Shelf 52 0.07 0-28  10.5-13.7 23.85 0  6.12 2.73 4.80 

N(NH4) Shelf 52 <1.07 0-50  7.4-14.2 11.49 0 11.61 0.91 1.55 

DIN Shelf 52 0.62 0-28  10.5-13.7 26.85 0 6.12 3.83 5.35 

TN Shelf 52 16.28 28 13.92 95.31 8.4 13.86 35.82 16.70 
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In spatial distribution of nitrate and nitrite nitrogen distribution in surface and bottom waters 
the elevated concentrations were observed in the Danube River area. The maximum 
concentrations of N(NO2) and N(NO3) were 1.45 μmol/l and 23.85 μmol/l, respectively 
(Figures IV.4.10. and IV.4.11.). 

The maximum concentrations of ammonium nitrogen were observed on Station No. 1 NPMS 
UA (11.49 μmol/l) in the area of Chernomorsk harbour dumping ground (Figure IV.4.12.). The 
maximum of all dissolved mineral salts of DIN were observed in the area of Danube seashore 
(26.85 μmol/l by Sigma-T= 6,12) and the dumping site of Chernomorsk harbour  (12.49 μmol/l  
by Sigma-T= 11,61; Figure IV.4.13.). 

 

  

A b 

Figure IV.4.10. The spatial distribution of nitrite nitrogen N(NO2) concentrations in 
the northern-west shelf of the Black Sea in the period from 17 till 21 May2016;  

a – surface; b - bottom layer. 

 

  

A b 

Figure IV.4.11. The spatial distribution of nitrate nitrogen N(NO3) concentrations in 
the northern-west shelf of the Black Sea in the period from 17 till 21 May2016;  

a – surface; b - bottom layer. 
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A b 

Figure IV.4.12. The spatial distribution of ammonium nitrogen N((NН4) 
concentrations in the northern-west shelf of the Black Sea in the period from 17 till 21 

May2016; a – surface; b - bottom layer. 

 

  

A b 

Figure IV.4.13. The spatial distribution of all dissolved mineral salts of DIN 
concentrations in the northern-west shelf of the Black Sea in the period from 17 till 21 

May2016; a – surface; b - bottom layer. 

 

The TN concentrations ranged inside of the interval from 16.28 till 95.31 μmol/l, with an 
average value of 35.82 μmol/l. The calculated average insignificantly differs from the average 
value of 1991 -2005 43.62 μmol/l which is due to organic nitrogen contribution to TN. The 
maximum concentrations of TN are in areas influenced by the Danube and Dnieper waters 
runoffs (Figure IV.4.14.). 
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A b 

Figure IV.4.14. The spatial distribution of general Nitrogen DIN concentrations in the 
northern-west shelf of the Black Sea in the period from 17 till 21 May2016;  

a – surface; b - bottom layer. 

 

In vertical distribution of mineral DIN and TN based on average NPMS UA data survey the 
under-surface maximum by average value of Sigma-T=11,4 and followed decrease of 
concentrations were observed (Figures IV.4.15. and IV.4.16.). 

 A b 

Figure IV.4.15. The average vertical distribution of the concentration of DIN by SigmaT (a) 
and depth (b) in the north-western shelf of the Black Sea in the Danube area in the period 

from 17 till 21 May2016; a – surface; b - bottom layer. 

 

                                 

                                  A        b 

Figure IV.4.16. The average vertical distribution of the concentration of TN  by SigmaT (a) 
and depth (b) in the north-western shelf of the Black Sea in the Danube area in the period 

from 17 till 21 May2016; a – surface; b - bottom layer. 
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IV.4.1.1.2.2 NPMS GE 

The content of nitrogen mineral compounds, their DIN sums and TN on Georgian shelf of the 
Black Sea in May 2016 was in average lower compared to results from Ukrainian northern-
west shelf survey (Table IV.4.5.). In 40% of samples the nitrite nitrogen concentrations were 
less than the method LOQ (< 0.04 μmol/l). The concentrations of ammonium nitrogen were in 
all samples lower than the limit of detection (< 1,07 μmol/l). The average DIN value during the 
Georgian survey was 2.86 μmol/l, and TN value was 22.70 μmol/l which is 1.3 and 1.6-fold less 
than average values based on NPMS UA survey data.  

Table IV.4.5. Main statistics for nitrogen concentrations – water column, NPMS GE. 

Parameter Area N Min. 

(μM)* 

Depth 

(m) 

Sig-T Max. 

(μM)* 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

N(NO2) Shelf 58 <0.04 0-101 11.8-15.4 0.17 37 14.03 0.05 0.04 

N(NO3) Shelf 58 0.04 0-26  12.2-13.8 7.92 0 11.96 2.27 2.08 

N(NH4) Shelf 58 <1.07 0-104  9.9-15.3    <1.07  

DIN Shelf 58 0.59 0-26  12.2-13.8 8.50 0 11.96 2.86 2.07 

TN Shelf 58 11.71 26 13.80 84.25 104 15.40 22.70 13.24 

*(μM) = μmol/l 

In surface layer the maximum concentration of nitrite nitrogen (0.12 μmol/l) was measured in 
the coastal areas - Sigma T=11,91 in the Poti area and in the area of Rioni river. In the bottom 
layer the relative maximum of 0.13 μmol/l was detected in the coastal areas near Batumi 
(Figure IV.4.17.). With increasing shelf depth the nitrite nitrogen concentration in the bottom 
layer decreased.  

  

A b 

Figure IV.4.17. The spatial distribution on N(NO2) concentration in waters on Georgian 
shelf of the Black Sea in the period from 28 till 31 May 2016; 

 a – surface; b - bottom layer. 

 

The maximum concentration of nitrite nitrogen in surface layer was measured in the coastal 
area near Batumi (7.92 μmol/l) and in the area impacted by the Inguri river flow 6.40 μmol/l; 
Sigma-T= 9,97-10,15) (Figure IV.4.18.). At the bottom layer the nitrite nitrogen concentration 
increased with the rising depth.   

The spatial distribution of mineral nitrogen compounds DIN in surface and bottom waters is 
almost identical to spatial distribution of N(NO3) due to maximum contribution of nitrite 
nitrogen to the sum of all nitrogen compound concentration (Figure IV.4.19.).  
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A b 

Figure IV.4.18. The spatial distribution on N(NO3) concentration in waters on Georgian shelf 
of the Black Sea in the period from 28 till 31 May 2016; a – surface; b - bottom layer. 

 

  

A b 

Figure IV.4.19. The spatial distribution on DIN concentration in waters on Georgian shelf of 
the Black Sea in the period from 28 till 31 May 2016; a – surface; b - bottom layer. 

 

In general distribution of TN in surface waters the maximum values were detected in the 
area of Inguri river runoff and in the Kobuleti area (Figure IV.4.20.).  

 

  

A b 

Figure IV.4.20. The spatial distribution on TN concentration in waters on Georgian shelf of 
the Black Sea in in the period from 28 till 31 May 2016; a – surface; b - bottom layer. 
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In the bottom waters the TN concentrations in deep part of the sea shelf in front of Batumi 
raised up to 84 μmol/l.  

                           

                                A   b 

Figure IV.4.21. The average vertical distribution of the DIN concentration by SigmaT (a) and 
depth (b) on Georgian shelf of the Black Sea in NPMS GE survey  

in the period from 28 till 31 May 2016. 

 

A b 

Figure IV.4.22. The average vertical distribution of the TN concentration by SigmaT (a) and 
depth (b) on Georgian shelf of the Black Sea in NPMS GE survey in the period from 28 till 

31 May 2016. 

 

IV.4.1.1.2.3 JOSS UA-GE 

The statistical characteristics of the nitrogen concentrations were calculated for three 
transects on the areas of the continental slope, the western and eastern parts of open seas. 
Data to a depth of 70 m on all transects were used for the analysis. The maximum average 
concentration of DIN mineral nitrogen 2.12 μmol/l was observed in the area of the continental 
slope as a result of the influence of the Danube River. 

The maximum average value of TN 35.60 μmol/l was observed on the transect in the eastern 
part of the sea at the value of DIN 2.05 μmol/l. That indicated a relatively high contribution of 
organic nitrogen forms to TN in this area. Main contribution of N (NO3) was in the formation 
of the DIN sum for all stations of the transect. 
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Table IV.4.6. Main statistics for nitrogen concentrations – water column, JOSS GE-UA. 

Parameter Area N Min. 

(μM)* 

Depth 

(m) 

Sig-T Max. 

(μM)* 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

N(NO2) Open sea. 
continental slope 

28 <0.04 0-65 9.15-15.45 0.16 17.0 13.48 0.030 0.029 

N(NO3) Open sea. 
continental slope 

28 0.04 0-12 11.63-13.17 10.64 59.8 15.20 1.56 2.56 

N(NH4) Open sea. 
continental slope 

28 <1.07 0-65 9.15-15.45    <1.07  

DIN Open sea. 
continental slope 

28 0.59 0-12 11.63-13.17 11.23 59.8 15.20 2.12 2.57 

TN Open sea. 
continental slope 

28 9.57 60 14.45 68.11 65 15.45 26.47 

 

14.93 

 

N(NO2) Open sea. West 17 <0.04 0-45 10.17-14.19 0.11 48 14.36 0.034 0.028 

N(NO3) Open sea. West 17 0.04 0 11.29-12.13 4.73 58 15.04 1.32 1.65 

N(NH4) Open sea. West 17 <1.07 0-70 10.17-15.23    <1.07  

DIN Open sea. West 17 0.59 0 11.29-12.13 5.31 58 15.04 1.88 1.67 

TN Open sea. West 17 12.42 70 14.80 28.34 45 14.19 17.89 3.44 

N(NO2) Open sea. East 14 <0.04 0-12 11.66-12.58 0.09 35 14.13 0.036 0.028 

N(NO3) Open sea. East 14 0.11 7 12.78 6.40 30.5 14.00 1.48 2.24 

N(NH4) Open sea. East 14 <1.07 0-70 11.66-14.61    <1.07  

DIN Open sea. East 14 0.66 7 12.78 7.00 30.5 14.00 2.05 2.26 

TN Open sea. East 14 12.07 35 14.13 99.17 30.5 14.00 35.60 25.35 

* μM = μmol/l 

Dissolved inorganic nitrogen and total nitrogen concentration distribution are presented in 
Figures IV.4.23., IV.4.24. and IV.4.25. 

 

 
 

A b 

Figure IV.4.23. Dissolved inorganic nitrogen (a) and total nitrogen (b) concentration 
distribution in the continental shoulder area of north-west Black Sea. 
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A b 

Figure IV.4.24. Dissolved inorganic nitrogen (a) and total nitrogen (b) concentration 
distribution in the deep-water north-west area of the Black Sea. 

 

  
a b 

Figure IV.4.25. Dissolved inorganic nitrogen (a) and total nitrogen (b) concentration 
distribution in the deep-water eastern area of the Black Sea. 

 

IV.4.1.1.3 Silicate 

IV.4.1.1.3.1 NPMS UA 

Silicate concentration value during NPMS UA sampling period were usually in 2 times lower 
than average one (11.46 μmol/l) during 1991 -2005 years. The silicate concentration values 
varied from LOQ values (< 0,36 μmol/l) up to 18.16 μmol/l. The mean value of silicates for all 
NPMS UA data was 5.62 μmol/l (Table IV.4.7.) 

Table IV.4.7. Main statistics for silicates concentrations – water column, NPMS UA. 
Parameter Area N Min. 

(μM) 

Depth 

(m) 

Sig-T Max. 

(μM) 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

Si (SiO4) Shelf 52 <0.36 6.4 10.45 18.16 13.2 13.03 5.62 4.64 

* μM = μmol/l 

The relative increase of silicate concentration in the surface layer are known for the areas with 
influence of the Danube and Dniepr rivers. The elevated silicate concentrations at the bottom 
layer are present in the Danube region and between the Danube and Dniepr rivers (Figure 
IV.4.26.). 
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A b 

Figure IV.4.26. Spatial distribution of silicates (SiO4) in the surface (а) and bottom (b) 
layers of the shelf zone of north-west Black Sea during NPMS 

UA in the period from 17 till 21 May 2016. 

 

The average vertical distribution of silicates concentration value for NPMS UA sampling area 
showed the intermediate minimum at 10 m with mean Sigma-T=12.7 (Figure IV.4.27.). 

  

A b 

Figure IV.4.27. The average vertical distribution of silicates concentration value in relation 
with Sigma T (а) and depth (b) in the shelf zone of north-west Black Sea during NPMS UA in 

the period from 17 till 21 May 2016. 

 

IV.4.1.1.3.2 NPMS GE 

Average silicate concentration value at Georgian shelf zone (above 116 m) was 8.51 μmol/l 
and it was higher than the mean value for the north-west shelf. 

Table IV.4.8. Main statistics for silicates concentrations – water column, NPMS GE. 

Parameter Area N Min. 
(μM)* 

Depth 
(m) 

Sig-T Max. 
(μM)* 

Depth 
(m) 

Sig-T 
 

Mean 
(μM) 

Std. Dev. 
(μM) 

Si (SiO4) Shelf 59 1.42 26.0 13.80 34.89 104 15.40 8.51 8.89 

* μM = μmol/l 
The elevated silicate concentrations in spatial distribution in surface layer were observed in 
the costal area. The silicate concentrations increased with the depth of the shelf in bottom 
layer (Figure IV.4.28.). 

 



Scientific Report – Joint Black Sea Surveys 2016 

 

251  

  
A b 

 

Figure IV.4.28. Spatial distribution of silicates (SiO4) in the surface (а) and bottom (b) 
layers of Georgian shelf zone of the Black Sea in the period from 28 till 31 May 2016. 

 

The average vertical distribution of silicates concentration value at Georgian shelf are 
presented in Figure IV.4.29. The minimum of silicates concentration value was observed in the 
layer of upper pycnocline at 20 m depth with Sigma – T 12.8-14.0. Then the silicate 
concentrations increased with the depth of the shelf.  

 

  
A b 

Figure IV.4.29. The average vertical distribution of silicates concentration value in relation 
with Sigma T (а) and depth (b) at Georgian shelf zone of the Black Sea  

in the period from 28 till 31 May 2016. 
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IV.4.1.1.3.3 JOSS GE-UA 

Maximum mean silicate concentration value 12.05 μmol/l in the layer 0 - 70 m was present in 
the section of north-west part of the Black Sea continental shoulder area. That is likely related 
to the influence of the Danube River. Also relatively high concentrations were observed at the 
deep sea area (Table IV.4.9.). 

Table IV.4.9. Main statistics for silicates concentrations – water column, JOSS GE-UA. 

Parameter Area N Min. 

(μM)* 

Depth 

(m) 

Sig-T Max. 

(μM)* 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

Si (SiO4) Open sea, 
continental slope 

28 0.99 0 11.38 45.22 51 14.21 12.05 11.95 

Si (SiO4) Open sea, West 17 2.31 0 12.13 43.79 70 14.80 11.94 13.39 

Si (SiO4) Open sea, East 14 2.13 0 12.05 16.02 70 14.61 4.22 3.48 

* μM = μmol/l 

Silicate distribution for all three sections of the sail Ukraine–Georgia–Ukraine is presented in 
the Figures IV.4.30., IV.4.31. and IV.4.32. There is an overall trend of increasing silicate 
concentration with the depth in deep water areas of the Black Sea.  

 
Figure IV.4.30. Silicate concentration distributions in the continental shoulder area of 

north-west Black Sea. 

 
Figure IV.4.31. Silicate concentration distribution in the deep-water area  

of north-west Black Sea. 
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Figure IV.4.32. Silicate concentration distribution in the deep-water area of east Black Sea. 

 

IV.4.1.1.3.4 The Kerch Strait  

The oxygen regime in the study water area was satisfactory. The concentration of dissolved 
oxygen in the surface seawater layer was 0.212-0.29 µmol/l with 93-123% saturation, in the 
near-bottom seawater layer it was lower – 0.195-0.282 µmol/l (86-120% saturation). The 
BOD5 value in water varied from 0.008 to 0.085 µmolO2/l with no significant differences 
between the surface and the near-bottom seawater layers. 

During the study period, the total phosphorus concentration varied from 0.967-
3.919 µmolP/l (surface layer) and 0.758-6.401 µmolP/l (bottom layer). The ratio of mineral 
to organic phosphorus was 1:3. Thus, the concentration of mineral phosphorus in the 
surface seawater layer varied from 0.116-1.221 µmolP/l, organic - 0.756-2.945 µmolP/l, in 
the bottom seawater layer – 0.042-1.368 µmolP/l and 0.647-5.033 µmolP/l respectively. The 
total nitrogen concentration range in the water was 50.429-619.571 µmolN/l. The 
predominant component of the total nitrogen was organic nitrogen, which concentration in 
the surface seawater layer was 43.429-591.786 µmolN/L, in the bottom seawater layer – 
81.857-616.286 µmolN/l. In mineral nitrogen, the main compound was ammonium nitrogen 
– 0.278-8.611 µmolN/l (surface layer) and 0.278-7.056 µmolN/l (bottom layer). The nitrate 
component of nitrogen in the surface seawater layer varied within the range of 0.065-
0.819 µmolN/l and 0.054-0.246 µmolN/L, nitrite nitrogen – 0.177-0.774 µmolN/l and 0.099-
0.584 µmolN/l, for the surface and the bottom layers respectively. The concentration of 
silicon in the surface seawater horizon was 41.8-15.607 µmolN/l, in the near-bottom horizon 
it was higher – 2.47-16.286 µmolN/l. The peculiarity of the spatial BOD5 and biogenic 
elements distribution was their higher concentration in the pre-strait zone of the Azov Sea 
compared to the pre-strait zone of the Black Sea, which, apparently, is a result of the higher 
trophicity of the Azov Sea. 

In the surface seawater layer, the concentration of suspended matter varied within the 
range of 5.30-33.34 µg/l, its average value was 17.81 µg/l, in the near-bottom seawater layer 
it was lower - 6.86-22.89 µg/l, with its average value of 14.38 µg/l. The concentrations of 
suspended matter, exceeding average values, are noted in pre-strait of the Azov Sea and in 
the coastal zone of the study water area. 
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IV.4.2 JOSS and NPMS 12-months study in Gelendzhik 

V. Chasovnikov1 

1 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation 

 

IV.4.2.1 Methods 

The concentration of nutrients in water was determined according to the Regulatory 
Documentation (RD, 1993). More specifically, inorganic phosphorus (P-PO4) by colorimetry, 
using the modified Murphy and Riley method; silicates (Si), colorimetrically according to blue 
silicon–molybdenum complex (Koroleff method); nitrites (NO2), colorimetrically; nitrates 
(NO3), colorimetrically after reduction to nitrite nitrogen on cadmium columns; ammonium 
(NH4), colorimetrically by the Sagi–Solorzano method. The concentration of dissolved oxygen 
was measured by the approach elaborated by Winkler. 

 

IV.4.2.2 Results 

IV.4.2.2.1 JOSS RF 

Chemical measurements were taking place on 95-mile transect from the central eastern part 
of the sea to shelf zone near Gelendzhik from 29 to 30 May 2016. Samples were collected on 
six stations in vertical series consisting of 17 depths. 

 
Figure IV.4.33. Vertical distribution of oxygen (a), hydrogen sulfide (b), phosphate (c) and 

nitrate (d) along the 95-miles longitude transect in JOSS RF. Left sides on the panel - center 
of the sea, right sides - shelf. Upper X-axis shows number of stations; lower X-axis shows 

distance from the shore. 
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Concentration of О2 near surface exceeded 340 µM, percentage saturation reached 120% 

(Figure IV.4.33.a, Table IV.4.10.). Subsurface maximum was located at depths of 15 − 30 m, 
where concentration was higher than 380 µM, with the percentage saturation of 130%. Sharp 

decrease in concentration of О2 began approximately from 40 − 50 m in the central part of the 
sea, where it changed from 240 to 40 µM down to depth of 70 m. Concentration of oxygen 
reached the method LOQ in the central sea at a depth of 115 m, near the shelf at a depth of 

130 − 140 m. 

Upper boundary of hydrogen sulfide occurred at densities of 16.1 − 16.2 sigma-t (Figure 
IV.4.33.b, Table IV.4.10.). The measured concentration of hydrogen sulfide was recorded at 
the depth of ca. 115 m in the sea center and at 145 m near the shelf.  

Table IV.4.10. The minimum, maximum and average values of the chemical parameters in 
the upper 40-m layer in JOSS RF. 

Parameter* Minimum Maximum Average 

Temperature, ºС 8.431 20.358 14.461 

Salinity, ‰ 17.579 18.497 18.138 

Dissolved oxygen (O2), µM 320.9 393.7 357.5 

Oxygen percentage, O2, % 110.1 135.3 124.8 

pH 8.12 8.24 8.19 

Alkalinity, (Alk), µM 3.195 3.424 3.293 

Phosphate (P-PO4), µM 0.00 0.20 0.06 

Total phosphorus, µM 0.21 1.03 0.49 

Organic phosphorus, µM 0.09 0.96 0.44 

Silicate (Si), µM 2.86 6.54 4.36 

Nitrate (N-NO3), µM 0.00 2.27 0.21 

Nitrite (N-NO2), µM 0.00 0.07 0.02 

Ammonia (N-NH4), µM 0.83 1.54 1.21 

Total nitrogen (Ntot), µM 2.25 42.54 14.76 

Inorganic nitrogen (Nmin), µM 0.85 3.51 1.44 

Organic nitrogen (Norg), µM 0.44 41.22 13.32 

* µM = µmol/l 

Phosphate concentration in the upper layer was very low ranging from method LOQ values to 
0.2 µM (Figure IV.4.33.c, Table IV.4.10.). On the average for the upper 40-m layer (upper mixed 
layer + thermocline) it was equal to 0.06 µM. 25-m layer with high concentrations of 
phosphate occurred at depths 55 - 75 m in the sea centre and deepened to 90 - 110 m near 
shelf. Next peak with concentration of 5 - 7 µM was located at 110 - 120 m (center) and at 140 
- 160 m (periphery).    

Nitrate concentration did not reach 0.5 µM in the upper 40-m layer with exception of St. No. 
126 located near shelf and where concentration was close to 2 µM (Figure IV.4.33d, Table 
IV.4.10.). Nitrate maximum (ca. 5 µM) occurred at depth of 75 m in the sea centre and of 90 
m near shelf. Increased concentration of ammonium (1 -1.5 µM) in the upper 40-m layer was 
recorded in the areas up to 20 miles off shore and farther than 60 miles to the sea interior.  

Concentration of silicate was substantial. In the upper 40-m layer it varied from 2.86 to 6.54 
µМ, with the average 4.36 µM. Highest values were observed near coast. Sharp increase in Si 
was observed below depth of 70 m, where its concentration reached 40 µM.  

The minimum, maximum and average values of other chemical parameters in the upper 40-m 
layer are presented in Table IV.4.10. According to Si:N ratio (1.9, see Table IV.4.10.) silicate did 
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not limit growth of phytoplankton. The absolute concentration of the total inorganic nitrogen 
was 3.5 µM on the average, which is higher than the limiting concentration for most species 
(Eppley et al., 1969). In spite of the balanced N:P ratio (17) low absolute content of phosphates 
presumably was the main factor limiting phytoplankton growth. Such low content of 
phosphates in the upper layer might be caused by high abundance of coccolithophores which 
are the intensive consumers of phosphorus (Silkin et al., 2009). 

 

IV.4.2.2.2 NPMS 12-months study in Gelendzhik 

Monitoring of hydrochemical conditions at the sampling site from March to November 
showed conspicuous changes in macro-nutrients and oxygen. Decreasing trend in the near 
surface layer was observed in concentration of oxygen which fell from 330 to 270 µM (Figure 
IV.4.34.a), in silicate exposing decline from 2 to 1 µM (Figure IV.4.34.b), in nitrate showing 
decline from 1.2 to 0.7 µM (Figure IV.4.34.d) and in nitrite changing from 0.2 to 0.05 µM 
(Figure IV.4.34.e). In contrast, highest concentrations of phosphate and ammonium occurred 
from May to August (Figure IV.4.34.c, f). 

All explored parameters manifested drastic changes during the period from 10 to 27 June. All 
of them demonstrated increased concentration (Figure IV.4.34a-e) with exception of 
ammonium (Figure IV.4.34f). Partly, the origin of these changes was a wind induced upwelling 
which occurred in the study area. Strong north-eastern wind was recorded on 24-25 June. 
Before and after the sampling have been performed. The wind induced upwelling most 
evidently affected the Si increasing its concentration by 2-foldup to 4.4 µM in the upper 50-m 
water column (Figure IV.4.34.b). Increase in nutrient concentration led to increase of 
photosynthesis rate. This fact was supported by elevated amount of oxygen. Increase in 
nutrient consumption resulted in depletion of all nutrients in the early July, which was well 
seen throughout all 50-m layer (Figure IV.4.34.b-f). 

Such reaction of the local ecosystem to north-eastern wind is well known phenomenon. The 
frequency of this event varied between years. 1-2 weeks after upwelling the hydrochemical 
environment returned back to the pre-upwelling conditions. The increase in phosphate and 
nitrate was observed before the strong wind. Currently, there is no explanation.  Possibly the 
reason was in the cross-shelf water advection, which was induced by currents and well 
documented for Caucasian shelf region (Zatsepin et al., 2003). Nevertheless, such periodical 
enrichments of the upper layer with nutrients is essential for shelf and near shelf ecosystem 
functioning and should be taken into account when the reference conditions of this region will 
be defined. 
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Figure IV.4.34. Temporal changes in vertical distribution of hydrochemical parameters in 

the upper 60-meter layer during NPMS RF 12-months study: oxygen (a), silicate (b), 
phosphate (d), nitrate (d), nitrite (e) and ammonium (f).  

 
Comparison with historical data (Table IV.4.11.) showed that in 2016 the main inorganic 
nutrients, that limited growth of phytoplankton, demonstrated increase. Silicate and 
ammonium showed maximum values. Trend in decrease of silicate concentration which was 
observed in the region since 2012 was not confirmed in 2016. High concentration of silicate 
might be reflected in species composition of the phytoplankton. 

Table IV.4.11. Mean annual values of chemical parameters in the upper 50-m layer on 4-
mile transect in 2014-2016. 

Parameter* 
Mean 

2014  2015  2016 

Oxygen (O2), µM 275.9 331.4 276.4 

pH 8.52 8.57 8.43 

Alkalinity, mg-eqv/L 3.293 3.296 3.244 

Phosphate(PO4), µM 0.06 0.05 0.07 

Phosphorus total, µM 0.33 0.25 0.26 

Silicate(Si), µM 2.20 1.97 3.18 

Nitrate (NO3), µM 0.77 0.68 0.60 

Nitrite (NO2), µM 0.06 0.05 0.09 

Ammonium (NH4), µM 0.65 0.67 1.06 

Total inorganic nitrogen, µM 1.47 1.45 1.82 

* µM = µmol/l 
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Thus, based on the obtained material one can conclude the following: 

• In 2016 trend in increase of concentrations of silicate and ammonium was observed.  

• The wind induced upwelling seriously affects hydrochemical environment in the 
region.   

•  The upwellings could be traced during 2 weeks and should be taken into account in 
estimating of annual means.  
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IV.4.3 Nutrient ratios (silica, nitrogen and phosphorus) 

IV.4.3.1 NPMS UA 

During the NPMS UA the concentration of inorganic phosphorus in 93.3% of samples was 
below the method LODi. It could be explained as a dominant limitation by phosphorus of 
phytoplankton growth. Statistical parameters of the ratios of inorganic nitrogen, phosphorus 
and silicates were within the expected and rather wide range (Table IV.4.12). The results 
below LOD were excluded from the calculation. The average ratios for silicates and nitrogen 
were at the level of 41.9 and 49.7. It needs to be noted that during the expedition the silicates 
limitation for diatom development at NWS was not observed. The calculated average ratio of 
Si/N was 3.5, whereas the optimum ratio for diatoms development in the coastal waters is 
assessed as 1/1 (based on molecular concentrations) (Bzrezinski, 1985). 

 
Table IV.4.12. Main statistics for nutrients ratios – water column, NPMS UA. 

Parameter Area N Min. 

(μM)* 

Depth 

(m) 

Sig-T Max. 

(μM)* 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

N/P Shelf 7 4.8 17.1 13.79 138.8 0 6.12 49.7 45.3 

Si/P Shelf 7 2.6 0 9.94 92.1 0 6.12 41.9 28.5 

Si/N Shelf 50 0.21 0 9.94 13.7 0 10.51 3.5 3.2 

* μM = μmol/l 
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IV.4.3.2 NPMS GE 

In the Georgian shelf waters in the upper mixed layer up to the depth of 38 m the 
concentration of inorganic phosphorus (phosphates) was below LOD in all samples. It might 
suggest the limitation of phytoplankton growth by the lack of phosphorus. In the deep waters 
within the range from 40 to 116 m the ratio N/P was in average 9.6 and in the same layer the 
ratio of Si/P was ca. 27.7. For the whole water column from surface to the depth of 116 m the 
average ratio of Si/N was 3.5 and almost coincided with the same value for the North-Western 
Shelf waters. It could be concluded that the silicates limitation of diatoms growth in the 
Georgian coastal waters was not recorded. 

Table IV.4.13. Main statistics for nutrients ratios – water column, NPMS GE. 

Parameter Area N Min. 

(μM)* 

Depth 

(m) 

Sig-T Max. 

(μM)* 

Depth 

(m) 

Sig-T 

 

Mean 

(μM) 

Std. Dev. 

(μM) 

N/P Shelf 14 1.9 98 15.79 30.21 40 14.14 9.6 7.6 

Si/P Shelf 14 22.41 40 14.15 57.35 40 14.14 27.7 8.82 

Si/N Shelf 59 0.62 0 11.96 14.84 0 11.53 3.5 2.74 

* μM = μmol/l 

IV.4.3.3 JOSS GE-UA 

During JOSS GE-UA inorganic phosphorus concentrations were below the LOD (< 0.16 μmol/l) 
in the surface layer until 40 m over the continental slope of the north-western part of the sea. 
The layer corresponded to 15 m in the western deep-water part and 35 m in the eastern part 
of sea. Therefore assessment of the N/P and Si/P ratios took place at deeper layer with the 
bottom border no deeper than 130 m (Table IV.4.14). 

Table IV.4.14. Main statistics for nutrients ratios – water column, JOSS GE-UA. 

Parameter Area N Min. 
(μM)* 

Depth 
(m) 

Sig-T Max. 
(μM)* 

Depth 
(m) 

Sig-T 
 

Mean 
(μM) 

Std. Dev. 
(μM) 

N/P Open sea. 
continental slope 

11 0.25 99 16.01 15.3 45.8 14.61 4.0 4.1 

Si/P Open sea. 
continental slope 

11 13.30 96 16.00 40.3 60 14.45 24.6 7.1 

Si/N Open sea. 
continental slope 

32 1.13 40 14.08 24.0 0 10.16 7.6 6.7 

N/P Open sea. West 7 2.25 45 14.19 13.1 48 14.36 5.0 3.7 

Si/P Open sea. West 7 19.3 48 14.36 88.7 70 14.80 32.4 24.9 

Si/N Open sea. West 18 1.48 48 14.36 19.4 70 14.80 5.8 4.1 

N/P Open sea. East 7 1.51 127 16.00 12.5 80 14.92 6.4 4.0 

Si/P Open sea. East 7 16.49 70 14.61 27.1 130 15.82 22.8 3.7 

Si/N Open sea. East 20 0.51 35 14.01 17.5 127 16.0 4.4 3.7 

* μM = μmol/l 

The average values of the N/P ratio were 4.0, 5.0 and 6.4 that could indicate a possible 
deficiency of nitrogen in 40 - 130 m layer. Inorganic phosphorus concentrations nutrition in 
the surface layer below the LOD clearly indicate the deficiency of phosphorus for 
phytoplankton. The average Si/P ratios were 22.8, 24.6 and 32.4 for transects. Silicates 
dominated in the Si/N ratios by average values 7.6, 5.8 and 4.4 with clear reduction ratio on 
transect from the northwestern part of the Black Sea to the open sea direction. 
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IV.4.4 Primary production - JOSS RF 

S. Mosharov1 

1 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 

IV.4.4.1 Methods 

Primary production (PP) was estimated using radiocarbon method (Steemann Nielsen, 1952). 
PP was determined using the simulation of light conditions at constant artificial illumination 
(120 μmol quanta m-2 s-1). The water samples (50 ml) from aquaria were exposed after 
addition of 0.05 μCi per 1 ml of the sample. Exposition (3 hours) was carried out in 
phytoincubator with individual LED illumination. After incubation flasks were filtered onto 
0.45 μ “Vladipore” membrane (Russian Federation). Radioactivity of the samples was 
determined using Triathler (Hidex, Finland) liquid scintillation counter.  

IV.4.4.2 Results 

PP was measured on six stations during JOSS RF on 29-30 May 2016. PP varied at the surface 
from 0.7 to 1.2 mg C m-3 h-1 (Figure IV.4.35.). Most productive was the middle part of the 
transect from St. No. 120 to St. No. 124, where PP exceeded 1 mg C m-3 h-1.  PP decreased in 
the upper part of the thermocline to the depth of 15 m. Below it decreased to minimal values 
of 0.3 mg C m-3 h-1.     

 

Figure IV.4.35. Vertical distribution of primary production along the 95-miles longitude 
transect in JOSS RF. Left sides on the panel - center of the sea, right sides - shelf. Upper X-

axis shows number of stations; lower X-axis shows latitude. 

 

Assuming the 12 h day time, the estimation of average PP in the upper layer, thermocline and 
the layer below resulted to 8.4, 6 and 3.6 mgC m-3 day-1, respectively. The average PP in the 
water column can be estimated as 216 mg C m-2 day-1. This level of PP is typical for the late 
spring-early summer period, when coccolithophores predominated in the phytoplankton 
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communities. In the north-eastern part of the sea PP changed from 2.7 to 34.9 mgC m-3 day-1 

averaged 14.7±1.4 mgC m-3 day-1 during the period from 2004 to 2012 (Mikaelyan et al., 2015). 
Our PP observations were in this range. According to historical data obtained from 1973 to 
1997 PP in the eastern deep waters in May-June ranged from 172 to 272 mgC m-2 day-1 
(Demidov, 2008), which corresponds to the average value. This comparison gives grounds to 
assume that in the current season ecosystem of the Black Sea functioned in a normal mode 
without any features of eutrophication.   

IV.4.4.3 References 

Steemann Nielsen, E., 1952. The use of radioactive carbon (14C) for measuring organic 
production in the sea. J. Cons. Perm. Int. Explor. Mer 18, 117–140. 

Mikaelyan, A. S., L. A. Pautova, V. K. Chasovnikov, S. A. Mosharov, V. A. Silkin. 2015. Alternation 
of diatoms and coccolithophores in the northeastern Black Sea: a response to nutrient 
changes. Hydrobiologia, 755, 89–105. Doi: 10.1007/s10750-015-2219-z.  

Demidov, A. B. 2008. Seasonal dynamics and estimation of the annual primary production of 
phytoplankton in the Black Sea. Oceanology, 48(5), 664–678. 

 

IV.5 Direct effects - chlorophyll-a 

S. Kovalishyna1, V. Ukrainskyy1, M. Grandova1, Y. Dykhanov1, S. Mosharov2  

 
1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 
2 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 

IV.5.1 Results 

Chlorophyll-a concentration is an important indicator for estimation of ecological status of 
marine environment. It allows evaluating the autotrophic part of marine biocenoses, and also 
provides the rapid response to pollution by biogenic elements. 

Table IV.5.1. Number of chlorophyll-a samples. 

Region NPMS-UA NPNS-GE NPMS-RF Kerch Strait JOSS GE-UA JOSS-RF 

Number of samples 54 47 38 30 58 36 

Total 263 

 

The analysis of distribution of chlorophyll-a shows that in the coastal areas the concentration 
was almost everywhere higher than in shelf waters, and the average values for open waters 
were more than 4-foldlower than for shelf waters (Figure IV.5.1.). The highest concentrations 
of chlorophyll-a were observed during NPMS RF due to influence of eutrophicated waters of 
the Azov Sea. High values in the Ukrainian shelf waters were influenced by run-off of several 
large rivers, especially Danube, Dniester and Dnieper. The lowest concentrations were 
observed in the open waters of Georgia, due to low influence of coastal and shelf waters and 
low concentration of nutrients in this area. 
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Figure IV.5.1. Average concentrations of chlorophyll-a in different areas of the Black Sea 

(Average – average concentration for the whole area of study, OW-all open waters, OW-GE 
– open waters of Georgia, OW-UA – Ukrainian open waters, Shelf – all shelf waters, NPMS 

GE - Georgian shelf waters, NPMS-K – Kerch Strait and surrounding waters, NPMS UA – 
Ukrainian waters). 

 

Chlorophyll-a satellite and in-situ measurements of its concentration in the upper mixed 
layer 

Comparison of chlorophyll-a concentration in the upper mixed layer from the satellite data 
and the measured values is demonstrated on Figure V.5.2. 

  
a b 

 
c 

a - NPMS UA; b – NPMS GE; c - JOSS GE-UA 
Figure IV.5.2. Chlorophyll-a satellite and in-situ measurements of its concentration in the 

upper mixed layer. 
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IV.5.2.1 NPMS UA 

Spatial distributions 

Chlorophyll-a concentration is an important indicator for estimation of the environmental 
status. It allows to evaluate the autotrophic part of marine biocenoses, and also provides the 
rapid response to pollution by biogenic elements. 

In the waters of northwestern Black Sea shelf, the highest values of chlorophyll-a 
concentration were observed in the upper mixed layer of the Danube region (St. Nos.  5-7, 
maximum concentration of 22.51 µg/l, see Figure IV.5.3) due to expansion along the surface 
of fresh waters of Danube, which are known for the abundance of biogenic substances.  

Combination of high biomass of phytoplankton and chlorophyll-a maximum indicated the 
great part of autotrophic microalgae in phytoplankton at this area. However, the 
concentration of chlorophyll-a went down with the depth, and in the near bottom layer it was 
lower than the average concentration in the other parts of the shelf. The sharp decrease in 
the quantitative characteristics with increasing depth could be explained by low water 
transparency, and therefore in the lower layers the photic conditions deteriorate sharply, 
which inhibits the development of autotrophic organisms. The highest concentrations for near 
bottom layer were observed in the coastal parts of Dniester (2.08 µg/l) and Dnieper (1.94 µg/l) 
where the influx of nutrients from river runoff was combined with sufficiently high water 
transparency in comparison to the Danube area. 

  
A b 

  
C d 

Figure IV.5.3. Spatial distribution of chlorophyll-a in surface (a), upper thermocline (b), 
lower thermocline (c) and near bottom (d) layers in the northwestern Black Sea shelf. 
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Vertical distributions 

The analysis of vertical distribution of chlorophyll-a showed the gradual decrease of its 
concentration from the upper layers to the bottom for almost the entire area of study (Figure 
IV.5.4.). The average concentration in the surface layer was 5.37 µg/l, in the upper thermocline 
layer 3.91 µg/l, in the lower thermocline layer 1.98 µg/l and in the near bottom layer 1.04 µg/l. 

    

a b c d 

Figure IV.5.4. Vertical distribution of chlorophyll-a in the Danube (a), Dniester (b), mixing 
(c) and Dnieper (d) regions of the northwestern Black Sea shelf. 

 

The highest concentrations of chlorophyll-a were observed in in the upper mixed layer in the 
Danube region and in the Dniester region. In the latter case the concentration of chlorophyll-
a was higher at the thermocline layer, and the maximum values (7.04 µg/l) were observed 
near the coast (St. No. 3), in the zone with high influence of the Dniester river discharge. In 
the near bottom layer the concentration of chlorophyll-a decreases compared to the upper 
layers, however, it was still higher than in the bottom layer of the Danube area. 

In the mixing area, the highest concentrations of chlorophyll-a were observed in the upper 
thermocline layer. In addition, the average concentrations in this area were lower than in the 
other parts of the northwestern shelf. 

Moreover, in the Dnieper area the vertical distribution of chlorophyll-a was the opposite than 
in other areas and became higher in the lower thermocline and especially in the near bottom 
area, showing the highest values for this layer in the northwestern shelf. These characteristics 
may be the result of rather high water transparency and higher concentrations of biogenic 
substances in the near bottom layer. The lowest concentrations of chlorophyll-a in this area 
were observed at the waste dumping site (St. No. 14) revealing the depression of marine 
biocenosis under the anthropogenic pressure. 

IV.5.2.2 NPMS GE 

Spatial distributions 

At the shelf of Georgia the concentration of chlorophyll-a was studied along transects from 
the shore to the open sea. The results showed sharp decrease in the quantitative 
characteristics in the upper mixed layer with the increasing distance from the coast (Figures 
IV.5.5. and IV.5.6.).  

The highest concentration of chlorophyll-a was registered in the upper mixed waters in the 
Anaklia region, which might be due to the influence of the Enguri River.The only region where 
the values at the distant station are higher than at coastal one was Poti transect, which might 
be due to high anthropogenic load in the cargo port of Poti. The trend of reducing the 
concentration of chlorophyll-a with the distance from the shore was also present in the deeper 
layers, but the difference between the near and distant stations decreased with increasing 
depth. 
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a b c d 
Figure IV.5.5. Spatial distribution of chlorophyll-a in upper mixed (a), upper thermocline 

(b), lower thermocline (c) and near bottom (d) layers in the shelf of Georgia. 

Vertical distributions 

The vertical distribution of chlorophyll-a concentration showed to different models: the 
maximum in the upper layers (Gonio, Cikhisdziri, Kobuleti, Anaklia transects) and the 
displacement of its maximum in the bottom layers in the port zones (Poti and Batumi 
transects) (Figure IV.5.6.). The changes in the vertical distribution of chlorophyll-a may be 
caused by anthropogenic load or by hydrological peculiarities of port areas. 

   

a b c 

   

d e f 
Figure IV.5.6. Vertical distribution of chlorophyll-a in Gonio (a), Batumi (b), (Cikhisdziri (c), 

Kobuleti (d), Poti (e) and Anaklia (f) transects. 

The study of the spatial and vertical distribution of chlorophyll-a showed that the shelf areas 
of Ukraine and Georgia have several common features. This is despite the difference in 
hydrological conditions, which is reflected in the large difference between the mean 
concentrations of chlorophyll-a in these regions. 
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Interannual variability of concentration of chlorophyll-a in different areas of NWBS 

Interannual variability of concentration of chlorophyll-a in different areas of NWBS are 
presented in Figure IV.5.7. 

 

Figure IV.5.7. Spatial distribution of average concentration of chlorophyll-a in 2015 and its 
long-term annual average variability in different areas of NWBS. 

Minor trend towards decreasing of annual average of chlorophyll-a values was observed for 
the years 2003 - 2015 in all the regions of NWBS. For long-term average annual values, the 
concentration of chlorophyll-a in 2015 was significantly reduced, especially in the Dnieper-Bug 
area, where it was lower almost by a factor of two. For long-term period (2003 - 2015) average 
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values of chlorophyll-a concentration were: in the Dnieper-Bug area 8.1 μg∙L-1; in the Danube 
area 6.07 μg∙L-1; in the Dniester area 5.70 μg∙L-1; in the Karkinit Bay 3.52 μg∙L-1; in the zone of 
mixing waters 2.09 μg∙L-1; in the central part of Black Sea 0.92 μg∙L-1; in the Kalamit Bay 0.87 
μg∙L-1. The analysis of average concentration of chlorophyll-a within a long-term period 
showed high influence of the Dnieper-Bug Estuary as well as the Danube River on the NWBS. 
To the greatest extent the downward trend of chlorophyll-a concentration with an angular 
factor in 0.12 μg∙L-1 per year was marked in the Dnieper-Bug region.  

In general, the trend of gradual decreasing of chlorophyll-a concentration was observed for 
most subregions of the NWBS. 

IV.5.2.3 Kerch Strait 

Spatial distribution 

The analysis of spatial distribution of chlorophyll-a showed high values of chlorophyll-a 
concentration (minimum 3.71 µg/l, average concentration 6.20 µg/l, (Figure IV.5.8.). The 
concentrations of chlorophyll-a in the Black Sea were significantly lower, with the average 
value of 1.90 µg/l, whereas the concentration usuallydid not exceed 3 µg/l. The only exception 
was the area near the mouth of the Kerch strait, where the current from the Azov Sea provided 
the concentrations of chlorophyll-a which were close to those in the Azov Sea (6.49 in the 
upper mixed layer and 7.09 in the bottom layer). 

    
a b 

a– surface; b –bottom 
Figure IV.5.8. Spatial distribution of chlorophyll-a in upper mixed (a), and near bottom (b) 

layers in the region of the Kerch Strait. 

Vertical distribution 

The analysis of vertical distribution showed low difference between chlorophyll-a in upper 
mixed and deep layer. The average concentration of chlorophyll-a in the upper mixed layer 
was 3.71 µg/l, and in deep layer 3.70 µg/l. The average concentration in the Azov Sea and 
Kerch Strait was 6.40 and 6.00 µg/l in the upper mixed layer and in the bottom layer, 
respectively. The concentration of chlorophyll-a in this area in the upper mixed layer was 
slightly higher than near bottom layer, and this ratio changed towards higher concentrations 
in the deep layer only in the middle line of the Kerch Strait. The concentrations of chlorophyll-
a in the Black Sea in the upper mixed (1.76 µg/l) and deep (2.03 µg/l) layer were also very 
close. The only area where the value in the deep layer was about three times higher than in 
the upper mixed layer, was in the south-east area of the Kerch Strait. 

https://en.wikipedia.org/wiki/Dnieper-Bug_Estuary
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IV.5.2.4 JOSS GE-UA 

Spatial distribution 

The analysis of spatial distribution of chlorophyll-a showed various pictures for the different 
parts of open waters. In the open shelf waters of Ukraine was observed the decrease of 
concentration from north to south, with the distance from the coast, and this trend was 
registered both in the upper mixed (from 0.45 to 0.31 µg/l), upper thermocline (from 0.1,01 
to 0.37 µg/l) and deep chlorophyll-a maximum (from 1.56 to 0.89 µg/l) layers (Figure IV.5.9.). 
In the central part of the sea the concentrations of chlorophyll-a in the upper mixed and deep 
chlorophyll-a maximum layers decreased in the direction from west to east (from 0.55 to 0.22 
µg/l, and from 0.93 to 0.67 µg/l, respectively), however in the upper thermocline layer the 
concentration increased (from 0.33 to 0.61 µg/l). Moreover, the decrease of concentration in 
upper layers (from 0.30 to 0.16 µg/l for the upper mixed and from 0.33 to 0.17 µg/l for the 
upper thermocline) and increase in deep chlorophyll-a maximum layer (from 0.49 to 1.09 µg/l) 
was observed in Georgian open waters. 

 

a 

 

b 

 

c 

Figure IV.5.9. Spatial distribution of chlorophyll-a in the open shelf waters of Ukraine (a), 
central part of the Black Sea (b) and Georgian open waters (c). 
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Vertical distribution 

In contrast with shelf waters with the maximum of chlorophyll-a in the upper layers (mainly 
in the upper mixed waters and upper thermocline boundary), in the open water the highest 
concentrations of chlorophyll-a were observed in the deep layers. Vertical distribution of 
chlorophyll-a concentration in the open waters of deep stall and deep water parts of NWBS 
directly related to the vertical proliferation of oxygen. For Ukrainian open shelf waters the 
deep chlorophyll-a maximum was located between the depths of 10 - 30 m (in average 21 m), 
for the central part of the sea the highest values were distributed between 45 and 55 m (in 
average 49 m) (Figures IV.5.10. and IV.5.11.). In the Georgian open waters it was located at 
the depth of ca. 35 m (Figure IV.5.12.). The average concentrations of chlorophyll-a in the 
upper mixed layer were 0.39 µg/l for Ukrainian open shelf waters, 0.25 µg/l for the central 
part of the sea and 0.28 µg/l for Georgian open waters. In the upper thermocline layer the 
average concentration was 0.53 µg/l for the Ukrainian open shelf waters, 0.41 µg/l for the 
central part of the sea and 0.27 µg/l for the Georgian open waters. The deep chlorophyll-a 
maximum layer was characterised by the following average values: 1.08 µg/l for the Ukrainian 
open shelf waters, 0.84 µg/l for the central part of the sea and 0.72 µg/l for the Georgian open 
waters.

 
Figure IV.5.10. Vertical distribution of chlorophyll-a in open waters of NWS (deep stall). 

 

 
Figure IV.5.11. Vertical distribution of chlorophyll-a in the deep part of the Black Sea  

(latitude 43°30’n.lat). 
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Figure IV.5.12. Vertical distribution of chlorophyll-a in the open waters of Georgia. 

The maximum concentrations of chlorophyll-a were observed directly below the maximum 
dissolved oxygen layer with high values in the western part of the area, in the exterior part of 
the anticyclone. The transect through the continental slope of NWBS crossed the Sevastopol 
eddy as it was mentioned at subchapter I.5.4. The results of observations have revealed the 
active introduction of eutrophic shelf waters with high chlorophyll-a concentration in the 
central part of the eddy (Figure I.5.20.).  

IV.5.2.5 JOSS RF 

Vertical distribution of chlorophyll-a on the transect was characterised by two layers with the 
increased concentration (Figure IV.5.13). First layer 15 - 25 m corresponded to the lower part 
of the seasonal thermocline. 

 
Figure IV.5.13. Vertical distribution of the chlorophyll-a (B, mg/m3) on the 95-mile 

longitude transect JOSS RF from the center of the eastern cyclonic gyre (on the left) to the 
Caucasian coast (on the right). Upper X-axis shows number of stations; lower X-axis - 

latitude; Y-axis - depth; dots - samples. 

Chlorophyll-a in this layer varied from 0.9 to 1 µg/l. Below the second layer the increased 
chlorophyll-a concentrations were observed. It was located at depths of 35 - 40 m.  High 
chlorophyll-a concentration exceeding 1 µg/l was recorded along the whole transect. On 
stations Nos. 122-126 located close to the shore, the elevated chlorophyll-a was observed at 
the upper 25-m layer. 
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IV.5.3 Сonclusions 

In the coastal areas, chlorophyll-a concentration was almost everywhere higher than in the 
shelf waters, and the average values for open waters were more than 4-foldlower than for 
shelf waters. The highest concentrations of chlorophyll-a were observed in the region of the 
Kerch Strait due to influence of eutrophicated waters of the Azov Sea. High values in the 
Ukrainian shelf waters were determined by run-off of several large rivers, especially Danube, 
Dniester and Dnieper. The lowest concentrations were observed in the open waters of 
Georgia, due to low influence of coastal and shelf waters and low concentration of nutrients 
in this area. 

The reduction in the concentration of chlorophyll-a was observed with the increasing distance 
from the coast and increase of the chlorophyll-a concentration was recorded in the areas 
under the influence of river flow. This effect was most expressed in the upper mixed layers 
and smoothed with increasing depth. In the regions with large river run-off, the chlorophyll-a 
concentration in the bottom layers may be even lower than the average concentration due to 
the low water transparency caused by the large amount of the slurry contributet by the rivers. 

Modification of the vertical distribution of chlorophyll-a and the displacement of its maximum 
were observed in the bottom layers in areas with high anthropogenic load (Dnieper region, 
Odessa Bay, Poti and Batumi transects). However, this may also be related to the hydrological 
characteristics of the port areas. Thus, the hot spots of the shelf zone under the influence of 
river flow and port zones require constant monitoring. In the deep waters of the Black Sea, 
the maximum concentrations of chlorophyll-a were registered below the oxygen maxima at 
the depth of 40 m or more.  

The transect through the continental slope of NWBS crossed the Sevastopol eddy as it was 
mentioned at subchapter I.5.4. The results of observations have revealed the active 
introduction of eutrophic shelf waters with high chlorophyll-a concentration in the central 
part of the eddy. In the deep water of the eastern part of the Black Sea was formed a similar 
situation.  

GAPS RECOMMENDATIONS 
Due to the problems with delivery of filters for 
analysis of chlorophyll-a concentration, not all 
organizations have taken part in 
intercomparison tests. 

If possible, to organise intercalibration via 
QUASIMEME (The Netherlands). 

In the SOPs for determination of the 
chlorophyll-a concentration, some significant 
details were absent. 

Create SOP with clear specific instructions for 
carrying out the analysis for determining the 
chlorophyll-a concentration.  
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IV.6 Indirect effects of eutrophication  

IV.6.1 Dissolved oxygen 

According to the definition of the European Commission, the oxygen content in seawater in 
assessing the state of eutrophication refers to the indices of indirect effects of nutrient 
enrichment. The oxygen content and its changes are a good indicator of the ratio of the 
intensity of the primary production of organic matter and the intensity of its biochemical 
oxidation. 

IV.6.1.1 PILOT-UA 

During the survey NPMS UA of Ukrainian part of the northwestern shelf of the Black Sea the 
oxygen concentration in May varied in the range 191.9-364.7 μmol/l at a saturation of 57.3-
128.8% (Table IV.6.1.). 

Table IV.6.1 Main statistics for oxygen concentrations – water column, NPMS UA cruise 

Parameter Area N Min. 

(μM)*/(%) 

Depth 

(m) 

Sig-T Max. 

(μM)*/(%) 

Depth 

(m) 

Sig-
T 

 

Mean 

(μM)/(%) 

Std. Dev. 

(μM)/(%) 

O2 (μmol/l) Shelf 52 191,9 17,9 13,71 364,7 0 6,88 304,5 39,0 

O2 (%) Shelf 52 57,3 17,9 13,71 128,8 0 6,88 101,3 15,8 

* μM= μmol/l 
The maximum and minimum oxygen concentrations were observed near the Danube coast in 
the surface and near-bottom layers of the sea respectively (Figure IV.6.1.). 
 

                           

                      a                                                                                 b       
Figure IV.6.1.- Spatial distribution of oxygen concentration in the surface (a)  

and near-bottom (b) layer on the northwestern shelf of the Black Sea  
in the period 17-21.05.2016. 

 
An analogous spatial structure was also observed in the distribution of the relative oxygen 
content. The maximum saturation of water with oxygen was observed in the Danube region 
in the surface layer and the minimum in the bottom layer (Figure IV.6.2.).   
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                    a                                                                                       b       

Figure IV.6.2. The spatial distribution of the relative oxygen content in the surface (a)  
and near-bottom (b) layer on the northwestern shelf of the Black Sea 

in the period 17-21.05.2016. 
 

In the vertical distribution of oxygen there is a decrease in its absolute and relative content 
with depth. The relative increase in the oxygen content during the survey was noted in the 
layer 7-12 m and in the layer 25-30 m in the deeper part of the shelf (Figure IV.6.3).   

 

         
                                 a                                                                                         b 

 

         
                                       c                                                                                     d 

Figure IV.6.3. The vertical distribution of absolute and relative oxygen content with 
relation to sigma-T (a, c) and depth (b, d) in the north-western shelf of the Black Sea  

uring the shooting period of NPMS UA 17-21.05.2016 
 

In the distribution of oxygen on the shelf in the mixing zone, the maximum of its absolute 
content in the bottom layer at depths of 27-30 m was noted. In distribution of the relative 
oxygen content in this region also was noted a slightly increased saturation of the waters with 
oxygen (Figure IV.6.4.).  
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                        a                                                                                  b     
Figure IV.6.4. Distribution of absolute (a) and relative (b) oxygen content in the Dniester 

region – Zernov’s phyllophora field zone on the northwestern shelf of the Black Sea  
in the period 17-21.05.2016. 

 

Oxygen regime in most of the surveyed water area in May was satisfactory and oxygen 
saturation less than 60% was noted only in the near-bottom layer of the Danube coast (Figure 
IV.6.5.).  

           

                        a                                                                                         b     
Figure IV.6.5. Distribution of absolute (a) and relative (b) oxygen content in the Danube 
area transect - Zernov phyllophora field zone on the northwestern shelf of the Black Sea  

in the period 17-21.05.2016. 

IV.6.1.2 PILOT-GE 

During the NPMS GE survey of the Georgian part of the Black Sea shelf, the oxygen 
concentration in May 2016 varied in the 0-140 m layer in the range 9.06 - 361.3 μmol/l, and 
the oxygen saturation of water was 2.84 - 136.3 %. The minimum oxygen content was 
recorded at a depth of 140 m with a nominal water density Sigma-T = 16.0 (Table IV.6.2).   

Table IV.6.2. Main statistics for oxygen concentrations – water column, NPMS GE cruise 

Parameter Area N Min. 
(μM)/(%) 

Depth 
(m) 

Sig-T Max. 
(μM)/(%) 

Depth 
(m) 

Sig-
T 

Mean 
(μM)/(%) 

Std. Dev. 
(μM)/(%) 

O2 (μMl) Shelf 61 9,06 140 16,01 361,3 10 6,88 252,4 92,1 

O2 (%) Shelf 61 2,84 140 16,01 136,3 10 6,88 89,4 34,7 

* μM = μmol/l 
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The average weighted oxygen concentration in the 0-50 layer on the Georgian shelf in May 
was 294.8 μmol/l and was less than in the northwestern shelf during the NPMS UA survey 
302.4 μmol/l while the relative saturation of the water was above 100, 9% with relation to 
95.8% on the north-western shelf (Figure IV.6.7.). 

            

                                    a                                                                                     b 

               

                                  c                                                                                           d                                

Figure IV.6.7. The vertical distribution of absolute and relative oxygen content with 
relation to sigma-T (a, c) and depth (b, d) in the northwest shelf of the Black Sea and on 

the shelf of Georgia in May 2016 (regions average). 
 

In the spatial distribution of oxygen during the NPMS GE survey in the coastal zone with a 
maximum of 308 - 312 μmol/l in the region of Kobuleti and under the influence of the river 
runoff of the Choloki River the increased concentrations were observed. In this region, a 
higher saturation of water with oxygen up to 117% is noted in the surface layer. 
At a distance from the shore, the oxygen concentrations in the surface layer decreased to 288-
289 μmol/l and the saturation of the water with oxygen decreased to 106-108%. 
 In the near-bottom layer the overall spatial structure of the oxygen distribution is preserved, 
with the distance from the coast and the increase in the depth of the sea, the oxygen 
concentration decreases from 300 μmol/l (100% saturation) in the Batumi region to 9.08 
μmol/l (2.84% saturation) 140 m (Figure IV.6.8.). 
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                                    a                                                                                            b 

        

                                  c                                                                                                  d                                

Figure IV.6.8. Distribution of the absolute (a, c) and relative (b, d) oxygen content in the 
surface (a, b) and bottom (b, d) water layers on the Georgian shelf in May 2016. 
 

IV.6.1.3 JOSS- GE-UA 

The oxygen water regime of the deep-water part of the sea in the upper active layer to a depth 
up to 50 m was in a satisfactory state. The oxygen concentration during the survey in May 
June of 2016 in the 0-50 m layer varied in the range of 203.8-333.8 μmol/l, and oxygen 
saturation was in the range of 82.5-114.1%. With the depth increasement the oxygen content 
decreases and during the survey period at the 130 m horizon was 8.13 μmol/l (2.54% 
saturation), (Table IV.1.18.). 
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Table IV.1.18 Main statistics for oxygen concentrations – water column, JOSS GE-UA Cruise 
Para-
meter 

Area N Min. 
(μM)/(%) 

Depth 
(m) 

Sig-T Max. 
(μM)/(%) 

Depth 
(m) 

Sig-T 
 

Mean 
(μM)/(%) 

Std. Dev. 
(μM)/(%) 

O2 (μM) Open sea, 
continen-tal slope 

29 20.3 121 16.10 333.8 10 12.91 246.6 92.2 

O2 (%) Open sea, 
continen-tal slope 

29 6.33 121 16.10 114.0 0 10.16 87.5 34.6 

O2 (μM) Open sea, West 11 267.8 48 14.36 310.0 15 13.58 275.2 12.2 

O2 (%) Open sea, West 11 82.5 48 14.36 114.1 0 11.29 104.3 7.8 

O2 (μM) Open sea, East 22 8.13 130 16.27 301.3 35 14.13 194.6 115.1 

O2 (%) Open sea, East 22 2.54 130 16.27 113.4 7 12.78 68.8 43.1 

* μM = μmol/l 

The minimum amount of oxygen was observed at the conventional water density Sigma-T = 
16.27, (Figure IV.6.9. where the vertical distribution of the average and relative oxygen 
content is presented). A subsurface maximum of oxygen is observed in the layer at depths of 
8-12 m. A similar vertical structure in the distribution of oxygen was observed in the survey of 
NPMS UA and GE, which is obviously associated with the processes of photosynthesis of 
phytoplankton. 

The distribution of the absolute and relative oxygen concentration in the upper active layer to 
the depth position of the redox layer in the sections of the eastern part of the Black Sea and 
in the zone of the continental slope in the northwestern part (Figure IV.6.10.). In the surface 
layer, the relative oxygen concentration in the eastern part of the sea was 105-109% of 
saturation, and in the western part, in the zone of the continental slope, varied in the range 
109-114% of saturation. 

           

                                    a                                                                                                  b 

           

                                  c                                                                                                    d                                
Figure IV.6.9. The average vertical distribution of absolute and relative oxygen 

concentration relatively to sigma-T (a, c) and depth (b, d)  
in the open sea of JOSS GE-UA Cruise in May-June 2016 
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                                             a                                                                                      b

 
                                       c                                                                                           d                                

Figure IV.6.10. Distribution of absolute (a, c) and relative (b, d) content in the open eastern 
part of the sea (a, b) and on the continental slope (c, d)  

of JOSS GE-UA Cruise in May-June 2016. 
 

IV.6.2 Transparency 

Indirect effects of water enrichment with nutrients and eutrophication include the abundance 
of microalgae and, accordingly, an unfavorable decrease in the transparency of waters (a 
decrease of light penetration into the deep layers of the sea). Therefore, water transparency 
is part of indicators set taken into account both in the assessment of the state of 
eutrophication (European Commission, 2010) and the BEAST (Black Sea Eutrophication 
assessment Tool). 

Statistical assessments for the areas of research in the Black Sea are presented in Table 
IV.1.19. Water transparency during the study period was in the range of 0.9-15 m.  

Table IV.1.19 Main statistics for transparency water in Black Sea cruise 

Region, area of 
cruise 

Area N Minimum 
transparency 
according the 
Secci disk (m) 

Sig-T 
at 0 m 

Maximum 
transparency 
according the 
Secci disk (m) 

Sig-T 
at 0 m  

Mean 
(m) 

Std. Dev. 
(m) 

NPMS UA Shelf 15 0.90 6.80 11.5  13.07 5.7 3.2 

NPMS GE Shelf 13 1.5 7.80 7.5 12.28 4.0 2.1 

NPMS RF Shelf Sochi 14 2.5 10.89 15.0 11.63 7.3 4.3 

NPMS RF Shelf Kerch 19 1.2 7.05 12.0 10.27 3.5 2.6 

JOSS GE-UA Open sea West-East 9 7.0 9. 21 13.5 12.14 9.4 2.1 

JOSS-RF Open sea Novorossiysk 6 7.0 - 12.0 - 10.0 2.0 

Minimum values of water transparency were observed in coastal areas and especially in river 
flow areas. In the Danube region, the water transparency was less than 1 m. In the central 
region of the northwestern shelf (the area of the Zernov phyllophora field) water transparency 
increased and reached 11.5 m (Figure IV.6.11.a). 
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On the Georgian shelf, the minimum water transparency values of 1.5 m were observed in the 
coastal zone of Batumi and under the influence of the Chorokhi River. Reduced values of water 
transparency up to 2.3-2.5 m were also observed in the Poti region and at the runoff of the 
rivers Rioni and Khobi. With the distance from the shore and the zone of influence of river 
flow, the water transparency in the deeper part of the sea in the NPMS GE survey zone 
increased up to 7.5 m (Figure IV.6.11.b). 

On the shelf near Sochi-Adler during the survey of PILOT-RF, decrease of the water 
transparency values up to 2.3-3.5 m were observed in the coastal zone in the areas affected 
by the flow of the rivers Sochi, Dagomys, Mzymta. Moving away from the shore and the 
influence of the river flows, the water transparency increased up to 12-15 m (Figure IV.6.12.a). 

In the Kerch Strait the water transparency varied from 1.2-2 m in the Azov Sea waters and 
increased up to 12 m in the Black Sea waters (Figure IV.6.12.b), which characterizes the degree 
of their eutrophication. 

 
                           a                                                                     b 

Figure IV.6.11. Distribution of water transparency in the north-western shelf of Ukraine (a) 
and Georgian shelf during the survey of PILOT-UA and PILOT-GE in May 2016. 
 

 
                           a                                                                    b 

Figure IV.6.12. Distribution of water transparency on the shelf in the Sochi-Adler area in 
November 2016 (a) and in the Kerch Strait area in August 2016 (b) during the survey of 

PILOT-RF. 
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IV.6.3 Total Suspended Substance (TSS) 

One of the main criteria for characterizing the process of water eutrophication is the increase 
of the concentration of suspended particles, especially of organic origin. Determinations of 
the total number of suspended particles were made during the survey of NPMS UA, NPMS GE 
and JOSS GE-UA, statistical characteristics for the study areas are presented in Table IV.1.20. 

Table IV.1.20 Main statistics for total suspended substance in Black Sea  

Region, 
area of 
cruise 

Area N Min. 
(mg/l) 

Depth 
(m) 

Sig-T Max. 
(mg/l) 

Depth 
(m) 

Sig-T 
 

Mean 
(mg/l) 

Std. Dev. 
(mg/l) 

NPMS UA Shelf 16 4,17 16,0 13,34 7,88 0 6,88 5,84 0,99 

NPMS GE Shelf 23 5,09 0 11,44 9,01 0 7,80 6,20 0,94 

JOSS 
GE-UA 

Open sea 
West-East 

5 4,75 0 12,61 5,54 0 12,14 5,18 0,30 

 

The concentration of suspended substances in the observation areas varied in the range 4.17-
9.01 mg/l. The average, by regions, the concentration of suspended substances on the shelf 
of Georgia was slightly higher than on the north-western shelf. In the open deep-water part 
of the sea the concentration of suspended substances was on the average less than in the 
shelf regions. The maximum concentrations of suspended substance were observed in the 
Batumi area in the zone of influence of the Chorokhi River of 9.01 mg/l and in the region of 
the Danube runoff - 7.88 mg/l (Figure IV.6.13.). Relatively increasement of the concentrations 
of suspended substances on the surface and near-bottom layer of 6.63 - 6.87 mg/l were 
observed in the dumping area of the Black Sea port. 

 

      
                           a                                                                                      b 

Figure IV.6.13. Distribution of suspended particles on the surface (a) and near-bottom 
layers (b) on the northwestern shelf of the Black Sea  

during the survey of NPMS UA in May 2016. 
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IV.7 Black Sea eutrophication integrated assessment 

S. Kovalishyna1, V. Ukrainskyy1 

1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

 

IV.7.1 BEAST Method 

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 
MSFD Commission Decision into consideration. 

Thus, BEAST categories are divided into three criteria: C1 - causes of eutrophication, C2 - direct 
effects and C3 - indirect effects. Each criterion could have a set of indicators (based on 
availability and expert choice). The result of each indicator status is done by EUT_Ratio and it 
is included, according to its own weight (chose by expert), into a qualitative response: high, 
good, moderate, poor and bad. 

For evaluation of EUT_Ratio are used:  

• RefCon - background value for the parameter from reference sources;  

• Target - target concentration parameter;  

• AcDev - permissible deviation from background values (RefCon), if the value of the 
indicator is in direct dependence to eutrophication, i.e., its value increases with 
increasing levels of eutrophication, we accepted AcDev = +50%; if the value of the 
indicator decreases with increasing eutrophication, we accepted AcDev = - 20%.  

• AcStat – actual values of parameter obtained by observation.  

Background values and target concentrations were taken from the Final Report 
'Environmental monitoring of the Black Sea with focus on nutrient pollution' (Acronym: 
baltic2black. A list of the set of indicators used to assess BEAST method is presented in Tables 
1-3. 

Table IV.7.1. The assessment includes the following indicators (RefCon and Target) Ukraine 
and deep-sea. 

Parameter 

UA Dnieper  (transitional) UA Dniester (transitional) UA Danube (transitional) 

Ref Targ Ref Targ Ref Targ 

Spring 

DIP (μmol/l) 0,25 0,38 0,27 0,40 0,34 0,51 

DIN (μmol/l) 1,04 1,55 2,46 3,68 4,06 6,08 

Chl-a (μg/l) 0,80 1,20 0,60 0,90 1,20 1,80 

Fito B (μg/m3) 1078,3 1617,5 1078,3 1617,5 3553,0 5329,5 

O2  % 106,2 84,96 113,0 90,40 112,4 89,92 

Parameter 

UA NWBS Mixing UA NWBS Central W deep-sea (marine) E deep-sea (marine) 

Ref Targ Ref Targ Ref Targ Ref Targ 

Spring 

DIP (μmol/l) 0,09 0,14 0,07 0,11 0,06 0,10 0,05 0,07 

DIN (μmol/l) 0,61 0,91 0,36 0,54 0,47 0,71 0,37 0,56 

Chl-a (μg/l) 0,50 0,75 0,45 0,68 0,20 0,30 0,20 0,30 

Fito B (μg/m3) 197,5 296,3 155,3 233,0 155,3 233,0 155,3 233,0 

O2  % 105,1 84,08 104,3 83,44 105,1 84,08 105,2 84,16 
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Table IV.7.2. The assessment includes the following indicators (RefCon and Target) Georgia. 

Parameter 
GE (coastal) 

Ref Targ 

P(PO4) (μmol/l) 0,5 0,75 

N(NO2) (μmol/l) 0,5 0,75 

Chl-a (μg/l) 4,0 6,00 

Si(SiO4) (μg/l) 7,1 10,71 

O2  % 105,0 84,00 

Table IV.7.3. The assessment includes the following indicators (RefCon and Target) Russian 
Federation. 

Parameter 
RF (estuarine) RF (coastal) RF (marine) 

Ref Targ Ref Targ Ref Targ 

P(PO4) (μmol/l) 0,26 0,38 0,26 0,38 0,26 0,38 

N(NO2) (μmol/l) 0,21 0,32 0,21 0,32 0,21 0,32 

N(NH4) (μmol/l) 2,89 4,34 2,89 4,34 2,89 4,34 

Chl-a (μg/l) 0,9 1,35 0,9 1,35 0,9 1,35 

O2  (μmol/l) 221,9 177,50 221,9 177,50 221,9 177,50 

 

Value of EQR (environmental quality ratio) is calculated for each indicator, but a complete 
classification of the status of water depends on a combination of indicators. To begin with, we 
determine the limits of class for each indicator, and also class limits foreach group of 
indicators. The share of contribution for each indicator is accepted from 25% to 75%. The final 
assessment of water quality varies in the range from 0.5 to 2 and corresponds to 5 classes 
(Table IV.7.4). 

Table IV.7.4. Range of water quality according to BEAST method. 

EQR Value of BEAST 
Water quality 
by BEAST 

MFSD 

EQR «RefCon»/«High» <0,5 Hight 
GES 

EQR «High»/«Good» 0,5 - 1 Good 

EQR «Good»/«Moderate» 1,01 - 1,5 Moderate 

not GES EQR «Moderate»/«Poor» 1,51 - 2 Poor 

EQR «Poor»/«Bad» >2 Bad 

 

IV.7.2 Method of E-TRIX 

The integral indicator E-TRIX, which is associated with the characteristics of the primary 
production of phytoplankton and food factors (concentration of nutrients). In the calculated 
formula of E-TRIX index the following indicators of the ecosystem are included: the 
concentration of chlorophyll-a as an analogue, which replaces the indicator of autotrophic 
phytoplankton biomass; deviation of oxygen saturation from 100% as an indicator of the 
intensity of the primary production system, which includes both the active phase of 
photosynthesis and phase of respiration predominance; concentration of total phosphorus 
and mineral nitrogen as indicators of the presence of nutrients. The advantage of the 
indicators which are included in the index E-TRIX, in relation to the large number of other 
criteria for assessment of water quality was examined in the article (Vollenveider, 1998).  

Values of E-TRIX index vary according to the trophic conditions of water and range from 0 to 
10, and the rating of trophic level and water quality is estimated by the values of the index as 
shown in Table IV.7.5.    
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Table IV.7.5.  Characteristics of waters according to E-TRIX value. 

MSFD Water quality 
Value of 

E-TRIX 
Trophic level Characteristics of water 

GES 

Hight <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 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 

 
Methodological aspects in determining the E-TRIX index by the averaged data of individual 
measurements, and by calculation for the initial data and subsequent averaging of index 
values, were discussed in (Ukrainsky, 2010). In the calculation, formula uses standard and 
most frequently measured hydrochemical and hydrobiological characteristics of marine 
waters, the number of parameters does not change, which makes it possible to compare the 
values of E-TRIX for different areas of the sea and oceans. 
 

IV.7.3 Results of assessment by BEAST 

IV.7.3.1 Ukrainian region of the Black Sea (NPMS UA) 

For the assessment by BEAST method in the north-western Black Sea shelf were used upper 
mixed and near bottom layer of 15 stations. For the upper mixed layer the environmental 
status at 8 stations was worse than GES (Figure IV.7.1.).   

  

a b 

a – surface; b- bottom 

Figure IV.7.1. Assessment of the environmental status by BEAST method of the Ukrainian 
region of the Black Sea (NPMS UA). 
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“Poor” and “bad” indicators for this area were phytoplankton and chlorophyll-а parameters, 
which was caused by the bloom of diatom microalgae Pseudo-nitzschia delicatissima. The 
average concentration of chlorophyll-а was 19.5 µg/l. In the near bottom layer the situation 
was better, about half of the water area was in good environmental status, and not GES status 
was registered only for surroundings of station No. 8 and a part of the Danube region, due to 
high concentration of mineral nitrogen in the bottom layer (15.51 μmol/l). Such concentration 
in the bottom layer may be explained by the depth of the station (52 m), which is rather 
unusual for the shelf area.   

IV.7.3.2 Georgian region of the Black Sea (NPMS GE) 

For the assessment by BEAST method in the Georgian shelf waters were used upper mixed 
layer, lower photic and near bottom layer of 15 stations (Figure IV.7.2.).  

  

a b 

a – surface; b- bottom 

Figure IV.7.2.  Assessment of the environmental status by BEAST method of the Georgian 
region of the Black Sea (NPMS GE). 

According to the BEAST assessment, most of the upper mixed layer of Georgian shelf was in 
GES. The border of not GES in the north part of the shelf near the coast was probably due to 
the influence of Poti port, where high concentration of Si- (SiO4) (28.84 μmol/l) was registered. 
In the lower photic zone (depth of 18 - 42 m) the assessed status corresponds to the GES. 
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IV.7.3.3 Russian region of the Black Sea (NPMS RF) 

For the assessment by BEAST method were used upper mixed and near bottom layer of 11 
stations (Figure IV.7.3.).  

  
a b 

a  – surface; b – bottom 
Figure IV.7.3. Assessment of the environmental status by BEAST method of the Russian 

region of the Black Sea (NPMS RF). 

The whole area was rated as GES at the upper mixed and near bottom layers. At the station 
No. 2 the status was “poor” due to the high concentration of ammonium (25.3 N-(NH4) μg/l), 
which is a consequence of anthropogenic pollution. 

IV.7.3.4 Kerch Strait 

In the Kerch Strait region for the assessment by BEAST method were used upper mixed and 
near bottom layer investigations (Figure IV.7.4.).  

   
a b 

a  – surface; b – bottom 

Figure IV.7.4. Assessment of the environmental status by BEAST method of the Kerch Strait 
region (NPMS RF). 
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At the upper mixed layer in the middle of the strait towards the Sea of Azov, not GES status 
was defined by BEAST due to the increased concentration of chlorophyll-a and the mineral 
phosphorus (average concentrations were 3.4 μg/l and 28.2 μg/l, respectively). In the middle 
of the strait the status defined by BEAST was “poor” (not GES). It was due to the high 
concentration of N-(NO2) (average 10.5 μg/l), and the high concentration of chlorophyll-a (2.1 
μg/l). 

In the bottom layer located at the border of the Kerch Strait and the Black Sea (western part 
of the island of Tuzla) status by BEAST corresponds to GES. However, in the same area, not 
GES status was registered due to the increased concentration of chlorophyll-a (4.45 μg/l). 

From the middle of the Strait in the direction of the Sea of Azov the water quality is in not GES 
status due to high concentrations of mineral phosphorus and chlorophyll-a (average 
concentration of 35.5 μg/l and 3.4 μg/l, respectively). Due to the shallow area, the assessment 
of the upper mixed and near bottom layers were similar.  

 

IV.7.3.5 JOSS RF 

According to BEAST assessment at 5-miles transect near Gelendzhik the waters were in GES 
(Figure IV.7.5.). 

 
Figure IV.7.5. Assessment of the environmental status by BEAST method at 5-miles 

transect near Gelendzhik (JOSS RF, May 2016). 

 

IV.7.4 Results of assessment by E-TRIX 

To assess the status of the marine waters of different regions of the Black Sea by E -TRIX were 
used input data from the same sampling stations as for the assessment by the BEAST method. 

IV.7.4.1 Ukrainian region of the Black Sea (NPMS UA) 

Most part of NWBS corresponds to GES status (Figure IV.7.6.). Not GES status was assessed 
only for the upper mixed layer in a part of the Danube region, due to high concentration of 
chlorophyll-a and phosphorus. 
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a b 

a – surface; b- bottom 

Figure IV.7.6. Assessment of the environmental status of the Ukrainian region of the Black 
Sea (NPMS UA) by E-TRIX method. 

 

IV.7.4.2 Georgian region of the Black Sea (NPMS GE) 

The whole area was rated as being in GES both at the upper mixed and lower photic layers 
(Figure IV.7.7.). 

  

a b 

a – surface; b- bottom 

Figure IV.7.7. Assessment of the environmental status of the Georgian region of the Black 
Sea (NPMS GE) by E-TRIX method. 
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IV.7.4.3 Russian region of the Black Sea (NPMS RF) 

The whole area was rated as being in GES on the surface and bottom layers (Figure IV.7.8.). 

  

a b 

a – surface; b – bottom 
Figure IV.7.8. Assessment of the environmental status of the Russian region of the Black 

Sea by E-TRIX method. 

 

IV.7.4.4 Kerch Strait 

In the Kerch Strait region, inconsistency in assessing GES status was due to the high 
concentration of chlorophyll-a and mineral phosphorus (Figure IV.7.9). 

  
a b 

a - surface; b - bottom 
Figure IV.7.9. Assessment of the environmental status of the Kerch Strait Region by E-TRIX 

method. 

The results of assessment by BEAST and E-TRIX methods of the studied area of the Black Sea 
are shown in Figure IV.7.10. 
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a 

 
b 

Figure IV.7.10. Assessment of the environmental status of the studied Black Sea areas in 
2016 by BEAST (a) and E-TRIX (b) methods 

The environmental status evaluated by BEAST and E-TRIX was mostly the same. BEAST method 
is more sensitive than E-TRIX, because it uses a larger set of indicators. In some cases, 
“moderate” water quality status evaluated by method E-TRIX, corresponds to “bad” status by 
BEAST. 

Inconsistency in GES status in NWBS was due to the bloom of microalgae in the upper layers 
and the high concentration of mineral nitrogen in the bottom layer. In the Georgian shelf, the 
status by BEAST for upper mixed and lower photic layer was GES. In the Kerch Strait region, 
inconsistency in GES status was due to the high concentration of mineral phosphorus, 
chlorophyll-a and N-NO2. 
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IV.7.5 Bioassay and bioindication 

L. Krasota1, A. Rachinskaj1 
1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

 

Bioassay environmental quality of the Black Sea in the summer of 2016 was held in UkrSCES 
on the mussels larvae (Mytilus galloprovincialis Lamarck). The method of evaluation 
development of mussel larvae (the early stages of embryogenesis) under the influence of 
various environmental factors was recommended on program TACIS «Mussel Watch» Black 
Sea as an illustrative way bioassay of quality marine environment [Workshop, Ukraine, May 
1999]. Evaluation of the toxicity of water environment for the larvae of bivalve mollusks was 
carried out on Criteria proposed in 1965 Woelke [ His Edouard,1995]: < 5 % abnormal larvae 
– non toxic; from 5 % to 15 % abnormal larvae – slightly toxic; > 15 % abnormal larvae – toxic; 
> 50% abnormal larvae – the lengthy lethal threshold is reached; > 90% abnormal larvae – 
lethal. 

According to the results of the Black Sea waters bioassay established: 

- in the any region of the sea the water environment not conducive to the development 
of mussel larvae to 95% normal morphology (Figure IV.7.11.), that by the Woelke's 
criteria weren't not toxic; 

 

 
Figure IV.7.11 The results of bioassay of water quality in the Black Sea on mussel larvae in 

summer 2016 (% normal larvae) 

 

- on an ecological state of the marine environment affect not only antropogenic factors, 
but and natural abiotic factors that affected the performance of morphogenesis 
juvenile stages of mussels in the surveyed waters (station number 6 NPMS-UA, where 
salinity was only 9,385 ‰ and did not meet the norm for development most aquatic 
organisms of Black Sea and caused 100% mortality of bivalve larvae); 



Scientific Report – Joint Black Sea Surveys 2016 

 

291  

- in the Ukrainian part of the sea the environment characterized by a significantly worse 
on indicators embryonic morphogenesis mussels, than the waters off the coast of 
Georgia (were received 12-32 % and 56-66 % normal formed test-objects, 
respectively); 

- in the open part of the sea quality of environment was much better for the 
development of normal larvae of mussels than in coastal areas that is clearly visible on 
the station № 3C JOSS Ukrainian shelf and on the station № 12C JOSS near the 
Georgian part of the sea (in waters of which are formed, respectively, 59 % and 75 % 
of larvae normal morphology). 

Environmental assessment of the Black Sea by a method bioindication on systematic, 
quantitative, morphological, halobiont and saprobiological indicators of algae 
microphytobenthos was performed in UkrSCES in summer 2016. 

Species composition microphytobenthos of the investigated waters formed mostly diatoms. 
In the Ukrainian part of the sea them were found 16-67 (mainly due to representatives of the 
genera Diploneis and Amphora), and in the Georgian part – 2-25 species (mainly as a result of 
development species of genus Navicula). The total abundance of microphytes equaled 
2957,69-8989,52 x 106 cells/m2 in Ukraine and 2435,74-6777,48 x 106 cells/m2 – in Georgia. 
Them biomass amounted to 596,82-11999,64 and 22,24-7386,27 mg/m2. The basis of 
microphytobenthos abundance everywhere composed cyanonoprokaryotes, biomass – 
diatoms. Most intensive development of microphytes observed in the coastal waters. By 
obtained indicators of biomass (according to the characteristics of trophic categories of the 
Ukrainian water bodies [O. Оксиюк 1994]) environment of Ukrainian part of the Black Sea 
mostly belongs to the class "eutrophic" and Georgian - to the classes "mesotrophic" and 
"oligotrophic". In the Odessa Bay singly were recorded abnormal cells of diatom Tryblionella 
gracilis. 

Regarding the water salinity found species of benthic microphytes throught were mostly poly- 
and mesohalobic that are representatives of marine and brackish waters. Oligohalobes 
(halophiles and indifferentes) were more common in the Danube, Dnieper and the 
Transnistrian regions. 

In the territorial waters of Ukraine the total number of saprobiontes in microphytobenthos 
was in 1,8-11,0 times higher than near the coast of Georgia (Figure IV.7.12.). Anyplace were 
prevailed β-mesosaprobes (indicators of moderate organic pollution [C. Баринова 2006]). The 
quantitative of α-mesosaprobes (indicators of significant organic pollution) in the Ukrainian 
part of the Black Sea was in 2,5-3,0 times higher than in less eutrophicated Georgian waters. 
The highest number of saprobiontes, including α-mesosaprobes, was inherent for waters 
affected by river flow. 

Thus, bioassay of the water quality marine environment (by the indexes of morphogenesis of 
mussels larvae on early stages of development) and bioindication of quality of marine 
environment (over condition of microphytobenthos development) showed that the Black Sea 
water area near the coast of Ukraine is more anthropogenic polluted and eutrophic than near 
the coast of Georgia. 
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a) Ukrainian part of the sea 

 
b) Georgian part of the sea 

Figure IV.7.12 The saprobiont composition of algae microphytobenthos Black Sea (a, b) in 
summer 2016. 
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IV.7.6 Conclusions 

The application of BEAST and E-TRIX methods for the assessment of the level of 
euthrophication in the different regions of the Black Sea allowed to distinguish several areas 
which were in 'not GES'. While the major part of the investigated areas were in 'GES', both in 
the surface and deep waters (Georgian waters, Gelendzhik area at 5-miles transect, southern 
part of the Kerch Strait area and the large part of the North-Western Shelf UA) some waters 
were in 'not GES'. The surface waters influenced by the Danube discharge in May 2016 strongly 
'jumped over' the 'not GES' threshold due to the large diatom bloom. Another non-compliance 
was recorded in the northern part of the Kerch Strait on 8 - 9 August 2016. In this case it was 
not the phytoplankton bloom, but high concentration of nutrients coming from the Azov Sea 
which was responsible for exceeding the 'GES' threshold. In general, it can be concluded that 
the Black Sea coastal and open waters are mostly in 'GES' with several special exclusions 
connected with intensive inflow from large rivers and the Azov Sea. 

In long-term scaling the climate changes manifested through the alteration of the rivers 
hydrological regime, seawater temperature increase, intensification of the water masses 
stratification, winds and currents regime etc., are important influencing factors of the current 
eutrophication status of the Black Sea waters. 

GAPS RECOMMENDATIONS 

In the method BEAST the indicators of 
regional levels slightly varied, 
therefore some difficulties appeared in 
the joint approach to the assessment. 

It is necessary to develop or upgrade at the regional level 
the reference concentration of main indicators – mineral 
nitrogen, mineral phosphorus/phosphates, chlorophyll-a 
and oxygen. 

 For the complex assessment by the BEAST method it is 
necessary to develop and/or upgrade the reference levels 
for biological parameters – phytoplankton, 
mesozooplankton, macrozoobenthos, 
macrophytobenthos etc. 
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IV.8 HYPOXIA 

M. Gregoire1, A. Capet1, L. Chou2, A. Plante2, N. Fagel1, A. Teaca3 

 
1 University of Liège, Belgium 
2 University of Brussels, Belgium 
3 National Institute for Research and Development of Marine Geology and Geoecology (GeoEcoMar), Constanta, 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. 

 

IV.8.2 Introduction 

The problem of decreasing oxygen content (deoxygenation) of coastal and oceanic waters 
worldwide has worsened in recent decades, primarily as a result of climate change, 
agricultural runoff and inputs of human waste. Deoxygenation of marine waters is predicted 
to further worsen with continued increases in global temperatures and human population 
size, with widespread consequences. Recently, the International Oceanographic Commission 
of Unesco (IOC-Unesco) has launched a global oxygen network (GO2NE) in order to raise 
awareness about the deoxygenation issue and to crystallize the disparate efforts that are 
taken worldwide.  
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Below a given threshold, low oxygen conditions impact biogeochemistry and the degradation 
of organic matter uses an alternate oxidant than oxygen. It is usually considered that suboxic 
conditions prevail when O2<1 µmol/L, which is when denitrification dominates. Low oxygen 
values also affect ecosystem functioning and the generic term of hypoxia is used to refer to 
oxygen concentrations that will be detrimental for living communities (e.g. O2 < 63 µmol/l). It 
would be more appropriate to speak about specific threshold since each species has its own 
level of tolerance to deoxygenation (e.g. Vaquer-Sunyer and Duarte, 2008). Although 
deoxygenation is a worldwide phenomenon of global concern that may compromise the Good 
Environmental Status (GES) of marine waters there are still a lot of uncertainties on its 
dynamics, fate, causes, impacts. It is thus urgent to tackle hypoxia through a holistic approach 
combining field work, laboratory experiments and the development of science-based tools 
targeted towards the understanding and prediction of deoxygenation.   

Towards that aim, various international and national initiatives have been conducted in the 
Black Sea in order to investigate its vertical chemical structure and in particular its oxygen 
conditions (e.g. KNORR and Geotraces expeditions, EU FP7 Hypox project, INCO-VENTIL).  
Recently, the BENTHOX project (http://labos.ulg.ac.be/mast/) is completely dedicated to the 
development of tools to understand and mitigate bottom hypoxia on the north western shelf 
and in cooperation with EMBLAS (i.e. Environmental Monitoring in the Black Sea; 
http://emblasproject.org/) to the collection of oxygen data throughout the shelf  in order to 
understand the impact of benthic hypoxia on biogeochemistry and ecosystem functioning.  

These initiatives have provided essential information on the understanding of the oxygen 
dynamics (e.g. Murray et al., 1992; Gregoire et al., 2001) but still uncertainties remain on for 
instance the long term fate of the anoxic and suboxic layer, vertical oxygen content, extension 
and management of shelf hypoxia,  the adequate deployment of a monitoring system that 
could serve as an alarm in case of hypoxic conditions,  the impact of hypoxia on ecosystem 
and in particular aquaculture. 

Thanks to the EMBLAS project, a unique opportunity was given to sample sediment and 
bottom waters throughout the Black Sea north-western shelf. To our knowledge this did not 
happen anymore since the EROS21 project that covered the whole shelf. The  aims were  
developing appropriate assessment tools and methodologies to better understand the 
mechanisms behind hypoxia and the impact of hypoxia on the status of the benthic ecosystem 
and biogeochemical cycling.  
 
The following key scientific questions were addressed:  

1) What is the impact of bottom hypoxia on benthic nutrient cycling, benthic-pelagic 
fluxes and the activity of benthic organisms?  

2) Which (paleo)-proxies can be used to reconstruct the long term history of hypoxia?  
3) Which tools can be used to provide management strategies that will control the level 

of bottom hypoxia and preserve the Good Environmental Status (GES) of marine 
waters?  

4) Which tools can be used to investigate and differentiate the drivers of bottom 
hypoxia?   

 

http://emblasproject.org/
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IV.8.3 Materials and methods 

The analysis of new and already existing data were combined with the use of models 
(mechanistic and statistical) in order to tackle the multiscale aspects of hypoxia and to answer 
the 4 key scientific questions. This required the collection of new data in order to link 
punctually the dissolved O2 level, the benthos, the benthic-pelagic fluxes and diagenetic 
processes. This type of information is currently missing as past data collection focuses either 
on the sediment chemistry or on the habitat but not on both aspects at the same time and 
place. Furthermore, during the last decades, very few data have been acquired during hypoxia 
events. New data will be collected in the framework of EMBLAS.  

Field Observations realized during EMBLAS 

Benthos. We focused on the macrofauna. Through their metabolic processes, macrofauna are 
the main players in the biologically mediated transport of materials through the sediment and 
are thus considered to influence strongly benthic-pelagic coupling. In addition, macrofauna 
are frequently used as bioindicators because they rapidly respond to environmental stress. 
We expect thus to find a significant link between macrobenthos composition, benthic fluxes 
and O2 levels. For each sampling site, 4 replicates were collected (they were sieved through 1 
mm size mesh and preserved in a formaldehyde seawater solution). In the laboratory, the 
benthic community was identified at species level. 

Microprofiling, geochemical analyses of bottom water and porewater. High-resolution 
geochemical gradients (T°, pH, H2S, O2) in the sediments were measured onboard, using a 
motorized microprofiler equipped with various microsensors. Porewaters (5 - 20 mm 
resolution) have been extracted from the sediments using Rhizons. Bottom water and 
porewaters were determined for various parameters: dissolved O2 by (micro)sensor; pH by 
microelectrode and alkalinity by gran potentiometric titration or by colorimetry, allowing the 
calculation of dissolved inorganic carbon speciation and thus the determination of total 
dissolved inorganic carbon concentration; dissolved nutrients (NH4,NO3/NO2, PO4 Si) by 
colorimetry; dissolved organic carbon by high-temperature catalytic oxidation; sulfate and 
chloride by HPLC, sulfide by photometric methylene blue method; and dissolved Fe and Mn 
by electrothermal atomic absorption spectrometry or ICP-OES. 

Analyses of solid phase. The sediment samples were characterized in terms of texture 
(lamination by radiography SCOPIX), grain size (laser diffraction); density, water content, 
porosity and organic matter by Loss Of Ignition (LOI) at 105 & 550°C; mineralogy (bulk minerals 
by X-ray diffraction, glauconite and sulphide phases like pyrite framboids by Scanning Electron 
Microscope, SEM); biology (relative abundance of hypoxia-tolerant species by binocular loupe 
and SEM); organic (C/N, δ13C and δ15N by IR-MS) and inorganic (Al, S, V, Sc, Ti, V, Mn, Fe, Co, 
Ni, Cu, Zn, Mo and U by core scanner X-Ray Fluorescence; ICP-MS for calibration, Atomic 
Absorption Spectrometry (AAS) for degree of pyritisation) geochemistry. The bulk 
mineralogical (detrital minerals), organic (TOC, C/N, δ13C and δ15N) and inorganic (Al, Sc, Ti) 
geochemical composition of the sediment were used, in combination with density and 
sediment accumulation rate, to estimate the detrital fluxes. The sediment accumulation rate 
and the thickness of the mixing layer were estimated by gamma counting of radionuclides 
(234Th, 228Th, 210Pb, 226Ra, 137Cs). This allowed for appraising the impact of contrasting 
environmental conditions and in particular, of low O2 values, on the integrated bioturbation 
potential of the benthos. 

Determination of benthic fluxes. Sediments, strongly impacted by benthic fauna through 
particle mixing and bio-irrigation, are challenging in terms of rate and flux measurements. 



Scientific Report – Joint Black Sea Surveys 2016 

 

297  

Therefore, a combination of two methods was used to obtain an accurate estimation of the 
benthic O2 consumption rate as proxy of the overall intensity of mineralization: microsensor 
profiling and core incubations. The comparison of the two estimations of the O2 flux across 
the sediment-water interface allowed us to assess the impact of the benthos on O2 
consumption. It should be noted that on the BS-NWS in such shallow waters with cohesive 
sediments O2 microsensor profiling in addition to shipboard incubations is a good combination 
of techniques that has been successfully used in various EU projects (EROS21, HYPOX, Sesame) 
with results published in peer review literature. In parallel to dissolved O2 flux measurements, 
benthic fluxes of dissolved nutrients (N, P, Si) will in addition be determined based on 
porewater nutrient profiles and core incubations (e.g., denitrification). 

 

 
Figure IV.8.1. Field work – collection of samples for hypoxia assessment 

Modelling and data analysis 

A tri-dimensional coupled hydrodynamic-biogeochemical model that describes 
biogeochemical processes from the surface to the bottom. The model has been described in 
Grégoire et al., 2004, 2008 and Capet et al., 2012. Its application to the study of the occurrence 
of hypoxic events on the Black Sea north-western shelf is described in Capet et al., 2013.  

 

IV.8.4 Results and discussion 

Deoxygenation on the northwestern shelf 

In his seminal paper on reviving Dead Zones, Mee (2006) raises awareness on the occurrence 
of hypoxia along the Romanian and Ukrainian coasts in the 70s and 80s. The occurrence of 
these dead zones is thought to kill an estimated 60 million tons of bottom living species. Mee 
estimates that this dead zone extends up to a surface of 40,000 km2 at its extreme in the 90s 
which represents more than half of the shelf surface and is almost twice the extension of the 
dead zone in the Gulf of Mexico off the Mississippi River delta. Eutrophication has been 
identified as the main driver of the hypoxic events that occurred from the end of the 70s until 
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early 90s. Indeed, the increased nitrogen and phosphorus inputs to the northwestern shelf 
intensify the phytoplankton blooms whose significant fraction reaches the bottom to be 
degraded by bacteria. From the end of spring until late summer, the shelf circulation is anti-
cyclonic and hence the Danube’s discharges are first transported to the northern shelf where 
they lead to huge blooms. During that period, the water column is strongly stratified by the 
formation of the seasonal thermocline but also by the presence of a halocline associated to 
the river discharges. This strong stratification prevents the ventilation of bottom waters and 
leads to the occurrence of an OMZ on the bottom. In the 90’s, nutrient runoff sharply dropped 
off due to the agricultural and industrial activities that slowed down due to the collapse of the 
communist regime in eastern Europe and it was often argued that the Black Sea shelf 
recovered from bottom hypoxia after the decrease of eutrophication. However, Capet et al., 
(2013) show that bottom hypoxia still occurs in summer in the northern part of the shelf. This 
finding has been corroborated by Ukrainian data sets (Figure IV.8.2.).  

The cause of this prolongation of hypoxia is the sediment that continues to consume large 
oxygen quantities to remineralize the organic matter accumulated during the previous years. 
Sediment inertia has already been pointed out as a factor that delays the recovering from 
hypoxia and complicates the prediction of the time scale necessary to restore the system. 
Capet et al. (2013) estimate an inertia-timescale of ~9 years.  During the last decade, climate 
warming with the reduced spring ventilation (due to lower oxygen solubility) and the 
extension of the summer stratification period is the main driver of seasonal hypoxia (Capet et 
al., 2013).  

 
Figure IV.8.2: (a) Area affected by hypoxia, redrawn from Zaitsev (1997), and locations of 
hypoxic records from the WOD database. (b) Extension of the surface affected by bottom 

hypoxia, as reported in the literature (Mee, 2006; UkrSCES, 2002)  
and simulated by the 3-D model (Capet et al., 2013). 

 

IV.8.5 Conclusions, recommendations and gaps 

Managing hypoxia 

The Black Sea needs an integrated observing system targeted towards the monitoring of the 
Good Environmental Status (GES) of its ecosystem. The occurrence and extension of OMZ may 
compromise the GES and hence should be carefully monitored. In the northern part of the 
shelf the occurrence of seasonal hypoxic events may be detrimental for the benthic ecosystem 
and marine resources. An alarm system is needed in targeted places (e.g. aquaculture, 
sensible species).  
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Figure IV.8.3. Distribution of data collected during the last decades and available in the 

World Ocean data base. After 1995, no data has been collected in areas and during periods 
of occurrence of hypoxia. 

 

The Millennium Ecosystem Assessment report released by the United Nations in 2005 
reported that the supply of nitrogen-containing compounds to the sea is expected to grow by 
65 percent by mid-century. Climate warming will add another threat because higher 
temperatures will reduce the ventilation mechanisms by extending the length of the 
stratification period and reducing the solubility of oxygen in warmer waters. In the case of the 
Black Sea, governments of riparian countries aided by the United Nations Global Environment 
Facility have agreed to pursue an initiative to maintain nutrient runoff levels at those of the 
mid-1990s.  

The definition of an “acceptable” level of nutrient discharges is of course a challenging issue 
that depends on the level of hypoxia that can be tolerated. We start to realize how hypoxia 
may affect ecosystem functioning, biogeochemistry, marine resources but still significant 
efforts are needed in order to better quantify and value the impact hypoxia may have on the 
goods and services provided by the sea at the scale of the shelf. Robust science-based tools 
that make the link between the different processes and scales at stake combined with a 
targeted observing system are needed. Towards that aim, Capet et al. (2013) proposes the 
definition of an H index that can been seen as an environmental indicator of the severity of 
hypoxia. This index integrates the spatial and temporal dimension of the problem. Figure 
IV.8.4 shows the evolution of this H index as a function of the amount of nutrients discharged 
by the Danube (here nitrogen) for climate conditions typical of 1981 - 2009 (black curve) and 
2015 - 2020 (red curve).  

We can see that if one wants to keep the level of hypoxia unchanged (H constant) in the 2015 
- 2020 climate, the nutrients discharged havve to be decreased. If not, the level of hypoxia will 
increase because in a warming world the solubility of oxygen will decrease and the 
stratification will intensify. The key message is that the management of hypoxia has to take 
into account the warming of the climate.   
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Figure IV.8.4: Level of hypoxia, H, reached at “equilibrium” for a range of nitrate  

riverine load, N. 

Coloured dots: results from the tridimensional physical-biogeochemical model; dotted lines: 
results from a statistical non-linear model obtained by fitting 3D model predictions. The black 
dotted line represents the relationship obtained for a climate typical of 1981 - 2009 while the 
red one shows results for a climate typical of the period 2015 - 2020.  (Figure reproduced from 
Capet et al., 2013, for further details please refer to this paper). 
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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” (Water Framework Directive, 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. 
 

V.1.1.1 Available information on contaminants in the survey area 

Chemical pollution of the northern Black Sea 

Four main environmental problems of the Black Sea, as they are determined in the Strategic 
Action Plan for Rehabilitation and Protection of the Black Sea, are connected with four basic 
pollution agents: nutrients, pathogenic microorganisms, toxic substances and alien species. 
The main ecological problems of the Black Sea are most actually showing in the inshore and 
in the shelf zones, where the maximal influence of the sources of contamination is watched 
[1]. 
The Ukrainian Scientific Centre of the Ecology of Sea (UkrSCES) is carried out the ecological 
monitoring of the Black Sea since the beginning of 1990s. It is more than 30 expeditions were 
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carried out during the 1992 – 2012. The researches were focused on the two main ecological 
problems of the Black Sea: 1 – eutrophication of seawater and negative ecological effects of 
this phenomenon; 2 - chemical and radioactive pollution of marine environment. 
The toxic substances (petroleum and chlorinated hydrocarbons, trace metals) are the constant 
components of the marine ecosystem. There are a high toxic polycyclic aromatic hydrocarbons 
(PAHs) are identified from the wide spectre of the Black Sea: acenaphthene, perylene, pyrene, 
fluoranthene, phenanthrene, 1,2 benzopyrene, benzo(a)pyrene (3,4 BP), 11,12- 
benzofluoranthene, chrysene, and some others [2, 3]. 
Oil and oil hydrocarbons belong to one of main contaminants of marine environment. As a 
result of anthropogenic activity marine environment the approximately three million tons of 
oil products enter annually. In various ways and from different sources they get in a marine 
environment, thus most contribution is made communal and river flow (32.8%), up cast 
directly in sea seawater, at the failures of tankers, at the extraction of oil on a marine shelf 
(26.9%) at transporting of oil by a sea (13.1%) [4]. 
Oil hydrocarbons, which meet in a marine environment, can have a different origin, both 
anthropogenic and natural. Concentrations of hydrocarbons of biological origin in tests usually 
far fewer, than concentrations of hydrocarbons are in muddy tests. For example, in the 
bottom deposits of off-shore districts of sea, a middle level of concentrations of hydrocarbons 
of biological origin is 5-10 mg/kg, and in muddy, as a result of overflows of oil, places of off-
shore bar of sea often measure the concentrations of oil hydrocarbons that excel 3000 mg/kg 
dry weight [5]. 
In all international conventions about defence of marine environment priority contaminants 
are acknowledge chlorinated hydrocarbons, including PCBs (group of substances, which 
counts 209 isomers with different toxicity and some most stable chlorinated pesticides behave 
to them. Their danger consists in that, being toxic and highly stable matters, they are able to 
accumulate in seawater organisms and migrate on biological and food chains, causing the 
sharp and chronic contamination, change of immunological activity, instrumental in the origin 
of malignant diseases and inherited illnesses, influence on hormonal processes etc. 
 

V.1.1.2 Seawater 

In seawater pollutants are in low concentrations, however permanent presence even of ultra 
low concentrations of toxic pollutants can render more ruinous influence on marine 

ecosystems, what them extras reception 6. 

Petroleum hydrocarbons 

From data of long-term observation of concentration of total petroleum hydrocarbons (TPHs) 
in sea seawater, as a rule, does not exceed maximum allowable concentrations (MAC) = 0,05 
mg/l. Average content of TPHs in superficial layer of seawaters at the opened area of 
economic zones of Ukraine is near 0,02 mg/l, in a range from the analytical zero to 1,03 mg/l. 

The average and extreme concentrations of petroleum hydrocarbons in seawater and bottom 
sediments of NWBS are presented in the Table V.1.1. 
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Table V.1.1. Extreme and middle values of concentrations of TPHs, in seawater and 
sediments of NWBS (1996 – 2012).  

Substances 

Number of 
observations 

Sea water 
(surface layer) 

Sediments, 
dry weight 

Sea water Sediments 

Aromatic 
hydrocarbons 

seawater (µg/l) 83 171 0,7 – 66 0,04 – 137,9 

sediments (mg/kg) 23,5 7,8 

3,4–BP 
seawater (ng/l) 129 171 0,0 – 7,2 0,0 – 180,6 

sediments (µg/kg)   0,34 7,52 

TPHs seawater (mg/l) 162 253 0,0 – 1,03 0,6 – 825,0 

sediments (mg/kg)   0,02 114,8 

 
From all PAHs most widespread from them is pyrene. He is in all samples, that conditioned 
him by the best solubility in seawater by comparison to other PAHs (solubility of pyrene in 
600 times more than 3,4-BP). The range of changes of concentrations of PAHs (except for 
pyrene) is from 0,1 ng/l to units of ng/l. PAHs with a depth within the limits of photic layer 
change insignificantly. The statistical descriptions of indicator PAHs in seawater are 
presented in the Table V.1.2. 

Table V.1.2 – Statistical characteristics of indicator PAH in surface water of NWBS  

 

PAHs 

Amount 

observations 

Percent 

cases 

exposure 

Range 

change 

ng/l 

Middle 

value 

 

Standard deviation 

Perylene 61 36 0,00 – 0,09 0,01 0,03 

3,4–BP 59 63 0,00 – 0,19 0,03 0,04 

Pyrene 59 100 0,03 – 3,32 0,97 1,07 

 

Chlorinated hydrocarbons 

The spectrum of the certain chlorinated hydrocarbons in seawater of the NWBS) is wide 
enough: total HCHs; DDT; DDE; DDD; aldrine, heptachlor, PCBs. Hexachlorbenzol, heptachlor, 
and aldrin are in seawater in very small concentrations - on the level of limit of detection. The 
middle level of concentrations of PCBs (Arochlor-1254, Arochlor-1260) on an approximately 
order exceeds the level of content of ∑DDT.  

In 1999-2012 the followings concentrations of chlorinated hydrocarbons were determinates 
in the superficial layer of seawater of the NWBS: content total HCH the interval of from 0,08 
to 300 ng/l,  ∑'-DDT – from 1,84 to 36,0 ng/l, p'-DDE - from 0,51 to 36,0 ng/l, p'-DDD – from 
0.18 to 6.6 ng/l, PCBs (in the equivalent of Aroclor 1254) - from <2 to 39 ng/l, and also 
individual PCBs – 18, 31, 52, 101, 138, 153, 180 and 183 – in the interval of from 0,02 to 3,66 
ng/l, the middle concentration  is 0,64 ng/l [7,8]. 

 

Trace metals 

The degree of trace metals toxicity is lowering in the row of Hg – Cd – As – Cu – Pb – Cr – Zn. 
The concentrations of most toxic metals in seawaters in the NWBS are negligible and an 
average of about one order of magnitude below the established standards MAC. The 
absolute concentrations of the metal content in marine seawaters decreased in the 
following order: Zinc> Arsenic> Copper> Lead> Chromium> Cadmium> Mercury (Table 
V.1.3.). 
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Table V.1.3. Concentrations of toxic metals in sea seawater [5] 

Metal Concentration of metals, µg/l MAC, µg/l 

Shelf Open seawater 

Mercury 0,010-0,162 
0,041 

0,005-0,075 
0,034 

0,1 

Arsenic 1,00-5,00 
2,28 

2,00-4,00 
3,00 

10,0 

Zinc 2,10-167,0 
22,83 

1,30-22,90 
12,87 

50,0 

Nickel 0,85-4,00 
1.96 

0,86-4,80 
2.38 

10,0 

Copper 1,90-140,4 
21,63 

1,80-11,30 
6,46 

5,0 

Lead 1,50-10,30 
3,56 

1,80-3,80 
2,83 

10,0 

Chromium 0,76-2,60 
1,55 

0,65-1,70 
1,04 

1,0 

Cadmium 0,15-0,87 
0,52 

0,23-0,28 
0,26 

10,0 

V.1.1.3 Sediments 

Research of quality of marine sediments, in comparison with sea seawater, allows executing 
better an estimation of level of chronic pollution of the sea environment as sediments are 
more conservative from the point of view of variability of the concentrations of polluting 
substances.  

Hydrophobic-lypophilic properties of petroleum and chlorinated hydrocarbons promote their 
substantial concentrations in suspended matter, hydrobionts and in bottom sediments. The 
probability of these toxic pollutants discovered in bottom sediments of the Ukrainian shelf 
area (including the open part NWBS) is near to 100% [3].  

Petroleum hydrocarbons 

The relatively aromatic and PAH content in the sediments being practically observing at all 
stations in the impact regions of the NWBS (Danube, Odessa regions, open part of NWBS) 
indicates to the chronically character of oil pollution. Ratios of pristane to phytane in the 
sediments are shown to be highest in the Ukrainian coastal zone seawater reflect the biogenic 
originated hydrocarbons [9]. 

Spectrum of concentrations TPHs and 3,4-BP in the sediments of NWBS is in the Figure V.1.1. 

   
Figure V.1.1. Histogram of distributing of concentrations of TPHs and 3,4 – BP in the 

sediments of NWBS (1992 – 2012). 
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From the 8 carcinogenic PAH (benz(a)anthracene, chrysene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenz(a,h)anthracene and 
benzo(g,h,i)perylene) in higher concentrations in the sediments were found for 
benzo(b)fluoranthene and benzo(a)pyrene. The average content of other carcinogenic PAH 
did not exceed 5 mg/kg [10]. 

On the whole, the level of content of sum of TPHs and individual PAH in the bottom sediments 
of Black Sea correspond 2- 3 quality class (good or satisfactory quality) [11, 12]. 

 

Сhlorinated hydrocarbons  

From data of UkrSCES within the limits of area did not the maximal concentrations of PCBs 
exceed the interval of values from 9.2 to 67,2 µg/kg, ∑DDT from 0,8 to 14,2 µg/kg, lindane – 
from 0,2 to 1,93 µg/kg of dry weight. 

The sum of chlorinated pesticides in sediments of shelf of Crimea changed from 12 to 312 
µg/kg of raw weight that answered categories from «good» to «bad» quality of the sediments 
and from «good» to «satisfactory» quality of PCBs [13]. 

Chlorinated hydrocarbons, being plugged in biogeochemical cycles, wide-spread in  
zooplankton, fish, zoobenthos and others hydrobionts. The separate results of researches of 
UkrSCES on distributing of chlorinated hydrocarbons in the main components of ecosystem 
are given in a Table V.1.4. 

Table V.1.4. Coefficients of accumulation of chlorinated hydrocarbons in the main 
components of ecosystem of the Black Sea [14] 

Element of ecosystem Coefficients of accumulation (interval) 

PCBs ∑DDT ∑HCH 

Zooplankton 
Zoobenthos 

Suspended matter' 
Sediments 

3.9 *104– 3.1 *105 

1.2 *104– 6.6 *104 

3.9 *105– 7.9 *106 

5.0 *102– 1.8 *104 

3.5 *104– 3.5 *105 

1.5 *104– 8.0 *104 

6.7 *104– 8.8 *105 

0.7 *102– 4.7 *104 

2.3 *103–5.8 *105 

0.0    – 1.7 *104 

0.0    – 6.0 *106 

0.0    – 2.0 *102 

Average concentrations chlorinated hydrocarbons in the sediments are not higher than the 
standards adopted in EC countries, but in estuary zones and in ports the toxic substances 
contamination is above the standards in particular cases. 

 

Trace metals 

Concentration of toxic metals in the NWBS sediments is not so big as for petroleum and 
chlorinated hydrocarbons. Their concentrations were changing in limits of (mg/kg of dry 
weight): Hg – from 0.05 to 0,28; As – from 2,6 to 17,9; Cd – from 0,12 to 0,49; Zn – from 30 to 
170;Pb – from 5,2  to 46,2;  Cu – from 13 to 85. 

The concentrations of the most part of toxic metals are not above the geochemical 
background values or standards adopted in the EU countries. An unfavourable situation for Zn 
and Cu was observed in the near-Danube region and in the Odessa Bay (zones of waste 
seawater influence) [15]. 

The estimation of the level of total pollution of sediments with application to the complex 
parameter considering of trace metals, petroleum and chlorinated hydrocarbons, has shown, 
that polluted areas concern near the mouth zones of Danube, Dniester, Dnieper and Southern 
Bug and in the local zones of sewage discharges (the Odessa Bay).  

Now the Black Sea endures new stage of anthropogenic loading that concerned with 
development of hydrocarbon resources of shelf and abyssal part of the sea. Therefore there 
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is a danger, that the local problems of toxic contamination, which one are now anchored with 
sources of contamination, can gain regional scale. First of all it refers to the oil contamination. 
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V.1.2 Materials and methods 

The study area for contamination state was the Ukrainian shelf sea waters. Map of sampling 
stations and stations coordinates and depths are presented on Figure V.1.2.  

Water samples for pollutants were collected from the surface layer (more precise, 1 m below 
the surface) from the 5 l Niskin bottles of the Rosette System. About 1 liter seawater was 
transferred into glass bottles, which were stored at refrigerator temperature until their 
subsequent analysis in laboratory. UkrSCES analysed the pollutants in water at stations of 1 
category. Sediment samples for pollutants were taken using a DCh-0 sampler grab (Figure 
V.1.3), from the surface undisturbed layer. UkrSCES collected sediment samples also on 
station of 1 category, for granulometry, heavy metals, 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 and responsible 
institutions are presented in the Table V.1. 

 
Figure V.1.2 - Map of monitoring sites for NPMS UA 

 
a       b 

Figure V.1.3 - DCh-0 sampler grab (a) and sediment samples collection (b) 
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The study area for NPMS RU contamination state was the Kerch Strait and Russian shelf . Maps 
of sampling stations are presented on Figure V.1.4.- V.1.6. Water samples for pollutants were 
collected from the surface layer (more precise, 1 m below the surface). About 3 liter seawater 
was transferred into glass bottles, which were stored at refrigerator temperature until their 
subsequent analysis in laboratory. Sediment samples for pollutants were stored frozen and 
analysed subsequently in laboratory. Details on specific seawater and sediment pollutants 
analysed, methods and responsible institutions are presented in the Table V.1.5. 

 

 
Figure V.1.4.  - Map of monitoring sites for NPMS RF (Sochi, November 2016) 

 

 

Figure V.1.5. Map of monitoring sites for NPMS RF (Blue (Golubaya) Bay), 2016 
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Figure V.1.6. Map of monitoring sites for NPMS RF (Region Anapa – Gelendzhik, 2016) 

 

Table V.1.5. Specific pollutants analysed in seawater and sediment sampled in May 2016 
during EMBLAS cruise, 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  

SRC 
“Gamma” 

X       

SOI X       

Gelendzhik X X      

RPA 
“Typhoon” 

  X X X   

Methods  GF-AAS 

Flame-AAS 

IR-Furie and 
Fluorescence 
method 

GC-MS  GC-ECD  GC-ECD  GC  

SEDIMENT POLLUTANTS  

Parameters Trace 
metals 

(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 

SRC 
“Gamma” 

X       

SOI X       

Gelendzhik X X X X   X 

RPA 
“Typhoon” 

 X X X X   

Methods  GF-AAS 

Flame-AAS 

IR-Furie and 
Fluorescence 
method 

GC-MS  GC-ECD  GC-ECD  GC  
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V.1.3 Results - Seawater 

V.1.3.1 Trace metals NPMS UA 

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 EMBLAS cruises, water samples from surface layer were collected for metals analysis. 
Total metals (dissolved and suspended forms) have been determined in unfiltered seawater 
samples, acidified up to pH=2 with Ultrapure HNO3. Metals were analysed by graphite 
furnace – atomic absorption spectrometry (GF – AAS).  

Metals concentrations in surface and bottom sea water collected during MAY 2016 in shelf 
waters of Ukraine were found to be rather low (Table V.1.6., V.1.7., Figure V.6-V.8) 

These measurements from May 2016 indicated a low level trace metal pollution of marine 
waters, concentrations of cadmium, lead and nickel being much below recommended EQS 
from European Legislation (Directive 2013/39/EU). 

Table V.1.6. Concentrations of metals in the sea surface water NPMS-UA 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS*  

Directive 2013/39/EU  

As µg/l 0,43 0 3,47  

Cd µg/l 0,00 0 0 1,50 

Cо µg/l 0,00 0 0  

Cu µg/l 0,32 0 1,39  

Hg µg/l 0,03 0,018 0,039  

Pb µg/l 0,20 0 1,60 14,0 

Zn µg/l 3,56 0 26,3  

Ni µg/l 5,25 0 21,9 34,0 

Cr µg/l 5,33 0 27,3  

Fe µg/l 12,5 0 86,0  

Mn µg/l 0,38 0 3,00  
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Table V.1.7. Concentrations of metals in the bottom water NPMS UA 

Metals Unit 
The average value for all samples in 

bottom water 
Min Max 

MAC-EQS*  
Directive 2013/39/EU  

As µg/l 0,26 0 2,09  

Cd µg/l 0 0 0 1,50 

Cо µg/l 0,26 0 2,09  

Cu µg/l 0,26 0 2,09  

Hg µg/l 0,056 0,018 0,260  

Pb µg/l 0 0 0 14,0 

Zn µg/l 0,14 0 1,10  

Ni µg/l 0 0 0 34,0 

Cr µg/l 3,72 0 10,7  

Fe µg/l 0 0 0  

Mn µg/l 3,25 0 26,0  

 

a) b) 
Figure V.1.7. Maximum, minimum and average value of Me in all samples 

of surface water (a) and bottom water (b) NPMS UA 
 

    
a)      b) 

Figure V.1.8. Spatial distribution of Cr (µg/l) in the water: 
 a) in surface, b) in bottom NPMS UA 

From Figure V.1.8., an example of chromium, it is clear that into the Black Sea with the drain 
of the Dnieper River come those metals that are discharged to metallurgical plants of Ukraine. 
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a)      b) 

Figure V.1.9. Spatial distribution of Hg (µg/l) in the water: 
a) on the surface, b) on the bottom 

As follows from the Figure V.1.9., the main source of mercury in the Black Sea is the Danube. 

 

V.1.3.2 Trace metals NPMS RF 

Metals concentrations in surface and bottom sea water collected during 2016 in shelf waters 
of Russia were found to be rather low (Table V.1.8., V.1.9., Figure V.1.10.-V.1.11.). The highest 
concentrations in surface and bottom layers were found for zinc, iron and manganese. 

Table V.1.8. Concentrations of metals in the sea surface water NPMS RF 

Metals Unit 
The average value for all samples in 

surface water 
Min Max 

MAC-EQS*  
Directive 2013/39/EU  

As µg/l 1,40 0,73 1,98  

Cd µg/l 0,456 0,190 0,980 1,50 

Cо µg/l 3,07 2,08 4,18  

Cu µg/l 3,96 1,66 5,15  

Hg µg/l 0,112 0,080 0,160  

Pb µg/l 0,81 0,61 1,06 14,0 

Zn µg/l 18,1 9,87 30,1  

Ni µg/l 3,23 1,83 6,15 34,0 

Cr µg/l 1,256 0,82 1,92  

Fe µg/l 33,2 20,2 43,7  

Mn µg/l 16,0 6,02 37,3  

 

Table V.1.9. Concentrations of metals in the bottom water NPMS RF 

Metals Unit 
The average value for all samples in 

bottom water 
Min Max 

MAC-EQS*  
Directive 2013/39/EU  

As µg/l 1,22 0,75 1,92  

Cd µg/l 0,30 0,13 0,52 1,50 

Cо µg/l 2,56 1,03 3,60  

Cu µg/l 3,13 1,74 3,96  

Hg µg/l 0,072 0,040 0,120  

Pb µg/l 0,76 0,55 1,03 14,0 

Zn µg/l 15,1 10,2 27,9  

Ni µg/l 2,63 0,99 4,42 34,0 

Cr µg/l 1,18 0,71 2,03  

Fe µg/l 35,8 29,5 52,5  

Mn µg/l 15,2 8,53 21,4  
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Figure V.1.10. Maximum, minimum and average value of Trace Metals in all samples 
of surface water (a) and bottom water (b) NPMS RF 

 

 
Figure V.1.11. Concentration of Trace metals in the surface and bottom water NPMS RF 

 

V.1.3.3 Trace metals NPMS-RF (Region Anapa – Gelendzhik) 

Metals concentrations in surface and bottom sea water collected during 2016 in shelf waters 
of Russia were found to be rather low (Table V.1.10., V.1.11., Figure V.1.12.-V.1.13.). The 
highest concentrations in surface and bottom layers were found for lead, chrom, iron and 
manganese. 
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Table V.1.10. Concentrations of metals in the sea surface water NPMS-RF, region Anapa – 
Gelendzhik 

Metals Unit 
The average value for all 

samples in surface waters 
Min Max 

MAC-EQS*  
Directive 2013/39/EU  

Cd µg/l 0.80 0.43 1.58 1,50 

Cо µg/l <3 <3 <3  

Cu µg/l 2.80 0.95 5.46  

Hg µg/l 0.03 0.02 0.06  

Pb µg/l 7.61 2.05 11.41 14,0 

Zn µg/l 5.30 2.02 9.45  

Ni µg/l 7.89 3.62 10.92 34,0 

Cr µg/l 8.51 2.60 15.47  

Fe µg/l 11.6 1.7 16.4  

Mn µg/l 40.5 1.1 99.3  

 
Table V.1.11. Concentrations of metals in the bottom water NPMS-RF, region Anapa – 
Gelendzhik 

Metals Unit 
The average value for all samples in 

bottom waters 
Min Max 

MAC-EQS*  

Directive 2013/39/EU  

Cd µg/l 0.70 0.32 1.34 1,50 

Cо µg/l <3 <3 <3  

Cu µg/l 2.91 0.77 4.80  

Hg µg/l 0.02 0.02 0.02  

Pb µg/l 8.62 5.08 11.46 14,0 

Zn µg/l 4.71 2.04 11.21  

Ni µg/l 5.19 2.69 7.54 34,0 

Cr µg/l 9.39 5.88 15.21  

Fe µg/l 20.6 2.5 53.5  

Mn µg/l 55.4 24.0 75.3  

 

Figure V.1.12. - Maximum, minimum and average value of Trace Metals (Cu, Pb, Zn, Cd) in 
all samples of water (NPMS RF), region Anapa - Gelendzhik 
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Figure V.1.13. Maximum, minimum and average value of Trace Me (Mn, Fe, Ni, Cr) in all 
samples of water (NPMS RF), region Anapa - Gelendzhik 

 

V.1.3.4 Trace metals JOSS UA-GE 

Metals concentrations in surface water of open sea were found to be rather low (Table V.1.12., 
Figure V.1.14.). However, it was found excess of MAC, established in Ukraine, on zinc, copper, 
nickel and arsenic (20, 3, 10 and 10 µg/l, respectively). 

Table V.1.12. Concentrations of metals in the surface water JOSS UA-GE 

Metals Unit 
The average value for all samples in 

bottom water 
Min Max 

MAC-EQS*  
Directive 2013/39/EU  

As µg/l 3,54 0 10,4  

Cd µg/l 0,020 0 0,171 1,50 

Cо µg/l 1,01 0 4,21  

Cu µg/l 12,2 0 34,2  

Hg µg/l 0 0 0  

Pb µg/l 0 0 0 14,0 

Zn µg/l 101 17,8 230  

Ni µg/l 8,40 0 25,6 34,0 

Cr µg/l 0,73 0 1,84  

Fe µg/l 0 0 0  

Mn µg/l 2,90 0 15,9  
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Figure V.1.14. Maximum, minimum and average value of Trace Me 

in all samples of water JOSS UA-GE 

 

V.1.3.5 Trace metals NPMS GE 

The spatial distribution of metals in Georgian territorial waters is presented in Table V.1.13. 
and Figure V.1.15. In shelf waters have been found in the highest concentrations iron (288 
µg/l), zinc (170 µg/l), nickel (90,9 µg/l) and manganese (90,4 µg/l). The concentrations of other 
metals do not exceed 6 µg/l. 

 

Table V.1.13. Concentrations of metals in the surface water NPMS-GE 

Metals Unit 
The average value for all samples in 

surface waters 
Min Max 

MAC-EQS*  

Directive 2013/39/EU  

As µg/l 3,10 0,40 6,00  

Cd µg/l 0,27 0,10 0,40 1,50 

Cu µg/l 38,3 3,10 71,4  

Pb µg/l 2,87 1,30 5,80 14,0 

Zn µg/l 50,4 8,40 170  

Ni µg/l 30,4 1,3 90,9 34,0 

Fe µg/l 219 128 288  

Mn µg/l 19,7 2,20 90,4  

Nickel concentrations exceeded the recommended EQOs from European Legislation in the 
station, located near Tsikhisdziri and near Koduleti almost in 3 times. 
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Figure V.1.15. Spatial distribution of Trace metals in the surface water NPMS-GE 
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Conclusions 

Metals concentrations in surface sea water NPMS-UA, NPMS-RF and JOSS UA-GE indicated a 
low level trace metals pollution, concentrations of cadmium, lead and nickel being much 
below recommended EQS from European Legislation (Directive 2013/39/EU). 

Excess of EQOs was recorded for nickel at two stations in the performance of NPMS-GE. 

 

V.1.3.6 Organochlorine pesticides and polychlorinated biphenyls 
NPMS UA 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in water samples are presented in Table V.1.14. and Figures V.1.16. – V.1.17. 

Table V.1.14. Concentrations of OCPs (ng/l) by comparison with EQS (Directive 2013/39/EU) 
in surface water samples NPMS UA, May 2016 

Stations HCBa Lindanea Heptachlora Sum Cyclodieneb p,p'DDTb Sum DDTb 

1 0,82 0,06 <0,05 0,21 0,56 0,83 

2 0,33 0,06 <0,05 0,11 0,50 0,67 

7 0,18 0,15 <0,05 0,27 0,80 1,20 

8 0,48 0,06 <0,05 <0,05 0,48 0,64 

9 0,82 0,15 <0,05 2,16 1,19 2,46 

10 1,84 0,10 <0,05 0,20 3,02 3,74 

13 0,47 0,09 <0,05 0,08 0,61 0,84 

15 0,39 0,05 <0,05 <0,05 0,58 0,80 

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 theTable V.1.14., no cases of MAC excess, established by the European directive, 
is not revealed. 

Figure V.1.16. Maximum, minimum and average value of pesticides in all samples 
of surface a) and bottom water b) NPMS UA 
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a)       b) 
Figure V.1.17. The sum of Lindane and DDT a) 
 and Total PCBs b) in water samples NPMS UA 

Organochlorine pesticides concentrations varied from 0,05 to 6,52 ng/l. Total polychlorinated 
biphenyls concentrations varied from 1,29 to 139 ng/l. 

The major OCPs compounds were HCB, DDT and β-HCH. The highest values measured were: 
6,52 ng/l for Hexachlorobenzene, 3,02 ng/l for p,p’ DDT, 2,16 ng/l for Dieldrin, 1.76 ng/l for β-
HCH, 1,27 ng/l for p,p’ DDE, 0,79 ng/l for α-HCH, 0,29 ng/l for lindane,. Heptachlor and aldhine 
were under detection limit. 

 

V.1.3.7 Total petroleum hydrocarbons NPMS UA 

As shown in Figure V.1.18., the concentrations of petroleum hydrocarbons in Ukrainian water 
samples ranged between 0,04 and 0,28 mg/l with an average of 0,172 mg/l. The maximum 
concentration was reported at station 2 in and the minimum at station 13, both of them in 
surface layer. 

Generally, 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 93% 
water samples, the TPHs content exceeded this value up to five times. 

 
Figure V.1.18. The TPHs in water samples NPMS-UA 
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V.1.3.8 Polycyclic aromatic hydrocarbons NPMS UA 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/l) content in water samples (n=8) 
ranged from 1,5 to 14,2 ng/l (Figure V.1.19.). Of the total PAHs, the 2-3-ring PAHs and 4-6-ring 
PAHs contributed to about 50% (Figure V.1.20.). Phenanthrene, Naphthalene and 
Fluoranthene were found as the most dominant compounds. 

 
Figure V.1.19. The level of water contamination PAHs, NPMS UA 

 

 
Figure V.19 - The ratio of PAHs in the water NPMS UA by the number of rings in molecules 
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V.1.3.9 Total petroleum hydrocarbons, Phenols and Anionic 
Detergents (AD), NPMS-RF, region Anapa - Gelendzhik  

As demonstrated on Figure V.1.21 and Table V.1.15. the concentration of petroleum 
hydrocarbons in Russian water samples equalled from 0,004 to 0,017 mg/l, and 0,009 mg/l in 
average. The exceedance of maximum permissible concentration (0,05 mg/l) has not been 
registered. 
The variability of content of phenol was from 0 to 0,4 mcg /l and 0,1 mcg/l in average. 
The variation range of Anionic Detergents ranged from 0 to 0,023 mg/l with the 0,008 mg/l in 
average. 
Table V.1.15. The variation range and average level of pollution substances in water, 
region Anapa - Gelendzhik, 2016 

Parameter  Unit 
The average value for 
all samples in waters 

Min Max 

Total Petroleum Hydrocarbons (TPHs) mg/l 0.009 0.004 0.017 

Phenols µg/l 0.1 0.0 0.4 

Anionic Detergents (AD) mg/l 0.008 0.000 0.023 

 

 

 
Figure V.1.21. - Maximum, minimum and average value of pollution substances in all 

samples of water (NPMS RF) , region Anapa - Gelendzhik 

 

V.1.3.10 Organochlorine pesticides and polychlorinated 
biphenyls NPMS RF 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in water samples are presented in Figures V.1.22. – V.1.24. 

Organochlorine pesticides concentrations varied from 0,5 to 1,3 ng/l. Individual 
polychlorinated biphenyls concentrations varied from 0,5 to 1,5 ng/l. 
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The major OCPs compounds were DDT, DDE and β-HCH. The highest values measured were: 
1,3 ng/l for DDT, 0.8 ng/l for β-HCH, 0,7 ng/l for DDE and α-HCH, 0,6 ng/l for lindane. DDD and 
HCB were under detection limit. 

Figure V.1.22. Maximum, minimum and average value of pesticides  
in all samples water of Kerch strait NPMS RF 

 

Figure V.1.23. The sum of Lindane and DDT in water samples Kerch strait NPMS RF  
 

 
Figure V.1.24. The PCBs in water samples Kerch strait NPMS RF 
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V.1.3.11 Polycyclic aromatic hydrocarbons Kerch strait NPMS RF 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/l) content in water samples (n=9) 
ranged from <0,1 to 10,9 ng/l (Figure V.1.25.-V.1.26.). Of the total PAHs, the 2-3-ring PAHs 
and 4-6-ring PAHs contributed to about 90%. Phenanthrene, Anthracene, Fluoranthene and 
Pyrene were found as the most dominant compounds. 

 
Figure V.1.25. The level of water contamination PAHs, Kerch strait NPMS RF 

 

 
Figure V.1.26. The ratio of PAHs in the water Kerch strait NPMS RF  

by the number of rings in molecules 
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V.1.3.12 Organochlorine pesticides and polychlorinated 
biphenyls NPMS GE 

Figure V.1.27. Maximum, minimum and average value of pesticides  
in all samples water NPMS GE 

 

 
Figure V.1.28. The sum of Lindane and DDT in water samples NPMS GE 

 
Figure V.1.29. The sum of PCBs in water samples NPMS GE 
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V.1.3.13 Total petroleum hydrocarbons NPMS GE 

Figure V.1.30. The TPHs in water samples NPMS GE 
 

 

V.1.3.14 Polycyclic aromatic hydrocarbons NPMS GE 

Figure V.1.31. The level of water contamination PAHs, NPMS GE 
 



Scientific Report – Joint Black Sea Surveys 2016 

 

331  

 
Figure V.1.32. The ratio of PAHs in the water NPMS GE by the number of rings in molecules 

 

V.1.3.15 Organochlorine pesticides and polychlorinated 
biphenyls JOSS UA-GE 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in water samples are presented in Figures V.1.33 – V.1.35. 

 

Organochlorine pesticides concentrations varied from 0.05 to 2.47 ng/l. Total polychlorinated 
biphenyls concentrations varied from 2 to 23.8 ng/l. 

The major OCPs compounds were β-HCH. HCB and DDT. The highest values measured were: 
2.47 ng/l for β-HCH. 2.1 ng/l for HCB. 1.85 ng/l for p.p’ DDT. 1.31 ng/l for DDD. Other OCPs 
were in small concentrations (no more 0.5 ng/l). 

Figure V.1.33. Maximum, minimum and average value of pesticides 
in all samples of surface water JOSS UA-GE 
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Figure V.1.34. The sum of Lindane and DDT in water samples JOSS UA-GE 

Figure V.1.35. The sum of PCBs in water samples JOSS UA-GE 

 

V.1.3.16 Total petroleum hydrocarbons JOSS UA-GE 

As shown in Figure V.1.36., the concentrations of petroleum hydrocarbons in open sea 
surface waters ranged between 0.3 and 0,30 (mg/l) with an average of 0.13 (mg/l). The 
maximum concentration was reported at station 16 in and the minimum at station 23. 

In comparison with MAC=50 µg/l determined that in 83% water samples the TPHs content 
exceeded this value up to five times. 
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Figure V.1.36. The TPHs in water samples JOSS UA-GE 

 

V.1.3.17 Polycyclic aromatic hydrocarbons JOSS-UA-GE 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/l) content in water samples (n=8) 
ranged from 2.56 to 8.43 ng/l (Figure V.1.33.). Of the total PAHs, the 2-3-ring PAHs contributed 
to about 44% while 4-6-ring PAHs accounted for 56% (Figure V.1.37.). Phenanthrene, 
Naphthalene, Fluoranthene and Benzo(a)pyrene were found as the most dominant 
compounds. 

 
Figure V.1.37. The level of water contamination PAHs, JOSS UA-GE 
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Figure V.1.38. The ratio of PAHs in the water JOSS UA-GE  
by the number of rings in molecules 

 

Conclusions 
In the waters were dominated by the presence of β-HCH, HCB and DDT.  
For heptachlor is hard to say if the concentrations exceeded the threshold value since the 
detection limit is much higher than the EQS. 
 
Naphthalene and phenanthrene were found as the most dominant compounds in coastal 
waters of the Western Black Sea and in the open sea. Possible sources of polycyclic aromatic 
hydrocarbons showed that the PAHs were from both the pyrogenic and petrogenic origin in 
shelf and open sea waters. 

 

V.1.4 Results - Sediments 

Characteristics of surface sediments NPMS UA 

The characterization of the surface sediments encountered during the EMBLAS cruises of the 
R/V “MARE NIGRUM” is based on grab sediment samples collected in 8 stations of NPMS-UA 
at water depths shallower than app. 50 m (deepest stations 8 and 9 - 52 and 42 m water 
depth), 6 stations of JOSS-UA-GE (deepest station 16 - 2170 m water depth) and 11 stations 
of NPMS-GE (deepest station 10 - 167 m water depth). 

Detailed grain size analyses were performed in UkrSCES laboratory. The cumulated 
percentages of psefity, sandy, silty and clayey fractions were used to sedimentologically 
classify the sediments according to Sheppard are presented in Table V.1.16. 
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Table V.1.16. Sediment composition and Sheppard’s classification NPMS UA 

Station 
Grain size composition % 

Shepard class 
Psefit Sand Silt Clay 

1 0.00 6.05 36.07 57.88 Silty clay 

2 67.45 9.00 8.84 14.71 Clayey psefit 

7 0.00 0.00 27.71 72.79 Silty clay 

8 30.53 1.41 56.39 11.67 Psefit silt  

9 43.81 12.91 27.35 15.93 Silty psefit 

10 63.94 5.28 19.24 11.54 Silty psefit 

13 68.11 4.87 9.17 17.85 Clayey psefit 

15 2.79 0.00 24.44 72.77 Silty clay 

 

V.1.4.1 Trace metals NPMS UA 

Average toxic metals concentrations in bottom sediments collected during MAY 2016 in shelf 
of Ukraine were in the range 0.09 – 57.0 mg/kg (Table V.1.17., Figure V.1.39.) 

These measurements indicated that concentrations of trace metals decrease in the next row: 
Zn, Cr, Ni, Cu, Pb, Co, As, Cd and Hg. 

Table V.1.17. Concentrations of metals in the bottom sediments NPMS UA 

Metals Unit 
The average value for all samples in 

bottom sediments 
Min Max 

Al mg/kg 31550 1710 79100 

As mg/kg 6.23 1.46 15.2 

Cd mg/kg 0.26 0 0.63 

Cо mg/kg 8.88 0 23.1 

Cu mg/kg 23.4 0 68.6 

Hg mg/kg 0.09 0 0.409 

Pb mg/kg 15.7 4.39 28.8 

Zn mg/kg 57.0 5.49 180 

Ni mg/kg 24.5 0 63.4 

Cr mg/kg 39.1 0 159 

Fe mg/kg 9672 1530 24000 

Mn mg/kg 383 139 890 

 

Figure V.1.39. Maximum, minimum and average value of Me in all samples 
of sediment NPMS UA 
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V.1.4.2 Trace metals NPMS-RF (region Anapa – Gelendzhik) 

Average concentration levels of toxic metals in bottom sediments collected in May 2016 in 
Anapa- Gelendzhik district ranged from 0.0 to 61.85 mg/kg (Table V.1.18., Figure V.1.40., 
V.1.41.).  
These measurements indicated that concentrations of trace metals decrease in the next 
row:  Zn, Cu, Cr, Pb, Ni, Co, Hg, Cd. 
Table V.1.18. Concentrations of metals in the bottom sediments NPMS-RF, region Anapa - 
Gelendzhik 

Metals Unit 
The average value for all samples in bottom 

sediments 
Min Max 

Cd mg/kg 0.00 0.00 0.00 

Cо mg/kg 8.33 5.64 10.47 

Cu mg/kg 55.79 28.65 159.50 

Hg mg/kg 0.127 0.043 0.337 

Pb mg/kg 25.34 12.98 60.43 

Zn mg/kg 61.85 49.50 75.11 

Ni mg/kg 22.77 17.66 31.07 

Cr mg/kg 48.24 30.60 63.75 

Fe mg/kg 17384 12281 20226 

Mn mg/kg 586 432 769 

 

 
Figure V.1.40. - Concentrations of metals (Cu, Zn, Co, Pb) in the bottom sediments NPMS-

RF, region Anapa - Gelendzhik 
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Figure V.1.41. Concentrations of metals (Mn, Fe, Ni, Cr) in the bottom sediments NPMS-RF, 

region Anapa - Gelendzhik 

 

V.1.4.3 Trace metals NPMS RF (Kerch strait) 

Average toxic metals concentrations in bottom sediments collected during NPMS-RU in shelf 
were in the range 0.04– 61.6 mg/kg (Table V.1.19., Figure V.1.42.) and decrease in the next 
row: Zn, V, Cr, Ni, Cu, Pb, As, Co, Cd and Hg. 

Table V.1.19. Concentrations of metals in the bottom sediments NPMS RF 

Metals Unit 
The average value for all samples in bottom 

sediments 
Min Max 

Al mg/kg 24200 25800 68400 

As mg/kg 11.0 6.8 16.5 

Cd mg/kg 0.075 0.00 0.200 

Cо mg/kg 9.39 0.90 13.2 

Cu mg/kg 17.2 5.90 30.3 

Hg mg/kg 0.040 0.020 0.070 

Pb mg/kg 14.3 2.40 23.9 

Zn mg/kg 61.6 29.00 94 

Ni mg/kg 29.3 5.8 41.5 

Cr mg/kg 46.4 1.00 69.0 

Fe mg/kg 17000 4900 30700 

Mn mg/kg 261 123 408 

V mg/kg 57.3 12.0 86.0 
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Figure V.1.43. Maximum, minimum and average value of metals in all samples 

of sediment NPMS RF 

 

 

V.1.4.4 Trace metals NPMS/JOSS UA-GE 

The cumulated percentages of psefity, sandy, silty and clayey fractions were used to 
sedimentologically classify the sediments according to Sheppard are presented in Table 
V.1.20. 

Table V.1.20. Sediment composition and Sheppard’s classification JOSS UA-GE 

Station 
Grain size composition % 

Shepard class 
Psefit Sand Silt Clay 

3 1.15 8.98 36.15 53.72 Silty clay 

12 0.00 4.71 33.12 62.17 Silty clay 

13 0.00 3.15 31.18 65.67 Silty clay 

16 0.00 1.98 24.11 73.91 Silty clay 

21 5.18 4.81 28.91 61.10 Silty clay 

23 28.12 3.12 20.15 48.61 Silty psefit 

Average toxic metals concentrations in bottom sediments collected during JOSS cruise in open 
sea were in the range 0.160 – 98.4 mg/kg (Table V.1.21., Figure V.1.43.) and decrease in the 
next row: Zn, Cu, Ni, Cr, Pb, Co, As, Cd and Hg. 

Table V.1.21. Concentrations of metals in the bottom sediments NPMS/JOSS UA-GE 

Metals Unit 
The average value for all samples in bottom 

sediments 
Min Max 

Al mg/kg 59500 800 119000 

As mg/kg 15.7 13.3 19.1 

Cd mg/kg 1.10 0.25 1.55 

Cо mg/kg 18.9 10.7 27.4 

Cu mg/kg 68.0 58.3 78.2 

Hg mg/kg 0.160 0.108 0.216 

Pb mg/kg 25.8 16.9 29.6 

Zn mg/kg 98.4 63.2 137 

Ni mg/kg 65.4 55.4 74.5 

Cr mg/kg 52.1 7.61 97.5 

Fe mg/kg 31200 26300 49800 

Mn mg/kg 652 436 1403 
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Figure V.1.43. Maximum, minimum and average value of Me in all samples 

of sediment JOSS UA-GE 

 

V.1.4.5 Trace metals NPMS GE 

Average toxic metals concentrations in bottom sediments collected during NPMS-GE in shelf 
were in the range <2.5– 87.4 mg/kg (Table V.1.22., Figure V.1.44., V.1.45.) and decrease in 
the next row: Zn, Cu, Ni, Pb, As, and Cd. 

Table V.1.22. Concentrations of metals in the bottom sediments NPMS GE 

Metals Unit 
The average value for all samples in bottom 

sediments 
Min Max 

Al mg/kg 631000 451000 725000 

As mg/kg 16.6 11.4 25.8 

Cd mg/kg <2.5 <2.5 <2.5 

Cu mg/kg 80.4 33.5 135 

Pb mg/kg 33.4 26.0 49.0 

Zn mg/kg 87.8 76.5 100 

Ni mg/kg 64.9 51.5 98.0 

Fe mg/kg 44400 40500 53000 

Mn mg/kg 92500 74500 144000 

 

 
Figure V.1.44. Maximum, minimum and average value of metals  

in all sediment samples NPMS GE 



Scientific Report – Joint Black Sea Surveys 2016 

 

340  

Figure V.1.45. Distribution of Trace metals in sediment of coastal, shelf and open sea 
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NPMS GE 

Conclusions 

Distribution of toxic metals in the bottom sediments of all the investigated area has a lot in 
common. In highest concentrations are present everywhere Zn, Cr, Ni, Cu, Pb. 

In European legislation are no norms for concentration of metals in the bottom sediments. In 
comparison with environmental standards (ES), developed in Ukraine it should be noted that 
cases excess of ES recorded in the bottom sediments at stations 7 and 8 NPMS-UA for copper 
in 2 times, for nickel and chromium in 1.5 times and for zinc in 1,3 times. 

When performing NPMS-GE also higher concentrations of copper were found in the station 
near Batumi - 130 mg/kg, (ES=35) and nickel near Kobuleti- 98 mg/kg (ES=35). In Russian 
sediments was fixed only 2 cases for nickel – 41.5 mg/kg (st.4 and 6) 

Cases excess of ES in the bottom sediments recorded in the performance of JOSS-UA-GE - at 
all stations for copper and nickel on average in 2 times. 

 

V.1.4.6 Organochlorine pesticides and polychlorinated biphenyls 
NPMS UA 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in bottom sediment samples are presented in Figures V.1.46. – V.1.48. 

Organochlorine pesticides concentrations varied from not detected (Aldrine and Heptachlor) 
to 28.2 µg/kg (DDD). Total polychlorinated biphenyls concentrations varied from 1.0 to 13.5 
µg/kg. 

The major OCPs compounds were DDE, HCB, and DDD. The highest values measured were: 
28.2 µg/kg for DDD, 18.7 µg/kg for Hexachlorobenzene, 2.78 µg/kg for DDE. Other OCPs not 
exceed 1 µg/kg. 

 

 
Figure V.1.46. Maximum, minimum and average value of OCPs 

in all samples of sediment NPMS UA 
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Figure V.1.47. The sum of Lindane and DDT in sediment samples NPMS UA 

 

Figure V.1.48. The sum of PCBs in sediment samples NPMS UA 

 

V.1.4.7 Total petroleum hydrocarbons NPMS UA 

As shown in Figure V.48, the concentrations of total petroleum hydrocarbons in bottom 
sediments ranged between 0.03 and 243 mg/kg with an average of 48,2 mg/kg. The maximum 
concentration was reported at station 13 near the exit of the river waters of the Dnieper-Bug 
estuary and the minimum at station 9 in area of Phyllophora field. 

In comparison with ES=50 mg/kg determined that in 25% sediment samples the TPHs content 
exceeded this value up to five times. 

The concentrations of phenols exceeded at all stations ES in 3-8 times. 
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Figure V.1.49. Concentrations of the TPHs and phenols in the sediments NPMS UA 

 

V.1.4.8 Polycyclic aromatic hydrocarbons NPMS UA 

The total polycyclic aromatic hydrocarbons - ∑16PAH content in bottom sediment samples 
(n=8) ranged from 28.2 to 467 µg/kg (Figure V.1.50.). From all PAHs, the 2-3-ring PAHs 
contributed no more 10%, except station 7 near Danube (48%), while 4-6-ring PAHs accounted 
for 90% (Figure V.1.51.). Indeno(1,2,3-cd)pyrene, Fluoranthene and Benzo(b)fluoranthene 
were found as the most dominant compounds. 

 
Figure V.1.50. The level of sediment contamination PAH’s, NPMS UA 
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Figure V.1.51. The ratio of PAHs in the sediments NPMS UA 

by the number of rings in a molecule 
 

V.1.4.9 Organochlorine pesticides and polychlorinated biphenyls 
NPMS RF 

a)       b) 

Figure V.1.52. Maximum, minimum and average value of OCPs in all samples of sediment 
NPMS RF; Kerch strait a) Sochi b) 

a)       b) 
Figure V.1.53. The sum of Lindane and DDT in sediment samples NPMS RF; 

Kerch strait a) Sochi b) 
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a) 

b) 

Figure V.1.54. The PCBs in sediment samples NPMS RF; Kerch strait a) Sochi b) 

 

Table V.1.23. Maximum, minimum and average value of OCPs in all samples of sediment 
NPMS-RF, region Anapa - Gelendzhik 

OCPs Unit 
The average value for all samples in 

bottom sediments 
Min Max 

α-HCH ng/g 0.2 0.1 0.2 

Lindane (γ- HCH) ng/g 0.2 0.0 0.7 

β- HCH ng/g 0.0 0.0 0.0 

Heptachlor ng/g 0.3 0.0 1.5 

HCB ng/g 0.9 0.4 1.4 

4,4'-DDE ng/g 3.5 0.4 9.1 

4,4'-DDD ng/g 1.7 0.8 5.2 

4,4'-DDT ng/g 2.9 0.8 5.4 

Σ DDE, DDD и DDT ng/g 8.1 1.9 16.7 

∑ OCPs ng/g 9.6 4.1 17.6 
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Figure V.1.55. Concentrations of OCPs (HCB, Lindane and its isomers) in the bottom 

sediments NPMS-RF, region Anapa – Gelendzhik 
 

 
Figure V.1.56. Concentrations of OCPs (DDT and its metabolites) in the bottom sediments 

NPMS-RF, region Anapa - Gelendzhik 
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V.1.4.10 Total petroleum hydrocarbons NPMS RF 

 

   a)       b) 
Figure V.1.57. Concentrations of the TPHs and phenols in the sediments NPMS RF, 

 Kerch strait a) Sochi b) 
 
Table V.1.24. The minimum, maximum and average values of content of the chemical 
parameters in the bottom sediments NPMS-RF, region Anapa – Gelendzhik, May, 2016 

Parameter Average Minimum Maximum 

Total Petroleum Hydrocarbons (TPHs), µg/g 56.33 31.72 103.61 

Total phenols, µg/g 0.44 0.26 0.69 

Benzo(a)pyrene, ng/g 5.33 0.00 13.52 

 

 
Figure V.1.58. Concentrations of the TPHs, phenols and benzo(a)pyrene in the sediments 

NPMS-RF, region Anapa – Gelendzhik 
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V.1.4.11 Polycyclic aromatic hydrocarbons NPMS RF 

a)      b) 

Figure V.1.59. The level of sediment contamination PAH’s, NPMS RF; 
Kerch strait a) Sochi b) 

 

Figure V.1.60. The ratio of PAHs in the sediments NPMS RF 
by the number of rings in a molecule Kerch strait a) Sochi b) 
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V.1.4.12 Organochlorine pesticides and polychlorinated 
biphenyls NPMS GE 

Figure V.1.61. Maximum, minimum and average value of OCPs 
in all samples of sediment NPMS GE 

 

Figure V.1.62. The sum of Lindane and DDT in sediment samples NPMS GE 

 

Figure V.1.63. The sum of PCBs in sediment samples NPMS GE 



Scientific Report – Joint Black Sea Surveys 2016 

 

350  

V.1.4.13 Total petroleum hydrocarbons NPMS GE 

Figure V.1.64. Concentrations of the TPHs and phenols in the sediments NPMS GE 
 

V.1.4.14 Polycyclic aromatic hydrocarbons NPMS GE 

Figure V.1.65. The level of sediment contamination PAH’s, NPMS GE 
 

Figure V.1.66. The ratio of PAHs in the sediments NPMS GE 
by the number of rings in a molecule  
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V.1.4.15 Organochlorine pesticides and polychlorinated 
biphenyls JOSS UA-GE 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in bottom sediment samples are presented in Figures V.1.67 – V.1.69. 

Organochlorine pesticides concentrations varied from not detected to more than 18.0 µg/kg 
(α-HCH, DDD). The major OCPs compounds were α-HCH and DDT with metabolites. The 
highest values measured were: 18.8 µg/kg for α-HCH (st. 13), 18.4 µg/kg for DDD, 15.7 µg/kg 
for DDE, 5.59 µg/kg for DDT (st. 24), and 3.84 µg/kg for Hexachlorobenzene (st. 24). Other 
OCPs not exceed 2 µg/kg. Total polychlorinated biphenyls concentrations varied from 6.85 to 
104 µg/kg. 

 
Figure V.1.67. Maximum, minimum and average value of OCPs 

in all samples of sediment JOSS UA-GE 

 

 
Figure V.1.68. The sum of Lindane and DDT in the sediments JOSS UA-GE 
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Figure V.1.69. The sum of PCBs in the sediments JOSS UA-GE 

 

V.1.4.16 Total petroleum hydrocarbons JOSS UA-GE 

As shown in Figure V.1.70., the concentrations of total petroleum hydrocarbons in bottom 
sediments ranged between 5,6 and 80,3 mg/kg with an average of 48,2 mg/kg. The maximum 
concentration was reported at station 13 in and the minimum at station 21. 

In comparison with ES=50 mg/kg determined that in 50% sediment samples the TPHs content 
exceeded this value up to 1,6 times. 

The concentrations of phenols exceeded at all stations ES in 4 times with maximum on station 
16. 

 
Figure V.1.70. Concentrations of the TPHs and phenols in the sediments JOSS UA-GE 

 

V.1.4.17 Polycyclic aromatic hydrocarbons JOSS UA-GE 

The total polycyclic aromatic hydrocarbons - ∑16PAH content in bottom sediment samples 
(n=6) ranged from 67,5 to 759 µg/kg with maximum on station 24 (Figure V.1.71.). But, 
maximum of sum carcinogenic PAHs was observed at stations No 3. From all PAHs, the 2-3-
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ring PAHs contributed no more 32%, except station 24 (70%), while 4-6-ring PAHs accounted 
for 90% (Figure V.1.72.). Acenaphthylene, Benzo(k)fluoranthene, Phenanthrene and 
Benzo(b)fluoranthene were found as the most dominant compounds. 

 

 
Figure V.1.71. The level of sediment contamination PAHs, JOSS UA-GE 

 

 
Figure V.1.72. The ratio of PAHs in the sediment JOSS UA-GE 

by the number of rings in molecules 
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V.2.1 Introduction 

Chemical pollution of surface seawaters of the Black Sea presents a threat to the aquatic 
environment as it leads to effects such as acute and chronic toxicity to aquatic organisms, 
accumulation in the ecosystem, and loss of habitat and biodiversity, and it also may pose a 
threat to human health. Anthropogenic pollutants are emitted to seawater from rivers, 
deposited from atmosphere or released to the sea from vessels or coastal or offshore 
infrastructures. Survey monitoring studies to target organic micropollutants in marine waters 
are necessary for an effective development and implementation of marine protection actions. 

One of possible strategies for cost-effective monitoring considers the use of passive samplers 
and has been demonstrated in this study. Passive samplers accumulate pollutants in a similar 
way as organisms do and concentrate sufficient amounts of pollutants from water for 
chemical analysis where spot sampling methods often fail. The application of the temporally- 
and spatially- integrative onboard passive sampling approach results in data that provide a 
representative picture of pollution situation in defined stretches along several Black Sea 
transects determined by the route of the ship Mare Nigrum (15 May to 5 June 2016). The 
sampling aimed to determine persistent organic pollutants (POPs) and emerging substances 
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(perfluorinated substances, currently used pesticides and pharmaceuticals) in seawater. 
Besides onboard sampling, static passive sampling was applied at several sites (two in Ukraine 
and two in Georgia) during their respective 12 months NPMS programmes.  

From the uptake of passive samplers freely dissolved concentrations (Cfree) of priority 
substances in the water phase (cfree) can be derived, and because accumulated contaminants 
represent a large water volume, low limits of quantification can be obtained. Cfree is a more 
stable parameter than a concentration measured in whole water as the level is not influenced 
by variable amounts of the substance bound to dissolved and suspended particulate organic 
matter. Thus, it is very suitable for assessment of spatial and temporal trends. Cfree is further 
considered to play a key role in chemical uptake by aquatic organisms. It is proportional to the 
chemical activity [1] and if in equilibrium with surrounding environmental compartments it 
also represents chemical activity of those environmental compartments, including the biota 
at the base of the food chain [2]. 

Passive samplers exposed in seawater and associated reference and QA/QC samples were 
analysed by chemical analysis. The Cfree data reported in this study for hydrophobic persistent 
organic pollutants include polychlorinated biphenyls (PCBs; 7 indicator congeners), 
organochlorine pesticides (OCPs; 11 compounds), hexachlorobenzene (HCB), polybrominated 
diphenylethers (PBDEs; 10 compounds including 6 WFD priority pollutant congeners) and 
novel flame retardants (NFR; 21 compounds). These data, obtained using partition-based 
passive samplers, are associated with a characterised uncertainty [3]. In the case of passive 
sampling of polar emerging substances, including currently used pesticides (CUPs; 41 
compounds), perfluorinated compounds (PFs; 21 compounds), and pharmaceuticals (PHA; 16 
compounds), presented data should be considered as semi-quantitative. This is because of the 
uncertainty in applying laboratory-based sampling rates to in situ field conditions [4]. 

 

V.2.2 Materials and methods 

V.2.2.1 Passive sampling within NPMS and JOSS in five integrated 
coastal, territorial and EEZ water samples 

V.2.2.1.1 Passive samplers 

Silicone rubber sheet based passive samplers were applied for sampling PCBs, OCPs, PBDEs 
and NFRs from the dissolved phase in seawater. Samplers were spiked with a number of 
Performance Reference Compounds (PRCs) that are partially released during exposure 
allowing to quantify exchange kinetics. One sampler consisted of 3 Altesil silicone rubber 
sheets with dimensions 0.5 mm thickness and 7×28 cm resulting in an exposed sampler area 
of 600 cm2. Adsorbent disk passive samplers (Empore® SDB-RPS disks) were deployed for 
sampling of polar emerging substances (CUPs, PFs and PHA) from seawater. Each sampler 
consists of 4 solid phase extraction disks with 47 mm diameter. The total exposed sampler 
area was 87 cm2.  
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V.2.2.1.2 Sampling 

For sampling a dynamic passive sampler system was installed on board of the expedition ship 
Mare Nigrum to obtain enhanced uptake rates in order to achieve sufficient sensitivity in the 
short sampling time available (approximately 4 days per passive sampler deployment). The 
uptake principle is the same as in the typical static passive sampling and the results can be 
evaluated using usual passive sampler calibration parameters. The sampling approach has 
previously been successfully tested during the Joint Danube Survey JDS3 [5]. Altesil silicone 
rubber passive samplers were applied for sampling hydrophobic compounds. Empore 
SDB/RPS adsorbent discs and Atlantic HLB discs were applied for sampling polar compounds. 
The water sampling period took approximately 4 days and during that period the ship moved 
across the Black Sea along a defined stretch. The obtained samples contain water pollutants 
integrated in time and space along that stretch. Samplers were exchanged every 4 days, which 
resulted in total 4 samples representing 4 stretches along the Black Sea transects (Table 
V.2.1.).  
 
Table V.2.1. Black Sea transects/stretches sampled with passive samplers deployed from the 
Mare Nigrum ship 

Stretch number Stretch start and end Dates of cruise Exposure time (d) 

Stretch 1 Odessa-Odessa 17.5.-22.5. 4 

Stretch 2 Odessa-Batumi 23.5.-27.5. 4 

Stretch 3 Batumi-Batumi 28.5.-31.5. 3 

Stretch 4 Batumi-Constanta 31.5.-5.6. 4 

 

The exact path and distance covered by the ship Mare Nigrum during individual exposures can 
be reconstructed by tracking GPS coordinates of the ship during the relevant time period. In 
addition to exposed samplers, several QA/QC samples were prepared and analysed, including 
fabrication and field control samples, which were treated and applied in data analysis 
according to the ISO 5667/23 standard [6].  

The “dynamic” passive sampling (DPS) system was installed on board of the expedition ship 
Mare Nigrum to obtain enhanced passive sampler uptake rates in order to achieve sufficient 
sensitivity despite the short time available for sampling. The DPS device was deployed in the 
laboratory container on the rear ship deck of the Mare Nigrum. For sampling, the device was 
immersed in a flow-through system that consisted of a 200 l stainless steel tank shown in 
Figure 1. The seawater in the tank was exchanged at a constant rate by a high performance 
pump. The water intake to the chamber was by a vertical steel pipe positioned on the 
starboard of the ship with the mouth of the suction hose approximately 2 m below the 
seawater level. The DPS device consisted of a rectangular stainless steel plate box. During 
operation the box remained open from two sides and it was fully immersed in water. One end 
of the box was connected to a submersible pump (cca 9 m3 h-1) that forced water at high flow 
velocity (1-2 m s-1) through the exposure chamber containing passive samplers (Figure V.2.1.) 
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Figure V.2.2.  Above: passive samplers mounted in the onboard 

sampling device. Right hand side:  Passive samplers for static 

deployment (silicone rubber sheets, POCIS and Empore® SDB-RPS 

disks), mounted in their deployment frames. 

 

 

The device was operated only during the cruising of the ship or when the ship anchored 
outside harbours. The device was switched off before the ship entered harbours and switched 
on again when the cruise resumed. Samplers were mounted to the DPS device just before 
exposure and removed immediately after. After exposure the samplers were cleaned and 
stored in their storage containers in a freezer at -20°C. 

 
Figure V.2.1 Apparatus for passive sampling of contaminants in seawater. 
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Figure V.2.2.  Above: passive samplers mounted in the onboard 

sampling device. Right hand side:  Passive samplers for static 

deployment (silicone rubber sheets, POCIS and Empore® SDB-RPS 

disks), mounted in their deployment frames. 

 

 

 

V.2.2.2 Passive sampling within the 12 months NPMS monitoring 
programmes in Ukraine and Georgia 

Static passive sampling was applied at 2 sites in Ukraine`s territorial waters during the NPMS 
programmes. 
 

V.2.2.2.1 Passive samplers 

Silicone rubber sheet based passive samplers were applied for sampling PCBs, OCPs, PBDEs 
and NFRs from the dissolved phase in seawater. One sampler consists of 6 sheets (90×55×0.5 
mm). The exposed sampler area was 600 cm2. Samplers were also spiked with PRCs. Adsorbent 
based passive samplers (Empore® SDB-RPS disks) and the commercially available POCIS 
samplers were deployed for sampling of polar emerging substances (CUPs, PFs and PHA) from 
seawater. Three parallel samplers were exposed at each site. The exposed sampler area of 
one sampler was 35 cm2. 

 

V.2.2.2.2. Sampling 

Sampler exposure was performed by the scientific teams in the Ukraine at two sites (Table 
V.2.2) according to the instructions given in the standard operation procedure [7]. Briefly, 
samplers were mounted in stainless steel-holder frames and deployed on a rope in seawater 
at a depth of 1 m using a buoy and an anchor. Following one-month exposure, samplers were 
the samplers were stored in their storage containers in a freezer at -20°C and sent by courier 
for analysis to the Masaryk University, Czech Republic. 
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Table V.2.2. Black Sea sites sampled with static passive samplers exposed within NPMS 
monitoring programmes in the Ukraine`s coastal waters 

Site Site name Lattitude Longitude Deploy-ment 
period 

Exposure 
time (d) 

Site 1 Odessa harbour 46°26'36.10"N 30°46'28.85"E 9.6.-11.7. 32 

Site 2 Zmeinyi island 45°15'15.80"N 30°12'24.01"E 27.6.-24.7. 27 

 

V.2.2.3 Sample processing 

Silicone rubber (SR) sheets 

Compounds sorbed in the SR sheet were extracted for 8 hours in methanol using Soxhlet 
extraction. The volume of the extract was reduced to cca 4-5 ml using Kuderna-Danish (K-D) 
apparatus. The extract was filtered through a layer of anhydrous Na2SO4 to remove any 
particles and the volume was further reduced under gentle nitrogen flow and adjusted to a 
final volume of 2 ml in methanol. The methanol extracts were azeotropically transferred to 
hexane using K-D apparatus. Aliquots of the extract were divided into vials for different types 
of GC/MS analysis. The 20% extract aliquots for analysis of PAHs (a group of compounds that 
was not reported, but is important for data interpretation) and NFRs were further cleaned-up 
by a silica gel column cleanup step using diethylether/acetone elution. The 80% extract 
aliquots for analysis of HCB, organochlorine compounds (OCPs), PCBs, BDEs, NFRs and 
performance reference compounds (PRCs; a group of compounds for which results are not 
reported, but their analysis was important for data interpretation) were purified by a cleanup 
using activated silica gel modified with sulphuric acid. Following cleanup, addition of internal 
standards and volume reduction using a K-D apparatus, samples were analysed using a GC-
MS/MS method for indicator PCBs, BDEs, NFRs, OCPs and PRCs. 

 

Adsorbent based samplers 

Empore® SDB-RPS adsorbent samplers were spiked with a mixture of recovery internal 
standards and then freeze dried for 24 hours in the original containers that were used for 
sample storage and transport. The disks were extracted two times by overnight (24 h) slow 
shaking at room temperature with 70 ml acetone. Combined extracts were reduced by rotary 
vacuum evaporation. After removal of particles by filtration through a glass fibre filter and a 
layer of anhydrous Na2SO4 the extract was further reduced in volume to cca 1 ml. The acetone 
extract was transferred to methanol (addition of 20 ml methanol) and subsequent 
evaporation and a nitrogen flow to further reduce in volume to 1 ml. Aliquots of the extract 
were divided into vials for different types of analysis – PFs, CUPs and PHAs. 
Sorbent from POCIS samplers was separated, into empty 3 ml SPE column and weighted. The 
sorbent was spiked with RIS mixture and extraction was performed using 5 ml of methanol. 
The volume of both POCIS and was then reduced by evaporation under subtle nitrogen flow 
to 1 ml. Aliquots were divided into vials for the analyses of PFs, CUPs and PHAs. 
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V.2.2.4 Sample analysis 

V.2.2.4.1 Analysis of hydrophobic compounds 

Silicone rubber extracts were analysed using an Agilent 7890B GC coupled to an Agilent 7000B 
QQQ MS-MS, operating in EI mode, equipped with a 60 m x 0.25 mm x 0.25 µm HT8 capillary 
column (SGE Analytical, UK) for concentrations of PRCs and PCBs and OCPs. PBDEs and NFRs 
were quantified using an Agilent 7890A GC equipped with 15 m x 0.25 mm x 0.10 µm Rtx-1614 
capillary column (Restek, USA) coupled to an Autospec Premier HRMS (Waters, UK) operating 
in EI+ mode at the resolution of >10 000. 

V.2.2.4.2. Analysis of polar compounds 

CUPs were analysed by liquid chromatography (Waters Acquity) with MS detection (Waters 
Xevo TQ-S). Analytes were separated on a Waters Acquity UPLC BEH-C18 column using a 
methanol-water gradient containing 0.1% formic acid. Eluting analytes were ionized using 
electrospray in positive mode and detected in MRM mode.  

Separation and detection of PHA was performed by ultra-performance liquid chromatograph 
(UPLC Acquity, Waters, Milford, MA, USA) coupled to a mass spectrometer Xevo TQS (Waters, 
Milford, MA, USA). The systems were interfaced with an electrospray ionization source Z-
spray® (Waters, Milford, MA, USA). Quantitative LC-MS/MS analysis was performed for all 
target compounds in the multiple reaction monitoring (MRM) mode. Both calibration 
standards and analysed sample extracts were spiked prior to analysis with deuterium-labelled 
internal standards (acetaminophen-d4 and ibuprofen-d3) to assess the extent of possible ion 
suppression or ion enhancement caused by the sample matrix. For the analysis of one group 
of PHA, the Waters Acquity BEH C18 column was used with methanol and water as mobile 
phase, both containing 0.01% formic acid and 0.1 M ammonium acetate. The mass 
spectrometer was operated in positive ion mode. The second group of PHA was separated 
using Waters Xterra C18 column with a gradient of water and mixture of methanol and 
acetonitrile (50:50) containing 0.1% acetic acid and 0.1% ammonium acetate . The mass 
spectrometer was operated in negative mode. 

PFs were quantified by liquid chromatography (Agilent 1290) with MS detection (QTRAP 5500, 
ABSciex). Analytes were separated on reverse phase column (Synergi Fusion, Phenomenex) 
using gradient elution with methanol and methanol/5 mM ammonium acetate in water 55/45 
(v/v). Eluting analytes were ionized using electrospay in negative mode and detected in MRM 
mode. 
 

V.2.2.5. Quality Assurance / Quality Control 

The applied quality control measures included the analysis of procedural solvent blanks, 
fabrication controls, field controls and matrix spikes as defined in the ISO 5667/23 standard 
[6]. One field blank sampler, common for all subsequent sampling stretches, of each type was 
exposed to air while samplers were being deployed and collected. Three fabrication control 
samplers were also analysed to determine (where relevant) the initial concentration of PRCs 
in the samplers before exposure. At least four blank samplers of each type, spiked with target 
analytes were processed to determine the method extraction recovery. At static samplers 
deployed in Ukraine one triplicate Empore SDB-RPS disk samplers were exposed and analysed. 
The reported values represent the mean value of the three samplers deployed in parallel. 



Scientific Report – Joint Black Sea Surveys 2016 

 

361  

V.2.2.6 Data analysis 

Dissolved water concentrations of HCB, OCPs, PCBs, BDE, NFR were calculated from analyte 
amounts accumulated in silicone rubber samplers, using the in situ sampling rate (RS) of the 
compounds and their sampler-water partition coefficients [8] using the uptake model 
developed by Rusina et al. [9]. Sampling rates were estimated from dissipation of PRCs from 
samplers during exposure using the method described by Booij and Smedes [10]. 

For Empore SDB-RPS disk samplers robust calibration data are not available so far. For 
compounds under investigation we assumed an integrative uptake with a constant sampling 
rate. Identification of pollutant gradients along the Black Sea transects was performed based 
on the amount of a compound sampled by the Empore disk sampler in individual sampling 
stretches or at the two static sites. For the purpose of a better comparison of data from the 
static sites with those obtained from the ship, static site data was normalised to the same 
surface area as was used on the ship (i.e. multiplied by the surface area ratio 87cm2/35cm2 
~2.5). 

 

V.2.3 Results 

V.2.3.1 Analysis of hydrophobic compounds- use of silicone 
rubber samplers 

V.2.3.1.1 Polychlorinated biphenyls and organochlorine pesticides 

Calculated dissolved concentrations in surface seawater of the sum of 7 indicator PCB 
congeners ranged from 13 to 78 pg l-1 (Figure V.2.3.) The concentrations are about one order 
of magnitude lower than those reported from passive sampling performed in the Danube 
River water during the Joint Danube Survey 3 [5] and comparable with concentrations 
measured by passive sampling in 2012 in the Aegean Sea (7 to 33 pg l-1) [11]. Over the set of 
investigated PCB congeners there is a decrease in free dissolved concentration as 
hydrophobicity increases. No clear spatial trend of PCB contamination can be identified based 
on the analysed samples. 

The free dissolved concentrations of OCPs in surface seawater were also in sub ng l-1 range. 
Concentration of the sum of 6 DDT isomers and its metabolites ranged from 18 to 227 pg l-1; 
the highest concentration was measured along the stretch 1 in the north-western part of the 
Black Sea. For comparison, the surface water of the Danube River in its delta area contains 
DDT (sum of 6 isomers and metabolites) concentrations up to 1000 pg l-1 [5]. Concentrations 
of p,p`-DDT (1-21 pg l-1) comprised only 4-8% of the total DDT, which indicates no evidence of 
significant fresh emissions of DDT to the Black Sea. Concentrations of pentachlorobenzene 
(PeCB) and hexachlorobenzene (HCB) ranged from 1 to 7 pg l-1 and from 2 to 20 pg l-1, 
respectively. No clear spatial trends in PeCB and HCB concentration could be observed and 
the concentrations were well comparable with those measured in surface seawater in the 
Aegean Sea in 2012 [11]. For comparison, the surface water of the Danube River in its delta 
area contains HCB concentrations of about 100 pg l-1 [5]. 
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V.2.3.1.2 Brominated diphenyl ethers and novel flame retardants 

Concentrations of freely dissolved PBDEs in surface seawater (referring to the sum of the 
concentrations of congener numbers 28, 47, 99, 100, 153 and ranged from 0.07 to 1.1 pg l-1 
(Figure V.2.4). BDE concentrations were about hundred times lower than those of PCBs. 
Congeners BDE 47 and BDE 99 dominate among the analysed congeners in all samples. The 
concentrations are somewhat lower than those measured by passive sampling in 2012 in the 
Aegean Sea (3.1 to 6.2 pg l-1) [11]. 

 

  
Figure V.2.3 Free dissolved concentration of PCBs 

measured by SR samplers along 4 Black Sea transects 

and at 2 static sites in Ukraine`s coastal waters. 

Figure V.2.4 Free dissolved concentration of PBDEs 

measured by SR samplers along 4 Black Sea transects and 

at 2 static sites in Ukraine`s coastal waters. 

 

Among the 21 NFRs eight compounds exceeded limit of quantification in passive sampler 
extracts. Those included pentabromobenzene, pentabromotoluene, hexabromobenzene, 1,2-
Bis(2,4,6-tribromophenoxy)ethane, syn- and anto-dechlorane plus, α- and β-
Tetrabromoethylcyclohexane. The sum of their concentrations in surface seawater ranged 
from 0.7 to 14.3 pg l-1 (Figure V.2.5.). To our knowledge this is the first free dissolved 
concentration data reported for NFRs in seawater using passive sampling. 
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V.2.3.2 Analysis of polar compounds – use of Empore disk 
samplers 

V.2.3.2.1 Polar pesticides 

A suite of 40 CUPs was analysed in extracts from the Empore SDB/RPS samplers exposed in 
surface seawater. Among analysed compounds, only concentrations of several triazine 
herbicides (atrazine, simazine and terbuthylazine), triazole fungicides (propiconazole, 
tebuconazole), the chloroacetanilide herbicide metolachlor, herbicides acetochlor and 
pyrazon and the organophosphate insecticide chlorpyrifos significantly exceeded those found 
in field blanks. Their presence in surface seawater was also reported in other studies [12–14]. 
The uptake indicates concentrations were at ng l-1 levels with no clear spatial trends. 

V.2.3.2.2 Pharmaceuticals and personal care products 

A suite of 14 PHA and personal care products was analysed in extracts from the Empore 
SDB/RPS samplers exposed in surface seawater, including atenolol, caffeine, carbamazepine, 
ciprofloxacine, clofibric acid, diclofenac, diethyltoluamide (DEET), hydrochlorothiazide, 
ibuprofen, ketoprofen, naproxen, paracetamol, sulfamethoxazole, triclocarban, and triclosan. 
Among analysed compounds, only concentrations of caffeine (up to 310 ng/sampler), 
carbamazepine (up to 60 ng/sampler), DEET (up to 130 ng/sampler), paracetamol (up to 130 
ng/sampler) and sulphamethoxazole (up to 4 ng/sampler) significantly exceeded those found 
in field blanks. Aqueous concentrations derived from sampler uptake are in the ng l-1 range. 

 
 

Figure V.2.5 Free dissolved concentration of NFRs 

measured by SR samplers along 4 Black Sea 

transects and at 2 static sites in Ukraine`s coastal 

waters. 

Figure V.2.6. Amounts of PHA accumulated by 
Empore SDB-RPS samplers along 4 Black Sea 
transects and at 2 static sites in Ukraine`s coastal 
waters. 
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The above listed compounds were also reported to be present in surface seawater in other 
studies [13–16]. Elevated concentrations of paracetamol were observed at the static sampling 
sites in the Ukraine`s territorial waters. Elevated levels of caffeine were found especially in 
samplers exposed during the ship cruises. Literature shows that concentrations of caffeine in 
surface seawater widely vary, depending on the location of the marine sampling site [13–16]. 

 

V.2.3.2.3 Perfluorinated compounds 

A suite of 21 PFs was analysed in extracts from the Empore SDB/RPS samplers exposed in 
surface seawater. Among analysed compounds, concentrations of PFBS (0.5 to 2.2 
ng/sampler) PFOS (4.9 to 16.8 ng/sampler), PfHxS (1.0 to 2.7 ng/sampler) significantly 
exceeded those found in field blanks at all sites. Uptake corresponds to concentrations in the 
sub ng l-1 levels. Unfortunately, a contamination of blank samplers deployed from the ship by 
PFOA was observed and no data for this compound can be reported. Samplers deployed at 
the two static sites in the Ukraine contained significant amounts of PFOA (16.4 to 17.8 
ng/sampler). Further compounds that were detected in samplers from the two static 
deployment sites included PFHpA (up to 2.6 ng/sampler), PFNA (up to 3.8 ng/sampler), PFDA 
(up to 1.8 ng/sampler) and PFDs (up to 0.99 ng/sampler). Those compounds were also 
reported to be present in surface seawater in other studies [13,17,18]. 

 

V.2.4 Conclusions 

The passive sampling data collected during the Join Joint Open Sea Survey and the National 
Pilot Monitoring Studies in 2016 provided very useful information on the occurrence and 
typical levels of several classes of trace organic pollutants in surface seawater of the Black Sea. 
Passive sampling has been confirmed as a robust technique that enables to detect pollutants 
at sub ng/l level without the need of complex sampling equipment or laborious sampling 
operations (e.g. active extraction of large volumes of seawater). During the campaign local 
staff from the Ukraine and Georgia has been trained in deployment of passive samplers in 
surface seawater, which enables to perform further sampling studies according to a good 
practice without the need of on-site assistance from passive sampling experts. This first 
investigative monitoring campaign serves as a good starting point for future sampling 
campaigns. In future, data with an increased spatial resolution could be obtained by deploying 
passive samplers at multiple static sites or along defined transects using available 
infrastructure (e.g. buoys, offshore installations, opportunity ships). 

V.2.5 Recommendations 

We strongly recommend using partitioning passive sampling (e.g. those based silicone rubber 
samplers) as a tool for various monitoring purposes. The application of integrative sampling 
using a polymer matrix with well defined and constant properties makes it possible to measure 
extremely low concentrations without the natural variability related to compositional 
differences in traditional whole water grab of, sediment or biota samples. Thus passive 
sampling is suitable for assessment of temporal and/or spatial pollutant trends in seawater. 
Free dissolved concentration (Cfree) of a compound can be, based on the principles of 
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equilibrium partitioning theory [19], converted to lipid-based concentrations in a hypothetic 
aquatic organism that does not metabolise or biomagnify the compound. For several 
compound classes, the required polymer/water [8] and polymer/lipid [20] partition coefficient 
values are available and more research is currently ongoing. We believe that scientifically 
sound procedures can be derived for the conversion of passive sampling measurements to 
water quality assessment criteria (EQS) on the basis of Cfree. In such case, in future monitoring 
of bioaccumulative substances in marine biota may be replaced by passive sampling. 

With regard to sampling of polar compounds, conversion of chemical uptake by adsorption 
passive samplers to concentrations in water is so far associated with a relatively large 
uncertainty [21]. Nevertheless, the time integrative character of sampling, in combination 
with the simplicity of sampling operations and sample logistics, make passive samplers the 
method of choice in initial screening campaigns for identification of contaminants presence, 
patterns and their relative occurrence in monitored areas. 
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V.3.1 Introduction 

The DG NEAR 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 environmental (MSFD), chemical and ecological status 
(WFD) of the Black Sea should be improved, in line with Black Sea Strategic Action Plan needs. 
Partner countries’ ability to perform marine environmental monitoring along MSFD principles 
should be enhanced, taking into account the Black Sea Diagnostic Report. DG JRC, Directorate 
for Sustainable Resources, through the Water and Marine Resources Unit provided support to 
this project by chemical analyses of selected organic trace contaminants in sea water samples. 
Samples have been taken during the EMBLAS-II Joint Black Sea Survey (NPMS/JOSS GE-UA) in 
May/June 2016.  

A sampling strategy including collection of both coastal and open sea water samples was 
agreed with EMBLAS-II scientific team. Two project experts visited JRC for the preparation of 
the sampling activity prior to the survey. Filtration/adsorption units and sampling equipment 
developed by JRC (G. Mariani, 2016 [1]) were sent to the starting point of the survey Constanta 
(Romania) to be loaded on the survey's ship. After the cruise, the two project experts, in 
collaboration with JRC technical personnel, prepared samples for instrumental analysis at JRC 
Ispra laboratory facility. Measurements of samples were performed by High Resolution Gas 
Chromatography-High Resolution Mass Spectrometry (HRGC-HRMS) and by Ultra High 
Performance Liquid Chromatography-tandem Mass Spectrometry (UHPLC-MS/MS). In total, 
33 water samples were analysed with target multi-compound methodologies including 101 
substances.  A special attention was paid to WFD priority substances (PSs) listed in the 
Environmental Quality Standards Directive (EQSD; 2013/39/EU).  

 

V.3.2 Materials and methods 

V.3.2.1 Sampling device and sampling method 

33 Black Sea surface water samples including two breakthrough test samples and one field 
blank sample were received and analysed by JRC D02 laboratory facility (Figure V.3.1.). 

 
Figure V.3.1: Extraction disk used for collection of sea water samples; example of disk used 

for sample NPMS UA 5 after large volume solid phase extraction (LV SPE) 
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Samples were collected from the sea surface using a zodiac boat, or in some cases the sea 
water was sampled from the ship's continuous pumping system consisting of a vertical steel 
pipe positioned on the starboard of the ship with the mouth of the suction hose approximately 
2 m below the seawater level. Sea water samples were collected both in 20 litres steel tanks 
and in 20 litres HDPE containers, all previously cleaned with acetone and rinsed with Milli-Q 
water. Breakthrough volume (BV) is an essential parameter that must be determined for the 
correct evaluation of sampling efficiency of developed solid phase extraction (SPE). For this 
purpose, two samples were collected using a setup of two cartridges in series, where the first 
was used for the extraction of a particular sampling site and the second was used for the 
calculation of the BV. 

 

V.3.2.1.1 Solid phase extraction of environmental water samples 

Analytical blanks, field blank and breakthrough samples were included in the campaign. HLB 
SPE Disk (Hydrophilic/Lipophilic Balanced - AtlanticTM HLB-H) filtration/adsorption cartridges, 
previously cleaned and conditioned, were used for sample extraction. Water samples 
collected in containers were spiked with a mix of labelled internal standards and filtered 
directly on site at an average flow of 0.140 l/min, using a field transportable sampling device 
developed by JRC (Figure V.3.2). The device consisted of a Teflon holder for the 47mm SPE 
Disk, membrane pump, digital flowmeter counter and a battery (12V-9A/h). All spare part 
were assembled in an aluminium box. 

Activation, drying and elution of HLB disks were performed using an automatic extractor at 
JRC in Ispra. A two fractions sequential elution was performed with 3 x 20 ml ethyl acetate (1st 
fraction) followed by 3 x 20 ml 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 compounds analysis 
was concentrated under gentle nitrogen flow to 100 µl and submitted to HRGC-HRMS analysis 
(GC-fraction). The portion dedicated to polar compounds analysis was added to the 
methanolic eluate, mixed and evaporated to dryness. The sample was reconstituted in 0.5 ml 
reconstituting solution and analysed by UHPLC-MS/MS (LC-fraction).  

 
FigureV.3.2: Sampling device used for LV SPE sampling  
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V.3.2.1.2 Analytical methods 

UHPLC-MS/MS for analysis of polar compounds  

Multi-residual UHPLC-MS/MS using isotope dilution method was applied for analysis of polar 
compounds. This method comprises an addition of known amounts of 13C isotopically-
enriched substances to the analysed sample, and in combination with highly specific multiple 
reaction monitoring (MRM) approach can reach very low limits of detection for compounds of 
interest.  

HRGC-HRMS for analysis of semi-polar and nonpolar compounds  

GC fractions were analysed by HRGC-HRMS using isotopic dilution method for four groups of 
semi-polar and nonpolar compounds: organophosphorous compounds (OPCs), polyaromatic 
hydrocarbons (PAHs) + ethylhexyl methoxycinnamate (EHMC) + butylated hydroxytoluene 
(BHT), indicator polychlorinated biphenyls (ind-PCB; congeners 28, 52, 101, 118, 138, 153 and 
180) and pesticides. 

For ind-PCBs the two most abundant ions of the isotopic molecular cluster were recorded for 
both native and labelled congeners.  

For organochlorinated pesticides (OCPs), two ions of the isotopic cluster were selected coming 
from the fragmentation and chosen on the basis of close elution of different OCPs and the 
dynamic mass range of the HRMS.  

For non-chlorinated pesticides, two most abundant ions were selected coming from the 
fragmentation and chosen on the basis of close elution with other pesticides. 

For PAHs, the single molecular ion was recorded both for native and labelled compounds.  

For BHT, molecular ion and -15 m/z ion were recorded. For EHMC, the two most abundant 
ions were recorded. 

For OPCs, two most abundant ions were selected coming from the fragmentation and chosen 
on the basis of close elution of different OPCs and the dynamic mass range of the HRMS. 

 

V.3.2.2 Quality Assurance / Quality Control 

Quantification of selected analytes was performed using isotopic dilution method, implying 
the use of isotopically labelled analogues for polar, semi-polar and nonpolar 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 selected analytes in real world samples. The concept, originally defined for the 
determination of organic contaminants in food, has been widely used in many matrices, 
including environmental samples. It proposes a minimum number of IPs for the confirmation 
of a positive finding in real samples. Furthermore, the Decision requests that the deviation of 
the relative intensity (ion ratio) of recorded ions/MRM transitions must be within a certain 
percentage value compared to the reference standard and the retention time must not 
deviate more than 2.5%. 

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, with the 
exception of PAHs for which only one ion was recorded). 
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Levels of analytical and field blanks were controlled during the entire process (sampling and 
extraction) for all studied compounds. The field blank concentration, when positive, was not 
subtracted. Positive blanks are reported in the table of results. Limit of detections (LODs) have 
been calculated both as methodological average parameters and for each compound in each 
sample on the basis of a signal/noise ratio of 3:1. These latter values differ from the average 
methodological LODs and LOQs due to the presence of interfering matrix components and 
variations in recoveries. 

 

V.3.2.3 Risk assessment 

A toxic threshold value was assigned to each of the investigated substances using either 
annual average environmental quality standards (AA-EQS) from the EQS Directive or Predicted 
No-Effect Concentrations (PNECs). In case no experimental PNEC was available for a given 
substance, the PNEC was derived by a model (Quantitative Structure Actity Relationship 
(QSAR) and read-across methodology; cf. also Chapter V.4). The authors are aware that there 
are numerous, and often widely varying, PNECs for each substance, therefore so-called 'lowest 
PNECs' developed by experts from the NORMAN network (www.norman-network.net; Dulio 
et al., 2013) were applied whenever available (cf. Table V.3.1.).  

The maximum Measured Environmental Concentrations (MEC) of individual compounds were 
divided by the AA-EQS or lowest PNEC to obtain 'Risk Quotient' (RQ). Values of RQ > 1 
represent situations when the toxic threshold value is exceeded, i.e. the water fauna and/or 
flora are under direct threat by the substance causing the exceedance. The approach does not 
take into account mixture toxicity. 

 

V.3.3 Results and discussion 

V.3.3.1 UHPLC-MS/MS analysis of polar compounds and 
perfluorinated compounds (PFCs) 

Samples from all 33 investigated sampling stations (9- NPMS Ukraine, 14- NPMS Georgia and 
10 JOSS Georgia-Ukraine) were analysed with paying special attention to the determination 
of WFD PSs. A full list of compounds analysed in each sample is in Table V.3.1. Only the results 
of positively determined compounds are discussed below. Figure V.3.3 provides a summary 
overview of the analytical results for the polar (emerging) organic substances that were 
determined in at least one of the tested samples.  
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Figure V.3.3: Summary overview of concentrations of polar compounds determined in 

NPMS/JOSS GE-UA sea water samples. For positions of NPMS (GE, UA) and JOSS stations 

see Chapter Executive Summary. 

The detection frequency was rather high (> 90%) for 10,11-dihydro-10,11-dihydroxy-
carbamazepine, 2,4-D (2,4-dichlorophenoxyacetic acid), PFHpA, PFHxS, PFOA, 
sulfamethoxazole and simazine. Only nine out of 17 investigated compounds were not 
detected in any of the samples (see Figures V.3.3., V.3.4.4.).  

  

Figure V.3.4. Summary overview of concentrations of PFCs determined in NPMS/JOSS GE-
UA sea water samples. The annual average EQS (0.13 ng/l) of the WFD PS PFOS is indicated 

by red-dash horizontal line.  

 

Six out of seven monitored PFCs (Table V.3.1; Figure V.3.4) were present in the samples. WFD 
PS PFOS was determined in nine samples and in seven cases exceeded its limit value (AA-EQS 
0.13 ng/l). Its maximum concentration 0.73 ng/l was observed in the sample from NPMS UA 
7. Concentrations of all other pollutants were well below the available PNEC values, however, 
their widespread occurrence across the Black Sea is a matter of concern. Concentrations of 
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persistent and bioaccumulative substances in biota and sediment samples should be carefully 
monitored. Future investigative monitoring should include also stable transformation 
products of substances uniquitous in NPMS/JOSS 2016 samples. The highest cumulative input 
of polar substances and PFCs was observed in samples from NPMS UA 5 and NPMS UA 7, which 
point at the Danube River as a significant pollution source. A potential mixture adverse effects 
of these pollutants should be investigated by applying a battery of bioassays (Altenburger et 
al. 2015). 

 

V.3.3.2 HRGC-HRMS analyses 

Samples from all 33 sites were subjected to HRGC-HRMS analyses that were divided into 4 
groups: (i) OPCs, (ii) PAHs + EHMC + BHT, (iii) PCBs and (iv) pesticides. 

 

V.3.3.2.1 Organophosphorus compounds (OPCs) 

Figure V.3.5 provides a summary overview of the analytical results for those OPCs that were 
quantified in at least one of the sea water samples. 

 

  

Figure V.3.5. Summary overview of concentrations of OPCs determined in NPMS/JOSS GE-
UA sea water samples 

Ten out of the 14 investigated OPCs were present in all samples (See Table V.3.1). TPP, TEHP, 
TIPPP and T35DMPP were not detected at any site. Tritolyl phosphate was detected at all 
stations (cavg 0.515 ng/l) and its PNEC value (0.77 ng/l) was exceeded 6 times, the highest 
concentration (3.758 ng/l) was found in the Dniester region – NPMS UA 2. The PNEC value of 
TMPP was exceeded in samples from NPMS GE 2, 8, 13 and UA 2, 7 (see Figure V.3.6.). 
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Figure V.3.6. Occurrence of TMPP in in NPMS/JOSS GE-UA sea water samples; PNEC value 

is indicated by the blue-dash horizontal line 

 

A relatively high maximum concentration (46.33 ng/l) of triphenyl phosphate (TPHP); PNEC – 
170 ng/l) was determined in the sample from NPMS GE 2. Highest cumulative concentration 
of all OPCs was observed in samples from NPMS UA 7, NPMS UA 5 (close to the Danube 
estuary), JOSS 25 (possibly impacted by the Danube), NPMS GE 2, NPMS GE 1, JOSS 10 and 
JOSS 11. Pollution pattern of NPMS UA 7 and NPMS UA 5 samples was dominated by TIBP and 
TCIPP, whose concentrations were among the highest also in the JDS3 (Liska et al., 2015). 
Georgian samples NPMS GE 1 and GE-2 were characterised by higher concentrations of TPHP. 
JOSS 11 sample contained highest concentration of EHDP. 

 

V.3.3.2.2 PAHs, ethylhexyl methoxycinnamate (EHMC) and butylated 
hydroxytoluene (BHT) 

Figures V.3.7. and V.3.8. provide a summary overview of the analytical results for PAHs, EHMC 
and BHT. Only PAHs that were determined in at least one of the investigated water samples 
are discussed. 
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Figure V.3.7. Summary overview of concentrations of PAHs determined in NPMS/JOSS GE-
UA sea water samples 

 

 

Figure V.3.8. Summary overview of concentrations of BHT and EHMC determined in 
NPMS/JOSS GE-UA sea water samples; PNEC value of EHMC is indicated by the red-dash 

horizontal line 

 

PAHs and BHT were rather ubiquitous, being determined at each sampling site. The highest 
pollution by the sum of PAHs was observed at NPMS UA 7, UA-5 (close to the Danube estuary), 
JOSS 25 (possibly impacted by the Danube), NPMS GE 15 and NPMS GE 11, 13, 2, 3. WFD PS 
benzo(a)pyrene was determined in all samples and in 14 cases quantified over its limit value 
(AA-EQS 0.17 ng/l; cf. Table V.3.1 and Figure V.3.7). Its maximum concentration 2.04 ng/l was 
determined in the sample from NPMS UA 7. None of the other 'legacy' PAHs exceeded limit 
values from the EQS Directive. Benzo(ghi)perylene together with indeno(123-cd)pyrene were 
determined in all samples. The previous version of EQS Directive (2008/105/EC) set for these 
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two compounds AA-EQS 2 ng/l as a sum of their concentrations but this limit value is no longer 
legally required by the Directive 2013/39/EU. Benzo(ghi)perylene was present at the highest 
concentration of 10.96 ng/l in the sample from NPMS UA 5. Indeno(123-cd)pyrene the highest 
concentration value 2.05 ng/l was observed at the sampling site NPMS UA 7. Pyrene was 
determined in all samples and in four cases exceeded the available PNEC value (4.6 ng/l; see 
Figure V.3.7). Its maximum concentration was 11.93 ng/l observed at the sampling site NPMS 
GE 15. The maximum concentration of sunscreen agent EHMC (29.66 ng/l, see Figure V.3.8) 
exceeded its PNEC (27.1 ng/l) at the sampling site NPMS GE 3. The antioxidant BHT was 
present in all samples. Its maximum concentration 227.92 ng/l (NPMS UA 7) did not exceed 
the available PNEC value. 

 

V.3.3.2.3 Indicator PCBs 

An overview of the results for PCBs is shown in Figure V.3.9.  

  

Figure V.3.9. Summary overview of concentrations of PCBs determined in NPMS/JOSS GE-
UA sea water samples 

 

All investigated PCBs, with the exception of PCB 180, were present in each sample. The 
samples from the western Ukrainian shelf (NPMS UA 2, 5, 7, 11; JOSS 25) and Georgian sites 
NPMS GE 15, 13, 11 and 2 showed highest cumulative levels of pollution. Rather surprisingly, 
also JOSS 2 sample was among the highly polluted samples. 

The available PNEC values were exceeded by all measured PCB congeners in at least one 
sample (cf. Table 1) with highest exceedances by congeners 138 (PNEC 24.66 pg/L; cmax 288.13 
pg/L at JOSS 25); 153 (PNEC 22.08 pg/L; cmax 138.65 pg/L at NPMS UA 2 and 101 (PNEC 27.62 
pg/L; cmax 110.81 pg/L at JOSS 25). 

The concentration of the sum of all seven PCBs congeners ranged from 21.67 pg/L in JOSS 16 
to 670.24 pg/L in NPMS UA 2. 

 

0

100

200

300

400

500

600

700

800

G
E-

1
G

E-
2

G
E-

3
G

E-
4

G
E-

5
G

E-
7

G
E-

8
G

E-
9

G
E-

1
0

G
E-

1
1

G
E-

1
2

G
E-

1
3

G
E-

1
4

G
E-

1
5

JO
SS

-1
JO

SS
-2

JO
SS

-9
JO

SS
-1

0
JO

SS
-1

1
JO

SS
-1

3
JO

SS
-1

6
JO

SS
-1

9
JO

SS
-2

3
JO

SS
-2

5
U

A
-2

U
A

-5
U

A
-7

U
A

-8
U

A
-1

1
U

A
-1

2
U

A
-1

3
U

A
-1

4
U

A
-1

5

C
o

n
ce

n
tr

at
io

n
 [

p
g/

L]

Indicator PCBs

PCB 180

PCB 153

PCB 138

PCB 118

PCB 101

PCB 52

PCB 28



Scientific Report – Joint Black Sea Surveys 2016 

 

377  

V.3.3.2.4 Pesticides 

Pesticide group subjected to investigation in the surveys consisted of 38 pesticides, covering 
i.a. those that are listed in the EQS Directive (2013/39/EU), watch list substances and in the 
Stockholm Convention.  

Figure V.3.10 shows a summary overview of the results obtained for eight pesticides that were 
determined in at least one of the samples. Concentrations of these pesticides were far below 
their EQS or PNEC values. However, the specific distribution of individual pesticides across the 
Black Sea can be observed; e.g. HCBD was detected at Georgian sampling sites (NPMS GE 1, 2, 
3), whereas endosulfane-sulphate and trifluralin were observed only in Ukrainian waters 
(NPMS UA 5, 7 and NPMS UA 5, 12, respectively). 

 
Figure V.3.10. Summary overview of concentrations of selected pesticides in NPMS/JOSS 

GE-UA sea water samples 

 

The occurrence pattern of the WFD PS “total DDT” is shown in Figure V.3.11. DDT and its 
degradation products were detected at all sampling sites, despite the fact that the use of DDT 
has been banned for several decades. All concentrations were below the EQS value (25000 
pg/L for DDT total and 10000 pg/L for p,p-DDT). Highest concentrations were observed in the 
Ukrainian waters (NPMS UA 7, 5, 2, 8; JOSS 25) whereas the concentrations were rather evenly 
distributed alongside the Georgian coast.  
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Figure V.3.11. Summary overview of concentrations of “DDT – total” in NPMS/JOSS GE-UA 

sea water samples 

 

 
Figure V.3.12. Summary overview of concentrations of hexachlorocyclohexane (HCH) in 

NPMS/JOSS GE-UA sea water samples; AA-EQS od HCH is indicated by green horizontal line 
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Figure V.3.13. Summary overview of concentrations of the sum of heptachlor and 

heptachlor epoxide and cypermethrin in NPMS/JOSS GE-UA sea water samples; the AA-
EQSs are indicated by blue/red-dash horizontal lines 

The AA-EQS (2000 pg/L) of hexachlorocyclohexane has been derived for its gamma isomer. 
The maximum concentration of HCH (296.49 pg/L) was determined at the sampling site NPMS 
UA 7. However, the sum of five isomers, as a part of technical hexachlorocyclohexane, reached 
the maximum concentration of 5329.13 pg/L at the sampling site NPMS GE 2. In general the 
sum of HCH exceeded the HCH limit value at 29 out of 33 sites (see Figure V.3.12) and the 
presence of this substance in the Black Sea environment should be carefully monitored. The 
same pattern of pollution caused by beta isomer of HCH was observed from the results of 
dynamic passive sampling (see Chapter V.2).  

The sum of WFD PSs heptachlor and heptachlor epoxide has the lowest limit value (EQS 0.01 
pg/L) of all PSs, which poses a challenge for the used analytical methods. Heptachlor epoxide 
was determined at four sampling sites (NPMS GE-1/2/5/9) with the maximum concentration 
15.14 pg/l found in the sample from NPMS GE 2. All remaining samples exhibited values below 
LOD. However, one should bear in mind that the required method LOQ could not be achieved 
and there is a potential threat of pollution at more sites above the toxic limit threshold value. 

Similarly, the limit value of WFD PS cypermethrin (8 pg/L) was below the LOD of the used 
analytical method. Nevertheless, the pollutant was determined at two sampling sites (NPMS 
GE 1, 2) with maximum concentration 525.69 pg/L observed at NPMS GE 1. These 
observations should be of concern for the water managers in Georgia. 

 

V.3.4 Conclusions 

• 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.). 
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• 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 AA-
EQS 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. 

• 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.3.5 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. 
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• 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.3.6 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. 
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Table V.3.1. List of substances analysed in 33 sea water samples during the NPMS/JOSS 
GE-UA in May/June 2016. Observed exceedances of AA EQS or PNEC (RQs) are marked in 
bold letters.  cmax - maximum concentration; cavg - average concentration, AA EQS - annual 
average environmental quality standard; PNEC - predicted no-effect concentration; RQ - 
risk quotient. 

No. Substance CAS No. 
cMAX 

(ng.l-1) 

cMEDIAN 

(ng.l-1) 

cAVG 

(ng.l-1) 

2013/39/EU 
Directive 

AA 
EQS/PNEC 

(ng.l-1) 

% 
Frequency 

of 
detection 

RQ 

1 
10,11-dihydro 10,11-
dihydroxy carbamazepine 

35079-97-1 30.87 2.75 5.19 94300 96.97 0.00033 

2 Benzotriazole 95-14-7 91.42 12.38 31.55 19400 12.12 0.00471 

3 
2,4-dichlorophenoxyacetic 
acid (2,4-D) 

94-75-7 3.12 0.72 0.84 200 90.91 0.01562 

4 Atrazine 1912-24-9 - - - 600 - - 

5 Bezafibrate 41859-67-0 - - - 460 - - 

6 Carbamazepine 298-46-4 - - - 500 - - 

7 Diclofenac 15307-86-5 - - - 100 - - 

8 Gemfibrozil 25812-30-0 0.09 0.01 0.03 4824 15.15 0.00002 

9 Ibuprofen 15687-27-1 0.10 0.10 0.10 300 3.03 0.00032 

10 Irgarol 28159-98-0 - - - 2 - - 

11 
Acetic acid, (4-chloro-2-
methylphenoxy)- (MCPA) 

94-74-6 0.57 0.41 0.41 10 6.06 0.05707 

12 Naproxen 22204-53-1 - - - 1700 - - 

13 
Perfluorobutanesulfonic acid 
(PFBS) 

375-73-5 1.25 0.08 0.24 - 45.45 - 

14 
Perfluoroheptanoic acid 
(PFHpA) 

375-85-9 1.20 0.41 0.44 7805 100 0.00015 

15 
Perfluorohexane sulfonic 
acid (PFHxA) 

307-24-4 0.60 0.56 0.56 140000 6.06 0.000004 

16 
Perfluorohexane sulfonic 
acid (PFHxS) 

355-46-4 1.64 0.30 0.41 4033 96.97 0.00041 

17 
Perfluorononanoic acid 
(PFNA) 

375-95-1 0.62 0.23 0.27 1450 39.39 0.00043 

18 
Perfluorooctanoic acid 
(PFOA) 

335-67-1 1.51 1.01 1.01 10000 93.94 0.00015 

19 
Perfluorooctanesulfonicacid 
(PFOS) 

1763-23-1  0.73 0.20 0.28 0.13 27.27 5.59776 

20 Sulfamethazine 57-68-1 - - - 30000 - - 

21 Sulfamethoxazole 723-46-6 19.19 1.07 2.48 600 96.97 0.03198 

22 Terbutryn 886-50-0 - - - 6.5 - - 

23 Terbutylazine 5915-41-3 6.87 0.48 1.59 10 18.18 0.68669 

24 Acetamiprid 135410-20-7 0.39 0.06 0.08 500 63.64 0.00078 

25 Aclonifen 74070-46-5 0.25 0.25 0.25 12 3.03 0.02118 

26 Simazine 122-34-9 32.79 15.54 16.88 1000 78.79 0.03279 

27 
Phosphoric acid, triethyl ester 
(TEP) 

78-40-0 3.59 1.71 1.73 1600000 100 0.000002 

28 
Tri-n-propyl phosphate  

(TPP, TnPP) 
513-08-6 - - - 35 0 - 

29 
Tris(isobutyl) phosphate 
(TIBP) 

126-71-6 69.52 5.19 8.55 11000 100 0.0063 

https://pubchem.ncbi.nlm.nih.gov/compound/74483
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No. Substance CAS No. 
cMAX 

(ng.l-1) 

cMEDIAN 

(ng.l-1) 

cAVG 

(ng.l-1) 

2013/39/EU 
Directive 

AA 
EQS/PNEC 

(ng.l-1) 

% 
Frequency 

of 
detection 

RQ 

30 
Tri-n-butyl phosphate 
(TNBP) 

126-73-8 26.76 2.28 4.82 3650 100 0.0073 

31 
Tris(2-chloroethyl) 
phosphate (TCEP) 

115-96-8 9.65 4.25 4.51 2700 100 0.0036 

32 
Tris(1-chloro-2-propyl) 
phosphate (TCIPP, TCPP) 

13674-84-5 42.16 6.73 8.92 64000 100 0.0007 

33 
Tris(1,3-dichloropropyl) 
phosphate (TDCPP) 

13674-87-8 6.65 0.87 1.18 1000 100 0.0067 

34 
Tris(2-butoxyethyl) 
phosphate (TBOEP) 

78-51-3 11.02 1.15 1.77 5682 100 0.0019 

35 
Triphenyl phosphate (TPHP, 
TPhP) 

115-86-6 46.33 1.24 8.68 170 100 0.2725 

36 
2-Ethylhexyl diphenyl 
phosphate (EHDP) 

1241-94-7 27.26 0.92 2.31 200 100 0.1363 

37 
Tris(2-ethylhexyl) phosphate 
(TEHP) 

78-42-2 - - - 0.95 0 - 

38 Tritolyl phosphate (TMPP) 1330-78-5 3.76 0.30 0.52 0.77 100 4.8804 

39 
Tris(o-
isopropylphenyl)phosphate  
(TIPPP) 

64532-95-2 2.04 1.88 1.88 - 6.06 - 

40 
Phenol, 3,5-dimethyl-, 
phosphate (T35DMPP) 

25653-16-1 - - - - - - 

41 
Pentachlorobenzene 
(PeCBz) 

608-93-5 
0.164 0.013 0.022 

0.7 100 0.2346 

42 Hexachlorobenzene (HCB) 118-74-1 0.289 0.024 0.039 10 100 0.0289 

43 
α-Hexachlorocyclohexane 
(α-Lindane, a-HCH) 

319-84-6 0.800 0.128 0.167 20 100 0.0400 

44 
β-Hexachlorocyclohexane 
(β-Lindane,b-HCH) 

319-85-7 4.992 2.378 2.435 20 100 0.2496 

45 
γ-Hexachlorocyclohexane 
(γ-HCH, g-HCH) 

58-89-9 0.296 0.061 0.073 2 100 0.1482 

46 
δ-Hexachlorocyclohexane 
(δ-HCH, d-HCH) 

319-86-8 0.172 0.021 0.054 20 15.15 0.0086 

47 
ε-Hexachlorocyclohexane (ε-
HCH, e-HCH) 

6108-10-7 0.059 0.059 0.059 20 3.03 0.0030 

48 Heptachlor 76-44-8 - - - 

∑ 0.00001 

- 

1514.44 49 Heptachlor-exo-epoxide 1024-57-3 0.015 0.010 0.010 12.12 

50 Heptachlor-endo-epoxide 1024-57-3 - - - - 

51 Aldrin 309-00-2 - - - 

∑ 5 

- 

0.0345 
52 Dieldrin 60-57-1 0.088 0.018 0.023 60.61 

53 Endrin 72-20-8 0.084 0.082 0.082 6.06 

54 Isodrin 465-73-6 - - - - 

55 trans-Chlordane 5103-74-2 - - - - - - 

56 cis-Chlordane 5103-71-9 - - - 7.4 - - 

57 Oxychlordane 27304-13-8 0.173 0.173 0.173 - 3.03- - 

58 trans-Nonachlor 39765-80-5 - - - - - - 

59 cis-Nonachlor 5103-73-1 - - - - - - 

60 α-Endosulfan 959-98-8 - - - 
∑ 0.5 

- 
- 

61 β-Endosulfan 33213-65-9 - - - - 
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No. Substance CAS No. 
cMAX 

(ng.l-1) 

cMEDIAN 

(ng.l-1) 

cAVG 

(ng.l-1) 

2013/39/EU 
Directive 

AA 
EQS/PNEC 

(ng.l-1) 

% 
Frequency 

of 
detection 

RQ 

62 Endosulfan-sulphate 1031-07-8 0.032 0.004 0.008 5 30.30 0.0064 

63 op-DDE 3424-82-6 0.009 0.007 0.007 - 6.06  

64 op-DDD 53-19-0 0.055 0.007 0.011 0.64 78.79 0.0853 

65 pp-DDE as total-DDT 72-55-9 0.237 0.020 0.036 

∑ 25 

96.97 

0.0274 
66 pp-DDD as total-DDT 72-54-8 0.137 0.021 0.029 100 

67 op-DDT as total-DDT 789-02-6 0.072 0.015 0.022 42.42 

68 pp-DDT as total-DDT 50-29-3 0.241 0.026 0.045 96.97 

69 pp-DDT 50-29-3 0.241 0.026 0.045 10 96.97 0.0241 

70 Methoxychlor 72-43-5 - - - 0.5 - - 

71 Mirex 2385-85-5 - - - 0.77 - - 

72 
Hexachlorobutadiene 

(HCBD) 
87-68-3 0.107 0.045 0.062 100 9.09 0.0011 

73 Dichlorvos 62-73-7 - - - 0.06 - - 

74 Trifluralin 1582-09-8 0.049 0.045 0.033 30 9.09 0.0016 

75 Triallate 2303-17-5 0.035 0.022 0.023 9 24.24 0.0039 

76 Chlorpyriphos 2921-88-2 0.427 0.070 0.104 30 100 0.0142 

77 Chlorfenvinphos 470-90-6 - - - 100 - - 

78 Dicofol 115-32-2 - - - 0.032 - - 

79 Cypermethrin 52315-07-8 0.526 0.329 0.329 0.082 6.06 6.4109 

80 Phenanthrene 85-01-8 5.66 2.45 2.64 30 100 0.1887 

81 Anthracene 120-12-7 1.27 0.36 0.40 100 100 0.0127 

82 Fluoranthene 206-44-0 4.24 0.89 1.20 6.3 100 0.6730 

83 Pyrene 129-00-0 11.93 1.36 2.31 20 100 0.5964 

84 Benz(a)anthracene 56-55-3 0.52 0.04 0.07 0.64 100 0.8110 

85 Chrysene 218-01-9 0.99 0.20 0.25 100 100 0.0099 

86 
Sum 
Benzo(b,j,k)fluoranthene 

 2.22 0.19 0.33 - 100  

87 Benzo(e)pyrene 192-97-2 2.50 0.24 0.41 18 100 0.1388 

88 Benzo(a)pyrene 50-32-8 2.04 0.13 0.28 0.17 100 12.0026 

89 Perylene 198-55-0 1.80 0.04 0.13 25 100 0.0720 

90 Indeno(123-cd)pyrene 193-39-5 2.05 0.11 0.27 2 100 1.0230 

91 Benzo(ghi)perylene 191-24-2 10.96 0.52 1.34 2 100 5.4790 

92 Dibenz(ah)anthracene 53-70-3 0.36 0.02 0.04 10 100 0.0362 

93 BHT 128-37-0 227.92 45.25 60.57 1400 100 0.1628 

94 
Ethylhexylmethoxycinnamat
e (EHMC) 

5466-77-3 29.66 3.64 5.76 27.1 100 1.0946 

95 PCB 28 7012-37-5 0.081 0.010 0.016 0.0319 100.00 2.5367 

96 PCB 52 35693-99-3 0.069 0.007 0.012 0.0349 100.00 1.9884 

97 PCB 101 37680-73-2 0.111 0.013 0.027 0.0276 100.00 4.0149 

98 PCB 118 31508-00-6 0.088 0.006 0.012 0.0344 100.00 2.5605 

99 PCB 138 35065-28-2 0.288 0.016 0.051 0.0247 96.97 11.6651 

100 PCB 153 35065-27-1 0.139 0.014 0.028 0.0221 100.00 6.2739 

101 PCB 180 35065-29-3 0.079 0.006 0.013 0.0163 75.76 4.8594 
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V.4 Target, suspect and non-target screening of Black Sea 
pollutants in water and sediments by LC-HR-MS and GC-MS 
techniques 
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Figure V.4.20. a) Map of the NPMS UA sampling stations, b) simulated distribution of concentrations 
of Valtarsan - the higher intensity of red colour, the higher the concentration 
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V.4.1 Targeted determination of Black Sea pollutants in 
water and sediments by LC-MS/MS, LC-QToF-MS and GC-
MS/MS techniques 

V.4.1.1 Introduction  

The study area for contamination state was covered by three transects of Black Sea; the 
western side close to Ukraine, 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 (UA) were 
obtained during the National Pilot Monitoring Studies (NPMS), while the Open Sea samples 
during Joint Open Sea Surveys (JOSS). Thirty three seawater samples (ten JOSS, nine NPMS-
UA and fourteen NPMS-GE) and nineteen sediment samples (five JOSS, eight NPMS-UA and 
six NPMS-GE) in total were collected and analyzed.  

V.4.1.2 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 
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of metals and arsenic after acidification (for seawater) or microwave digestion and dilution 
(for sediments) and on-line addition of internal standards. 

The sediment samples were wet-sieved through 63 um mesh size sieve during the surveys, 
then freeze-dried in the laboratory and the results are provided in μg/kg (dry weight).  

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.4.1. 

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. Moreover, in parallel to the analysis of the Black Sea samples, UoA 
participated in an interlaboratory comparison study on heavy metals and persistent organic 
compounds in sediment and mussel matrices, organized by Ukrainian Scientific Center of 
Ecology of the Sea (UkrSCES). 

Table V.4.1. 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 

Pesticides 

S
ea

w
at

er
 

Clean-up and pre-concentration by SPE, using 
STRATA- X (200 mg 6 mL) cartridges 

LC-ESI (+)-MS/MS 
(SRM mode) 

Perfluorinated compounds (PFCs) 
LC-ESI (-)-MS/MS 

(SRM mode) 

Polyaromatic hydrocarbons (PAHs) 

Clean-up and pre-concentration by large- 
volume SPE, using HLB disks, performed by 
JRC* 

GC-EI-MS/MS 

(SRM mode) 
Organochlorine pesticides (OCPs) 

Polychlorinated naphthalenes (PCNs) 

Chloroalkanes 
GC-CI (-)-MS  

(SIM mode) 

Heavy Metals (HM) and Arsenic Acidification  ICP-MS 

Organotin compounds 
Simulataneous derivatization with NaBEt4, and 
LLE with hexane 

GC-EI-MS/MS  

(SRM mode) 

Phthalates Clean-up and pre-concentration by SPE, using 
layered ‘mixed bed’ cartridges consisting of 
Oasis HLB (200 mg) and a mixture of Strata-X-
AW (weak anion exchanger, 100 mg), Strata-
X-CW (weak cation exchanger, 100 mg) and 
Isolute ENV+ (150 mg) 

LC-ESI (+/-)-
QTOFMS(/MS) 

(bbCID mode)*** 

Phenols 

Emerging contaminants** 

Polyaromatic hydrocarbons (PAHs) 

S
ed

im
en

ts
 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) 

Organochlorine pesticides (OCPs) 

Brominated diphenyl ethers (BDEs) 
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Class of priority pollutants & 
emerging contaminants 

Matrix Sample preparation method Analytical method 

Heavy Metals (HM) and Arsenic Microwave assisted digestion; dilution ICP-MS 

Organotin compounds 
Ultrasonic assisted extraction; Derivatization 
with NaBEt4 and extraction with organic 
solvents 

GC-EI-MS/MS  

(SRM mode) 

Phenols 
Ultrasonic assisted extraction with MeOH/H2O, 
followed by SPE C18 clean-up 

LC-ESI (+/-)-
QTOFMS(/MS) 

(bbCID mode) Emerging contaminants Ultrasonic assisted extraction with MeOH/H2O 

* the extracts prepared by JRC (in July), were delivered in UoA for GC-MS/MS analysis in September. 
** 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. 
*** 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. 

 

The instrumental methods used are described in detail in Part A of the Annex 11.  

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 μg/kg for sediment and biota.  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. 

Acute toxicity data were estimated by using two different prediction models. The predictive 
ECOSAR software [4] was used for three different trophic levels (daphnids, fishes and green 
algae) to evaluate the potential risk of the identified contaminants with no EQS, individually, 
in the aquatic environment. The ECOSAR program predicts toxicity by assessing the structural 
similarity of a given compound with compounds whose toxicity to aquatic organisms has 
already been experimentally determined [5]. The output of ECOSAR was the baseline toxicity 
(in mg/l) and the lethal or effective concentration (LC50 or EC50, in mg/l) of the above 
mentioned trophic levels. In the case where a structure of an emerging contaminant was 
similar to more than one chemical class of ECOSAR, then the worst case scenario was chosen 
(meaning, the lower LC50 values). Wherever available, LC50 or EC50 of a fish in seawater, was 
used. Due to limitations of the model, if a compound was not similar with an already studied 
class (e.g. PFCs, DDT, HCHs), estimations were provided by using the neutral organics QSAR 
equations. These estimations represent the baseline toxicity potential (minimum toxicity) 
assuming a non-polar narcosis model.  
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The second model used was ToxTrAMS [6]. 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). Since estimations of acute toxicity, LC50 could be performed with both 
tools, ToxTrAMS was chosen for its 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. 

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 Predicted No Effect 
Concentration (PNEC), which was calculated as the EC50 or LC50 value divided by a safety factor 
of 1000 for the case of acute toxicity data. RQs greater than 1 were considered indicative of 
an ecotoxicological risk for the aquatic environment [7]. 

The PNECs for the non-regulated pollutants detected in this survey are presented in Table D1 
of the Annex 11, while the calculated RQs are included in Table D2 of the Annex 11. 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 (Figure C1-C6 and Table D4 of the Annex 11). For these compounds 
further experimental proofs are required. Moreover, the use of toxicity prediction models and 
the calculation of PNECs is not applicable for elements and Organotin compounds. 
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. 

 

V.4.1.3 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 and SD 
calculations). The frequency of detection, considering all tested samples, is also provided for 
an overview of the results. 
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V.4.1.3.1 Seawater 

V.4.1.3.1.1 Pesticides 

The extracts of STRATA-X cartridges were used for pesticides determination by LC-ESI (+)-
MS/MS. Fourteen pesticides were determined in total (Table V.4.2.). 

Among them, two triazines used as herbicides, Atrazine and Simazine were detected in all 
seawater samples (any tested transect) at a concentration level of (30.3 ±7.4) and (36.4 ±8.7) 
ng/l, respectively, with a standard deviation lower than 9 ng/l (Table A1, Annex 11).  

Chlorfenvinphos was detected at 0.30 ng/l in GE4 sample. UA7 sample, affected by Danube, 
was the sample with the highest frequency of pesticides detection, with 4 detected pesticides 
(Figure V.4.1.). Chlorpyrifos and Terbutryn were detected to UA7 sample at 1.65 and 1.03 ng/l, 
respectively, concentrations much lower than the recommended EQS (30 and 6.5 ng/l, 
respectively). The LODs and EQS of the all screened pesticides are listed in Table V.4.2.  

Apart from the pesticides regulated by 2013/39/EC Directive, additional pesticides and 
pesticides’ TPs were also screened through the emerging contaminants screening method, 
extending the findings of pesticides detection (see Emerging Contaminants section, page 18). 
Even more atrazines were detected, like Terbutylazine and Propazine. Samples UA2, UA5 and 
UA7 were proven to be the most contaminated by 7 το 13 pesticides and pesticides TPs at a 
concentration level, ranging from 43 to 214 ng/l of total pesticides and pesticides’ TPs 
(Emerging Contaminants, page 18). 

 

 

Figure V.4.1 2013/39/EC Directive regulated pesticides (ng/l) in seawater samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 
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Table V.4.2. LODs, LOQs and EQSs of the regulated pesticides. 

Pesticide 
LOD/ LOQ 

(ng/l) 
2013/39/EC Directive 

EQS (ng/l) 
Pesticide 

LOD/ LOQ 
(ng/l) 

2013/39/EC 
Directive 

EQS (ng/l) 

Atrazine 0.013/ 0.04 600 Bifenox 0.3/ 1.0 1.2 

Simazine 0.63/ 2.06 1000 Cybutryne/Irgarol 0.013/ 0.041 2.5 

Chlorfenvinphos 0.063/ 0.21 100 Cypermethrin 0.015/ 0.005 0.008 

Chlorpyrifos 1.0/ 3.3 30 Diuron 1.25/ 4.13 200 

Terbutryn 0.63/ 2.06 6.5 Isoproturon 1.25/ 4.13 300 

Alachlor 1.25/ 4.13 300 Quinoxyfen 1.25/ 4.13 15 

Aclonifen 12.1/ 40 12 Trifluralin 9.09/ 30 30 

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 
Atrazine, Simazine, Chlorfenvinphos, Chlorpyrifos and Terbutryn were detected in seawater 
samples at concentrations much lower than the EQS. The LOD of Cypermethrin is higher than 
the respective EQS value (Table V.4.2.), so the conclusions concerning the quality of the 
samples based on this contaminant are not safe. 

V.4.1.3.1.2 Perfluorinated compounds (PFCs) 

Eighteen PFCs, were determined in the extracts of STRATA- X cartridges by LC-ESI (-)-MS/MS. 
Results for all PFCs, except Perfluorooctanoic acid (PFOA), were below LOD in all tested 
samples (LODs shown in Table V.4.3.). 

Table V.4.3. LODs, LOQs and EQSs of  PFCs. 

PFCs 
LOD/ LOQ 

(ng/l) 

2013/39/EC 
Directive EQS 

(ng/l) 
PFCs 

LOD/ 
LOQ 
(ng/l) 

Perfluorooctanoic acid (PFOA) 0.13/ 0.41 - 
Perfluorotridecanoic acid 

(PFTrDA) 
0.13/ 0.41 

Perfluoroctane sulfonic acid 
(PFOS) 

0.06/ 0.2 0.13 
Perfluorotetradecanoic acid 

(PFTeDA) 
0.50/ 1.65 

Perfluoropentanoic acid 
(PFPeA) 

0.50/ 1.65 - Perfluorobutanesulfonate (PFBS) 0.50/ 1.65 

Perfluorohexanoix acid (PFHxA) 0.13/ 0.41 
- Perfluorohexanesulfonate 

(PFHxS) 
0.50/ 1.65 

Perfluoroheptanoic acid 
(PFHpA) 

0.50/ 1.65 
- Perfluoroheptanesulfonate 

(PFHpS) 
0.50/ 1.65 

Perfluorononanoic acid (PFNA) 0.25/ 0.75 - Perfluorodecanesulfonate (PFDS) 0.50/ 1.65 

Perfluorodecanoic acid (PFDA) 0.13/ 0.41 
- Perfluorooctane sulfonamide 

(PFOSA) 
0.50/ 1.65 

Perfluoroundecanoic acid 
(PFUdA) 

0.25/ 0.83 
- N-methylperfluorooctane 

sulfonamide (N-MeFOSA) 
0.50/ 1.65 

Perfluorododecanoic acid 
(PFDoA) 

0.13/ 0.41 
- N-ethylperfluorooctane 

sulfonamide (N-EtFOSA) 
0.50/ 1.65 

PFOA was detected in most of Open Sea and Georgian samples at an average concentration 
of 1.3 ng/l, while no occurrence was observed in Ukrainian area. As shown in Table A2 of the 
Annex 11, no significant concentration variation was noticed among the detected samples. 
The exact concentrations of PFOA in each of the detected samples are depicted in Figure V.4.2. 
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Figure V.4.2 PFOA (ng/l) in seawater samples from Open Sea and Georgian area,  
May/June 2016. 

 

Risk assessment of pollution of the Black Sea by organic pollutants  

The lowest PNEC value for the detected PFOA was calculated for the Pimephales promelas, 
302 ng/l (Table D1 of the Annex 11). The corresponding RQs calculated, were significant low 
and thus adverse effects in the aquatic environment are not expected (Annex 11, Table D2). 

V.4.1.3.1.3 Polyaromatic hydrocarbons (PAHs) 

Thirteen PAHs (Anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(g,h,i)perylene, 
Benzo(k)fluoranthene, Fluoranthene, Indeno(1,2,3-cd)pyrene, Naphthalene, Acenapthene, 
Fluorene, Phenathrene, Pyrene and Chrysene) and three additional volatile compounds (Ethyl 
O-(p-nitrophenyl) phenyl phosphonothionate, Musk xylene and Neodecanoic acid, ethenyl 
ester) were determined in the HLB disk extracts prepared by JRC, intended for GC analysis. 

The PAHs level caused by anthropogenic impact is estimated as the ratio of the concentrations 
of 4-6-aromatic-ring pyrolytic PAHs to the 2-3-aromatic-ring PAHs formed under natural 
conditions, characteristic for oil and oil products. High molecular mass PAHs (HMW), with 4-6 
aromatic rings (fluoranthene, pyrene, chrysene, benzo[a]anthracene, benzo[b]fluoranthene, 
benzo[k]fluoranthene, benzo[a]pyrene, benzo(g,h,i)perylene, indeno(1,2,3-c,d)pyrene) are 
generated as a follow-up of the fossil fuel (hydrocarbons, coal, oil or natural gases) incomplete 
combustion at high temperatures (pyrolysis). These pyrolytic PAHs are often determined in 
the atmosphere dust of urban areas, unlike low molecular mass PAHs (LMW), with 2-3-
aromatic rings (naphthalene, acenaphthene, fluorene, phenanthrene, anthracene), 
characteristic for discharges, oil and oil product spills.  

A subunitary LMW/HMW ratio usually indicates pyrolytic pollution, while, in case of values 
higher than 1, it indicates the abundance of low molecular mass PAHs, characteristic for oil 
and oil products. Among PAHs, benzo[a]pyrene is often used as a marker for total exposure 
to carcinogenic PAHs, as its contribution of to the total carcinogenic potential is high. The % 
carcinogenic PAHs was calculated as the ratio of the carcinogenic ones (sum of 
benzo[a]pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, indeno(1,2,3-c,d)pyrene and 
chrysene) to the total PAHs concentration (sum of 13 PAHs). 

The total PAHs content in all tested samples ranged from 14 to 312 ng/l. A significant 
decreasing gradient from coastal areas to open sea was noticed and in general the Ukrainian 
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samples were the most polluted, as shown in the box plot of Figure B1 and Table A3 of the 
Annex 11.  

 

Figure V.4.3. PAHs (ng/l) in seawater samples from 
Ukrainian, Open Sea and Georgian area, May/ June 2016. 

 

The distribution of PAHs, presented in Figure V.4.3., indicates that HMW PAHs were hardly 
detected in Open Sea samples. Their occurrence in JOSS 25 sample, may be attributed to 
potential pollution diffusion from the closest Ukrainian sample (UA8). The coastal samples 
show a high total PAHs content; especially the samples most affected by Danube River (UA5 
& UA7) have a % of carcinogenic PAHs 2 -20 times higher than the rest of the tested samples. 

Phenanthrene and naphthalene were the most dominant compounds with an average 
distribution of 42% and 29 % of the total PAHs in all tested samples. 

Apart from the aforementioned 13 PAH compounds, three more compounds, namely Ethyl O-
(p-nitrophenyl) phenyl phosphonothionate, Musk xylene and Neodecanoic acid ethenyl ester, 
were determined in the same extracts with the same analytical method. All samples were 
below the LOD for each of the three contaminants (LODs: 0.24, 0.42 and 0.17 ng/l, 
respectively). 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Benzo(a)pyrene and Fluoranthene were detected in 12 and 5 samples in total, respectively, at 
concentrations higher than the recommended EQS, as shown in Table A3 of the Annex 11. 
Since Benzo(a)pyrene is considerd as a pollution marker for other PAHs, its contribution in 
seawater samples is depicted in Figure V.4.4., showing the samples in which the its detection 
exceeded the EQS, Moreover, high concentrations were determined for Benzo(g,h,i)perylene 
and Indeno(1,2,3-cd)pyrene, and in  some samples for Benzo(b)fluoranthene and 
Benzo(k)fluoranthene. Even the maximumum detected concentration of 
Benzo(b)fluoranthene and Benzo(k)fluoranthene, 6.1 and 6.3, respectively, are much lower 
than the respective MAC-EQS set at 17 ng/l. On the other hand, Benzo(g,h,i)perylene was 
detected in all tested areas in mean concentrations 11 to 32 times higher than the set MAC-
EQS value of 0.82 ng/l (Table A3 of the Annex 11). 
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Figure V.4.4. Benzo(a)pyrene (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/ June 2016. 
 

Risk assessment of pollution of the Black Sea by organic pollutants (Exceedance of PNECs) 

The PNEC values for pyrene and chrysene in algae were very low (Table D1 of the Annex 11). 
The RQ values of pyrene were greater than one in algae in sea water samples collected from 
Ukraine, Georgia and Open Sea  (Annex 11, Table D2). However, both pyrene and chrysene 
were out of the applicability domain of ToxTrAMS (Table D4 of the Annex 11), and additional 
experimental evidence is needed for the evaluation of their potential toxicity in the aquatic 
environment. Nevertheless, the results are alarming for the chemical status regarding the 
presence of PAHs in specific pollution “hot spots” in the Black Sea.  

V.4.1.3.1.4 Organochlorine pesticides (OCPs) and polychlorinated naphthalenes 
(PCNs) 

Twenty one OCPs and six PCNs were determined in the seawater samples, using the HLB disks 
extracts received from JRC. Seventeen OCPs and all tested PCNs were not detected. Their LODs 
and respective EQS are provided in Table V.4.4. 

Table V.4.4. LODs, LOQs and EQSs of the non-detected OCPs and PCNs. 

OCPs 
LOD/ LOQ 

(ng/l) 

2013/39/EC 
Directive EQS 

(ng/l) 

PCNs LOD/ 
LOQ 
(ng/l) 

2013/39/EC 
Directive 

EQS (ng/l) 

Aldrin 0.06/ 0.19 

5* 

1,5,9-Cyclododecatriene 0.03/ 0.09 - 

Dieldrin 0.10/ 0.32 Heptachloronaphthalene 0.09/ 0.29 - 

Endrin 0.16/ 0.47 Hexachloronaphthalene 0.08/ 0.24 - 

Isodrin 0.30/ 0.90 Pentachloronaphthalene 0.06/ 0.17 - 

Dichlorvos 0.40/ 1.20 0.05 Tetrachloronaphthalene 0.06/ 0.17 - 

Dicofol 0.32/ 0.96 0.032 Trichloronaphthalene 0.35/ 1.06 - 

Endosulfan 0.12/ 0.35 0.5    

Heptachlor 0.06/ 0.17 
0.00001** 

   

Heptachlor epoxide 0.05/ 0.16    

Hexabromocyclododec
ane 

1.0/ 3.0 0.8 
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OCPs 
LOD/ LOQ 

(ng/l) 

2013/39/EC 
Directive EQS 

(ng/l) 

PCNs LOD/ 
LOQ 
(ng/l) 

2013/39/EC 
Directive 

EQS (ng/l) 

para-para-DDT 0.11/ 0.32 10    

o-p-DDT 0.12/ 0.36 

25*** 

   

DDE 0.11/ 0.33    

DDD 0.10/ 0.31    

α-HCH 0.15/ 0.46 2****    

Pentabromoethylbenze
ne 

0.19/ 0.59 - 
   

Pentachloroanisole 0.09/ 0.27 -    

*expressed as sum of cyclodiene pesticides, **expressed as sum of Heptachlor and Heptachlor epoxide, 
***expressed as sum of para-para-DDT, o-p-DDT ,DDE and DDD, ****expressed as Hexachlorocyclohexane 
(hexachlorocyclohexane all isomers) 

 

β-HCH and δ-HCH could not be separated by the used analytical method, so the result is 
provided as the sum of these two compounds. These hexachlorocyclohexane isomers were 
the most highly concentrated OCPs and present a significant variation between open sea 
samples and coastal/shelf ones (Figure V.4.5.). The average concentrations of β-HCH and δ-
HCH are 0.16, 5.05 ad 5.18 for Open Sea, Ukrainian and Georgian samples, respectively. 
Pentachlorobenzene and γ-HCH were detected in all samples at concentrations between LOD 
and LOQ (0.54 and 0.23 ng/l, respectively). 

 
Figure V.4.5. OCPs (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/ June 2016. 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

The reported LODs for Dichlorvos, Dicofol, Heptachlor and Heptachlor epoxide were much 
higher than the recommended EQS, so these compounds may occur in the seawater samples, 
but their detection with the analytical method used was not feasible. The HCH isomers were 
detected in high frequency in the Ukrainian and Georgian samples at concentrations higher 
than the EQS (2 ng/l), while in JOSS samples the levels of detection were much lower than 2 
ng/l (Table A4 of the Annex 11). Pentachlorobenzene was reported <LOQ (0.54 ng/l) in all 
seawater samples, a concentration lower than the EQS (0.70 ng/l). The LOD of 
Hexabromocyclododecane hardly exceeded the EQS value (0.8 ng/l). 
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V.4.1.3.1.5 Chloroalkanes 

Chloroalkanes, C10-13 and C14-17 were analyzed in all seawater samples. Short Chain 
Chloroalkanes, C10-13 concentrations were lower than LOD (0.3 ng/l, EQS: 400 ng/l) in every 
analyzed sample. However, Medium Chain Chloroalkanes, C14-17 were detected in the three 
investigated areas, showing no specific trend (Figure V.4.6.). The results of analysis are 
reported as sum of Chloroalkanes, C14-17, and their concentration ranged from 1.88 to 16.5 
ng/l (Table A5 of the Annex 11). 

 
Figure V.4.6. Chloroalkanes, C14-17 (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/ June 2016. 

 

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. 

V.4.1.3.1.6 Metals (HM) and arsenic 

Metals and arsenic concentrations in seawater samples collected during May/June 2016, 
varied within the following ranges: <50-59 ng/l Cd, <20-310 ng/l Pb, 248-1461 ng/l Ni, 451-
1982 ng/l As, <100-388 ng/l Cr, <300-2025 ng/l Cu, 2281-32191 ng/l Zn and <50-250 ng/l Hg 
(Table A6 of the Annex 11). Zn, As and Ni were the most dominant metals in terms of 
concentration, whereas Cd and Hg were most frequently reported <LOQ (50 ng/l, both) (58% 
and 42% of all analyzed samples). The box plot in Figure B2 of the Annex 11, clearly depicts 
that Ukrainian samples are less contaminated by metals and As, while Georgian samples 
present a high variance in total elemental concentrations. 

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 (Figure V.4.7.). Elevated concentrations of 
total metals were determined in coastal and shelf sampling points close to Anaklia (GE 13 & 
15) and Batumi (GE 3), exceeding 25 μg/l. 
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Figure V.4.7. Metals (ng/l) in seawater samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Even in the most polluted samples, the detected concentrations of Cd, Pb and Ni, were much 
lower than the EQS values (200, 1300 and 8600 ng/l, respectively). Hg was detected above the 
MAC-EQS value of 70 ng/l, in 27% of the tested samples (UA2, JOSS1, 2, 13, 9, 10 & 11, GE9 & 
11).  

V.4.1.3.1.7 Organotin compounds 

Three butyltin compounds and three phenytin compounds were determined in seawater 
samples, after derivatization and simultaneous Liquid Liquid Extraction. The extracts were 
analyzed by GC-MS/MS and results show that the di-substituted compounds were detected in 
concentrations between LOD and LOQ with a detection frequency of 39% and 9% for dibutyltin 
and diphenyltin, respectively. The samples where dibutyltin was <LOQ were: UA 5, 7, 11, 12 & 
14, JOSS 1, GE 1, 4, 7, 12-15, while diphenyltin was detected at <LOQ levels in UA 8 & 13 and 
GE 8. Moreover, monobutyltin was detected in JOSS 2 sample at 2.64 ng/l, a concentration 
more than 10 times higher than the EQS (0.2 ng/l) for tributyltin compounds and in UA 7 <LOQ 
(2.1 ng/l). The other organotin compounds were <LOD in all samples (Table V.4.5.). In general, 
organotin compounds were detected only in 2 out of 10 analyzed Open Sea samples. 

Table V.4.5. LODs, LOQs and EQSs of Organotin compounds in seawater. 

Organotin 
compounds 

LOD/ LOQ (ng/l) 
2013/39/EC Directive 

EQS (ng/l) 
Organotin 

compounds 
LOD/ LOQ (ng/l) 

Monobutyltin 0.7/ 2.1 

0.2* 

Monophenyltin 0.38/ 1.14 

Dibutyltin 1.0/ 3.0 Diphenyltin 0.36/ 1.08 

Tributyltin 0.2/ 0.6 Triphenyltin 0.050/ 0.15 

*expressed as Tributyltin compounds (incuding Tributyltin- cation). 
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Assessment of chemical status according to the EQS Directive 2013/39/EU 

The LODs of monobutyltin and dibutyltin are higher than the EQS for tributyltin compounds 
(including tributyltin-cation) (Table V.4.5.), so the environmental quality of the seawater 
samples remains questionable. 

V.4.1.3.1.8 Phthalates 

The extracts of layered ‘mixed bed’ cartridges were analyzed by LC-HR-MS/MS and the 
chromatograms were screened for the probable detection of phthalates, including seven 
specific compounds. Phthalate-dimethyl and Phthalate-diethyl were determined with a high 
detection frequency of 70 and 85%, respectively (Figure V.4.8.). The distribution of dimethyl 
phthalate has a low standard deviation equal to 1.5 ng/l, in all tested samples, while the 
concentration levels of diethyl phthalate did not present any notable trend of distribution 
among the tested areas (Table A7 of the Annex 11). Di(2-ethylhexyl)phthalate (DEHP), di-n-
butyl phthalate and benzyl butyl phthalate were detected in some samples, but always at 
levels lower than their LOQs (165, 768 and 19 ng/l, respectively). 

 
Figure V.4.8 Phthalates (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/June 2016.  

Di-n-octyl phthalate and diphenyl phthalate  were always < 0.63 ng/l. 

 

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 39% of the analyzed 
samples, while in the 61% of the samples, it was detected at concentrations <LOQ (165 ng/l), 
which is almost one order of magnitude lower than the recommended EQS value (1300 ng/l). 

Risk assessment of pollution of the Black Sea by organic pollutants  

The calculated PNEC values were high and ranged between 0.3 μg/l for phthalate-Di-n-butyl 
in Pimephales promelas to 54.7 μg/l for phthalate-dimethyl in algae (Table D1 of the Annex 
11).  As a result, the calculated RQ values were lower than one, indicating no risk for the tested 
aquatic organisms (Annex 11, Table D2). 
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V.4.1.3.1.9 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 100% frequency of 
detection, at an average concentration of 5.1 (±1.4) ng/l (Table A8 of the Annex 11). 4-n-
nonylphenol (NP) was also detected in almost all samples, with a detection range of 15-145 
ng/l. An elevated median concentration of NP was detected in Georgian samples. 

Octylphenol ((4-(1,1’,3, 3’-tetramethyl-butyl)-phenol)) was detected in almost all Open Sea 
and Georgian samples at <LOQ (33 ng/l) concentration levels (Figure V.4.9.). Bisphenol A 
(BPA), LOD at 6.72 ng/l, was detected in two JOSS and one GE sample, at the following 
concentrations: 820 ng/l in JOSS 19, 468 ng/l in JOSS 11 and 541 ng/l in GE 1 (BPA is not 
included in Figure V.4.9.). GE1 sample, is the sampling point closest to Gonio, while JOSS 11 
was withdrawn close to GE1. The detection of BPA in these two samples (JOSS 11 and GE1), 
may be attributed to pollution diffusion from Gonio to Open Sea. 

 
Figure V.4.9 Phenols (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/June 2016. 

Apart from the detected phenols, six more related compounds (Pentachlorophenol, 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) 
were screened but not detected with a SDL equal to 0.63 ng/l. 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Pentachlorophenol with an EQS of 400 ng/l, was always <0.63 ng/l. Even the maximum 
observed concentration of NP (145 ng/l) was below the EQS value (300 ng/l). On the contrary, 
octylphenol has a 78% frequency of detection at concentration levels above LOD, and lower 
than LOQ (33 ng/l) , which is almost 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. 

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 D1 of the Annex 11). 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, 0.3 and 0.4 
concerning the fish organism, Pimephales promelas (Annex 11, Table D2), based on the 
maximum value detected in Georgian and Open Sea samples, respectively. Due to the higher 
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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. 

V.4.1.3.1.10 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.4.6. 

The results show that the higher values were detected in coastal and shelf seawater samples 
of Ukraine and Georgia, reaching even 41 times 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.4.6. No. of detected ECs and their total detected concentration. 

Seawater 
Sample 

No. of detected 
ECs 

Total ECs (ng/l) Seawater Sample 
No. of detected 

ECs 
Total ECs 

(ng/l) 

UA 2 32 1355 JOSS 10 13 99 

UA 5 68 3575 JOSS 11 17 129 

UA 7 94 1550 GE  1 26 151 

UA 8 35 750 GE  2 20 89 

UA 11 25 275 GE  3 16 145 

UA 12 25 1590 GE  4 17 161 

UA 13 14 111 GE  5 21 187 

UA 14 18 97 GE  7 21 104 

UA 15 17 76 GE  8 19 121 

JOSS 25 25 237 GE  9 22 306 

JOSS 23 14 139 GE  10 19 138 

JOSS 1 17 147 GE  11 17 128 

JOSS 2 13 137 GE  12 20 90 

JOSS 19 14 86 GE  13 23 2215 

JOSS 16 12 843 GE  14 27 657 

JOSS 13 12 136 GE  15 24 1554 

JOSS 9 13 115    

 
The distribution of each class of ECs in the total pollution of the three tested areas, is depicted 
in Figure V.4.10. The coastal and shelf Black Sea samples are dominated by the presence of 
two naturally occurring compounds (adenosine and 2-phenethylamine), while 25% of the 
pollution (ng/l) is attributed to industrial chemicals. The inputs of pharmaceuticals, PCPs, 
stimulants, pesticides and pesticides TPs is also significant. The % contribution of sweeteners 
remained almost the same, regardless of the area under investigation. In the Open Sea 
samples, no detection of naturally occurring compounds was observed and Industrial 
chemicals were the main class of pollutants. 
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Fig V.4.10. The distribution of the detected classes of ECPs in seawater samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

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 (Figure 
V.4.11.). 

 
 

Figure V.4.11. Emerging Contaminants (ng/l) in seawater samples from 

Ukrainian, Open Sea and Georgian area, May/June 2016. 
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Naturally occurring compounds 

Two naturally occurring compounds (adenosine and  2-phenethylamine) were detected in the 
samples of Ukraine and Georgia seawater sampling areas. The most predominant one was 
adenosine with concentrations ranging from 538 to 2900 ng/l and from 43 to 1455 ng/l, in 
Ukrainian and Georgian samples, respectively. 2-Phenethylamine was detected only in three 
Ukrainian samples, two of which were taken close to Danube estuar. 

Drugs of abuse 

Cathine was detected in three Ukrainian samples and GE3, reaching a maximum concentration 
of 6.8 ng/l, while no detection occurred in JOSS samples. 

Psychotropic licit drugs 

UA7 was the most contaminated sample due to psychotropic licit drugs. Four compounds, 
namely amisulpiride, diazepam, sulpiride and tiapride, were detected with total 
concentrations up to 7.3 ng/l. 

Stimulants 

Stimulants (Caffeine, Nicotine, Theobromine and Theophylline) were detected at high 
frequency in the coastal samples. Their total concentration range were as follows: 28-219 ng/l 
Ukrainian samples, 4.9-79.9 ng/l Georgian samples. 4.39 ng/l of Nicotine were detected in one 
Open Sea sample (JOSS1). Overall, among the four detected stimulants, caffeine was the most 
abundant, with a maximum of concentration at 51.7 ng/l at GE3. 

Industrial chemicals 

Twelve industrial chemicals were detected in total (Benzenesulfonamide, Benzothiazole, 2-
OH-Benzothiazole, 1-H-Benzotriazole, 1-OH-Benzotriazole, Didecyldimethylammonium, 
Melamine, Phosphate-triethyl, Phosphate-Triphenyl, Toluenesulfonamide, Tolytriazole and 
Tributylamine). The majority of the compounds detected belong to the classes of 
benzotriazoles and benzothiazoles, whereas benzenesulfonamide and toluenesulfonamide 
showed a 100% detection frequency with concentration ranges of 13.5-40.6 and 17.0-48.5 
ng/l, respectively. The presence of industrial chemicals is significant in GE13, close to Anaklia, 
with a total concentration up to 696 ng/l (sum of Benzenesulfonamide, Benzothiazole, 2-OH-
Benzothiazole, Toluenesulfonamide and Tributylamine). 

Sweeteners 

UA7 was again the sample with the highest frequency of detection. Acesulfame, cyclamic acid, 
saccharine and sucralose were detected with a total concentration of 262 ng/l. Cyclamic acid 
was in general the most abundant sweetener (128 ng/l at UA7), while acesulfame was 
detected in all samples within the following ranges: <6.0-85.8 ng/l in Ukrainian samples, <6.0-
12.2 ng/l in JOSS samples and 6.3-18.1 ng/l in Georgian samples. 

Pesticides 

A number of 30 pesticides (Table D1 of the Annex 11) were detected in the analyzed seawater 
samples. Carbendazim, Chloridazone, Prometryn and Propazine were detected in every 
sample with a median concentration of <1.28 (LOQ), 1.2, 2.3 and 2.8 ng/l, respectively. Only 
three (Ametryn, Carboxin and Propoxur) out of the thirty pesticides that were detected in 
Black Sea seawater samples, were not detected in UA 7, the most polluted sample (317 ng/l 
of total pesticides). 

Pesticides TPs 

Metolachlor presented a high detection frequency, especially in the Ukrainian samples (78%), 
and in parallel, one of its TP, Metolachlor-ESA, was the pesticide TP with the highest detected 
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concentration (94.4 ng/l in UA7). Seven detected pesticides TPs (Table D1 of the Annex 11), 
were detected only in the Ukrainian area, except for hydroxy-atrazine with a 100% frequency 
of detection at <LOQ (12.6 ng/l) levels. By comparing the detected pesticides and the pesticide 
TPs, the following pairs were noticed: Chloridazone and Chloridazone-methyl-desphenyl, 
Metolachlor and Metolachlor-ESA, Terbutylazine and Terbutylazine-desethyl and Thiacloprid 
and Thiacloprid-amide. 

Pharmaceuticals & PCPs 

The highest measured concentration of total pharmaceuticals and PCPs were noticed in the 
Ukrainian samples, and especially at UA7 and UA5 (275 and 79 ng/l). Twenty seven 
compounds in total were determined, among which metformin was the most abundant (122 
ng/l in UA7). Pindolol presented a high detection frequency (51%) at a median concentration 
of 1.4 ng/l. 

Transformation products of pharmaceuticals and related compounds 

Fourteen TPs were detected in total. Cotinine and Lidocaine-N-oxide were the most frequently 
detected and the ones with the observed maximum concentration (around 10 ng/l).  UA7 
sample, close to the Danube estuary, was the most polluted sample, since thirteen TPs were 
detected and their total concentration was 74.9 ng/l. The detected pairs of TPs along with 
their parent compounds were the following: Metoprolol and Atenolol acid, Carbamazepine 
and 10-Hydroxy-Carbamazepine / Carbamazepine-10.11-epoxide, Clopidogrel and Clopidogrel 
Carbon acid, Nicotine and Cotinine/ Hydroxy Cotinine, Lidocaine and Lidocaine-N-oxide, 
Sulfamethoxazole and Sulfamethoxazole-N4-Acetyl, Tramadol and O-Desmethyl-Tramadol / 
O-desmethyl nortramadol, Venlafaxine and N-Desmethyl-Venlafaxine / O-Desmethyl-
Venlafaxine. The specific detected ECs are listed in the “Risk assessment” section (Table D1 of 
the Annex 11). 

Risk assessment of pollution of the Black Sea by organic pollutants (Exceedance of PNECs) 

Very low PNECs were estimated for Telmisartan, Terbuthylazine, Terbuthylazine desethyl and 
Valsartan (Table D1 of the Annex 11). The aforementioned compounds as well as Adenosine 
provided RQs higher than one in algae. Valsartan RQs were above one in all investigated areas 
of the Black Sea, while adenosine RQs were above one in Ukrainian and Georgian areas. RQs 
of Telmisartan, Terbuthylazine and Terbuthylazine desethyl were higher than one only in 
Ukrainian samples. Adenosine and Telmisartan are outside of the applicability domain of 
ToxTrAMS models, as it is presented in Table D4 of the Annex 11. 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 D2 of the Annex 11. 

V.4.1.3.1.11 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 (Figure V.4.12.). 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 from 0.38 ng/l (minimum total OCPs in GE 13) to 35 μg/l (maximum 
total metals in GE 15), 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 
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this maximum value within the class. So, if a sample was the most polluted one in all the 
reported classes of pollutants (17 in total), its normalized pollution would be 1700 (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.4.7. 
Chloalkanes C14-17 were detected in some seawater samples. Since they are reported as a 
sum of compounds,  their detection was considered as “one compound”. 

 

Figure V.4.12 Normalized pollution cumulative chart for seawater samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

 

The Ukrainian samples closest to the Danube estuary (UA 5 & 7) were by far the most polluted 
ones. The maximum number of pollutants (129 in total) and the maximum sum of normalized 
pollution (1080) were noticed in UA 7 sample. UA 8 was sampled close to UA 5 and UA 7, but 
further away from the coast. Both the number of detected compounds and the % pollution 
seem to gradually decrease from the Danube estuary to the Open Sea. The seawater samples 
close to Anaklia (GE 13-15) presented also a high level of pollution and an elevated number of 
total detected compounds. The less polluted sample was UA 13 (both total number of 
pollutants and total pollution), taken close to Dnieper estuary. 
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Table V.4.7. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total 

concentration (ng/l) 
Sample with maximum 

concentration 

Pesticides 333 UA 7 

PAHs 312 UA 5 

Metals 35145 GE 15 

Chloroalkanes 17 JOSS 10 

OCPs 17 GE 12 

Phthalates 824 JOSS 11 

Phenols 899 JOSS 19 

PFCs 2.7 JOSS 9 

Organotins 2.6 JOSS 2 

Drugs of abuse 6.8 UA 7 

TPs of Pharmaceuticals & related compounds 75 UA 7 

Industrial chemicals 1462 UA 12 

Naturally occuring compounds 2914 UA 5 

Pesticides TPs 171 UA 7 

Pharmaceuticals & PCPs 275 UA 7 

Psychotropic drugs 7.3 UA 7 

Stimulants 219 UA 7 

Sweeteners 262 UA 7 

 

The spatial contribution of the pollutants detected in seawater samples is presented in Figure 
D1 of the Annex 11.  

Risk assessment of pollution of the Black Sea by organic pollutants  
The PNECs of the no-regulated contaminants detected in this survey, are presented in Table D1 of the 
Annex 11. EQS are not yet established for ECs. However, some ECs (e.g. Terbuthylazine, Terbuthylazine 
desethyl, Valsartan) showed RQs higher than one, implying the need for more systematic monitoring. 
Additional experimental data regarding the environmentally relevant concentrations of these ECs 
seems to be urgent, as it affects the calculation of RQs. The detection of desethyl-terbuthylazine, a 
transformation product of terbuthylazine, with RQ >1, emphasizes the need for monitoring TPs with 
wide-scope screening techniques. TPs need to be included in risk assessment studies, as the 
transformation of the parent compound does not necessarily  imply attenuation of their 
ecotoxicological risks. 

 

V.4.1.3.2 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, nineteen 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 
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and the results of analysis per class of pollutants are presented below. UA15 new and old 
samples refer to the same sampling station, but different fractions. 

V.4.1.3.2.1 Polyaromatic hydrocarbons (PAHs) 

The distribution of PAHs in the sediments of the three tested areas, presented a trend of lower 
pollution in Open Sea samples, compared to the coastal ones (Figure V.4.13.). The same trend 
in PAHs concentration was also observed in the seawater samples (see PAHs, page 10). 
Ukrainian samples concentrations reached up to 546 μg/kg, while Georgian and Open Sea 
sediments maximum concentrations were 203 and 97 μg/kg, respectively. Moreover, the new 
fraction sample collected at UA 15 compared to the old fraction, presented 30% lower total 
PAHs content. 

The % carcinogenic PAHs in sediments 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 and chrysene) to the total PAHs concentration (sum of 14 PAHs). The 
% carcinogenic PAHs are elevated in most of the Georgian samples. 

 

Figure V.4.13 PAHs (μg/kg) in sediment samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

The contribution of 4 ringed-PAHs to the total PAHs pollution, seems significant, so the results 
per specific compound are presented in Table B1 of the Annex 11. Fluoranthene, Pyrene and 
Phenanthrene contributed significantly had a crucial distribution to the total PAHs content, 
with maximum concentrations up to 108, 134 and 59 μg/kg, respectively. 

V.4.1.3.2.2 Organochlorine pesticides (OCPs) 

Nine OCPs in total were detected in the sediment samples of the tested areas. Although total 
OCPs concentrations varied from 0.15 to 24.4 μg/kg, their sum concentration in UA 7 
exceeded 165 μg/kg (Figure V.4.14.).  This extreme value is contributed to mainly by four OCPs 
(para-para-DDT, o-p-DDT, β-HCH and γ-HCH), which were detected only in this unique sample 
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and by DDD, whose concentration was more than 6 times higher compared to the other 
samples (a second panel was created in Figure V.4.14, to show this extreme value). 

DDD was the OCP with the highest frequency of detection, within the following ranges (LOQ 
0.30 μg/kg): <0.30-159 μg/kg in Ukrainian samples, 0.30-4.1 μg/kg in Open Sea samples and 
<0.30-3.6 in Georgian samples. DDE was detected in a maximum concentration of 1.54 μg/kg 
in UA 1, while Hexachlorobenzene at 3.4 μg/kg in UA 7. 

 

 

Figure V.4.14. OCPs (μg/kg) in sediment samples from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

 

The LODs of the screened OCPs are listed in Table V.4.8. 

Table V.4.8. LODs and LOQs of the screened OCPs in sediments. 

OCPs LOD/ LOQ (μg/kg) 

Aldrin, para-para-DDT, o-p-DDT & γ-HCH 0.20/ 0.60 

Dieldrin, Endrin, Isodrin, Dichlorvos & Hexabromocyclododecane 1.00/ 3.00 

DDE 0.06/ 0.18 

DDD 0.10/ 0.30 

α-HCH, Sum of β-HCH and δ-HCH & Hexachlorobenzene 0.30/ 0.90 

V.4.1.3.2.3 Brominated diphenyl ethers (BDEs) 

Six PBDEs (BDE 28, 47, 99, 100, 153 &154) were screened in the sediments after GC-MS/MS analysis. 
PBDEs were <LOD (0.10 μg/kg) in all analyzed sediments.  

V.4.1.3.2.4 Heavy Metals (HM) and arsenic 

Elevated HM and As concentrations at mg/kg levels were found in sediment samples. Both 
Georgian and Ukrainian sediments showed high content of metals and arsenic. The box plot 
of total elemental distribution is depicted in Figure B3 of the Annex 11. The most 
contaminated samples per area were UA 7 (452 mg/Kg), JOSS 12 (210 mg/Kg) and GE 2 (451 
mg/Kg), as shown in Figure V.4.15.  
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Figure V.4.15 Heavy Metals and Arsenic (mg/Kg) in sediment samples from  
Ukrainian, Open Sea and Georgian area, May/June 2016. 

No significant variation in the concentration of any of the tested elements was observed 
between UA15 new and old fraction. Zn and Cu were the most abundant metals, while the 
detected concentrations of Cd were very low (not visible in the figure). The results of every 
element per tested area are listed in Table B2 of the Appendix. 

V.4.1.3.2.5 Organotin compounds 

Dibutyltin, Tributyltin, Monophenyltin and Triphenyltin were always detected at <LOQ (6.98, 
4.34, 5.00 and 5.11 μg/kg, respectively) levels in all analyzed samples. Monobutyltin was 
detected at 83.9 μg/kg in UA 6 and at 252 μg/kg in UA 12. Diphenyltin was detected at <LOQ 
(15.3 μg/kg) in UA 6 and at 21.7 μg/kg in UA 11. Thus, UA 6 was the sample with the highest 
organotins frequency detection and UA 12 the most polluted in terms of concentration levels 
(in μg/kg). Organotins were not detected in neither JOSS nor Georgian samples. 

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. 

V.4.1.3.2.6 Phenols 

DNP which was the most frequently detected phenol in seawater samples, was detected only 
in UA 15 old sample at a concentration of 29.4 μg/kg, while octylphenol presented a 74% 
frequency of detection at <LOQ (667 μg/kg) levels; it was not detected in UA 1, 12 & 15 old, 
JOSS 12 and GE 8. 4-n-Nonylphenol di-ethoxylate (NPE2EO) was determined always at <LOQ 
(52.8 μg/kg) levels, except from samples UA 6 and GE 2, with a concentration level of 55.2 and 
80.7 μg/kg. 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 and Tetrabromobisphenol A 
(TBBP-A)) is 5 μg/kg. 
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V.4.1.3.2.7 Emerging Contaminants 

Numerous ECs were also detected in sediment samples. The number of detected compounds 
and the total concentration of ECs’ are listed in Table V.4.9. No detection of any EC was noticed 
in JOSS 21, 3, 16 & 13 samples, while the only contaminant that was detected in JOSS 12, was 
Chlorfenvinphos, at a concentration level of 2.9 μg/kg. 

The results show that the higher concentrations were found in the Ukrainian samples, 
reaching a maximum of 2.1 mg/Kg in UA 11. UA 11 and UA 12 were both sampled close to the 
Tendra spit. Considering the high ECs content in sediment samples compared to other priority 
substances, monitoring of these compounds seems essential. 

Table V.4.9 No. of detected ECs and their total detected concentrations. 

Sediment Sample No. of detected ECs Total ECs (μg/kg) 
Sediment 
Sample 

No. of 
detected ECs 

Total ECs 
(μg/kg) 

UA 1 11 474 JOSS 12 1 2.9 

UA 5 13 1860 GE  1 4 480 

UA 6 11 857 GE  2 4 383 

UA 7 5 5.2 GE  3 4 104 

UA 11 8 2138 GE  8 3 205 

UA 12 11 1024 GE  11 1 2.1 

UA 15 new 13 1097 GE  14 3 12 

UA 15 old 8 1674    

The distribution of each class of ECs in the total pollution of the Ukrainian and Georgian 
sediment samples, is depicted in Figure V.4.16. The Ukrainian sediments are dominated by the 
presence of naturally occurring compounds (2-Phenethylamine, Tyramine and Progesterone), 
while stimulants (Caffeine, Theobromine and Theophylline) and naturally occurring 
compounds almost share the % pollution in Georgian samples. The inputs of pharmaceuticals 
and industrial chemicals play also an important role.  

 
 

Figure V.4.16. The distribution of the detected classes of ECPs in sediments from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 

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 (Figure 
V.4.17). 
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Figure V.4.17 Emerging Contaminants (μg/kg) in sediment samples from 

Ukrainian, Open Sea and Georgian area, May/June 2016. 

 

Naturally occurring compounds & Steroids 

Naturally occurring compounds & steroids (2-Phenethylamine, Tyramine and Progesterone) 
were mainly detected in the samples of Ukraine with a total maximum of concentration in UA 
11 (2045 μg/kg). Their concentration in UA 15 old was 1.6 times higher than this detected in 
the new fraction. Tyramine was the most frequently detected compound of this class, with 
71% of detection in Georgian and Ukrainian samples. 2-Phenethylamine was detected in 
Ukrainian samples in both seawater and sediment samples. 

Psychotropic drugs 

Levomepromazine was the only psychotropic drug detected at 25.8 μg/kg in UA 1 sample. 

Stimulants 

Three samples were affected by the presence of stimulants (Caffeine, Theobromine and 
Theophylline) at a total concentration range of 113-373 μg/kg. The most abundant stimulant 
was Caffeine presenting a maximum content of 316 μg/kg. The maximum number (three) and 
total concentration of stimulants were detected in GE 2 (373.3 μg/kg).  Caffeine and 
Theophylline were also detected in Georgian seawater samples. 

Industrial chemicals 

UA 15 new and UA 1 were the most contaminated samples by industrial chemicals, with a 
total concentration up to 19 and 16 μg/kg, respectively. Tributylamine was the most 
frequently detected compound in both coastal areas of Black Sea. Benzotriazole, 
Didecyldimethylammonium and Tributylamine, were also detected in Ukrainian and Georgian 
seawater samples. 

Pesticides 

Five pesticides (Ametryn, Azoxystrobin, Carbendazim, Chlorfenvinphos and Prometryn) in 
total were detected in sediments of the Black Sea. 5.0 μg/kg of pesticides was the total 
maximum concentration detected in UA 5. Although their detection frequency was in general 
low in sediments and their distribution did not show any specific trend, UA 5 and 7, sampled 
close to the Danube estuary, seem to be the most polluted samples. All detected pesticides 
(Ametryn, Azoxystrobin, Carbendazim, Chlorfenvinphos and Prometryn) were detected in 
both seawater samples and sediments. 
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Pharmaceuticals 

Pharmaceuticals were detected in the Ukrainian samples. Apophedrin was the most 
frequently detected compound in Ukrainian and Georgian samples (62% detection frequency). 
UA 5 old presented the maximum total pharmaceuticals concentration which reached up to 
194 μg/kg (Prometryn and Oxprenolol). A 23% decrease in pharmaceuticals concentration was 
observed when comparing UA 15 old and new fraction samples (164 and 123 μg/kg, 
respectively). None of the detected compounds (Apophedrin, Levetiracetam, Oxfendazole, 
Oxprenolol and Salicylamide) was detected in seawater samples. 

Transformation products (TPs) 

TPs of pharmaceuticals were detected only in Ukrainian samples. Levomepromazine-sulfoxide 
was detected at a concentration of 47 μg/kg in UA 1. In the same sample, its parent compound 
(Levomepromazine) was also detected at 25.8 μg/kg. Hydroxy cotinine was detected in 75% 
of the analyzed Georgian sediments. Both N-isopropyl-salicylamide and its parent compound 
(salicylamide) were detected in UA 1 sample at 1.7 and 3.6 μg/kg.  

The risk assessment for the specific ECs that were detected in sediments, but not in seawater 
samples are listed in Table D1 of the Annex 11. 

V.4.1.3.2.8 Overall pollution 

The cumulative graph of sediment pollution burden, including priority substances and ECs, is 
presented in Figure V.4.18. 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 (12 in total), its normalized pollution would be 1200 
(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.4.10. 

 

Figure V.4.18. Normalized pollution cumulative chart for sediments from 
Ukrainian, Open Sea and Georgian area, May/June 2016. 
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The Ukrainian samples were by far the most polluted. The maximum number of pollutants (40 
in total) and the maximum normalized pollution (509) were noticed in UA 6 and 5, 
respectively. 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. UA 7 
& 5 are the most polluted sampling points, close to the Danube estuary, taking into 
consideration the results of analysis of both seawater and sediment samples. 

Table V.4.10. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total 

concentration (μg/kg) 
Sample with maximum 

concentration 

Pesticides 5.0 UA 5 

PAHs 546 UA 1 

Metals 452046 UA 7 

OCPs 167 UA 7 

Phenols 414 GE 2 

Organotins 252 UA 12 

Transformation Products of ECs 48 UA 1 

Industrial chemicals 19 UA 15 new  

Naturally occurring compounds & Steroids 2045 UA 11 

Pharmaceuticals 194 UA 5 

Psychotropic drugs 26 UA 1 

Stimulants 373 GE 2 

In order to visualize the pollution, the spatial contribution of the pollutants is presented in 
Figure D2 of the Annex 11.  

V.4.2 Suspect and non-target screening of Black Sea 
pollutants in water and sediments by LC-HR-MS and GC-(HR)-
MS techniques 

V.4.2.1 Samples 

All EMBLAS-II survey samples (55 seawater samples and 19 sediment samples) were analyzed 
by LC-QToF-MS and processed through non-target screening workflow, presented in Figure A1 
of the Annex 11. Seawater extracts injected in LC-QToFMS passed through SPE sampling 
preparation protocol (Table 1), while JRC seawater extracts were injected in GC-EI-MS and GC-
APCI-QToFMS. Therefore, twenty two additional samples, compared to those analyzed 
through target screening methods, were screened based on the non-target screening 
workflow for digital freezing purposes (archiving full-scan mass chromatograms), which 
offered a possibility for their retrospective analysis. 

The methods used for Instrumental Analysis and Data Tratment are included in Part A2 of the 
Annex 11. 
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V.4.2.2 Results and discussion 

Summary of components, annotations and identifications 

Pre-processing resulted in 15,512 components in positive and 4,928 components in negative 
ionization. The range of components for tested area, range of possible annotations from 
NORMAN SusDat and range of confirmed identifications are summarized in Table V.4.11. for 
LC-HRMS and GC-EI-MS analysis and in Table V.4.12. for GC-HRMS analysis. In the end, data 
were obtained by the non-target analysis using LC-ESI(+/-)-HRMS and GC-APCI(+)-HRMS). The 
results obtained through GC-APCI(-)-HRMS analysis were not sufficiently abundant and 
therefore not reported. Confirmation of the annotations is still an on-going process and 
therefore more identifications are expected in the near future.  

Table V.4.11. LC-HRMS components, possible annotations and identifications per sampling 
station and GC-EI-MS identifications. 

 

Tested Area 
Range of components 
(Positive;Negative ESI) 

Range of possible 
Annotations 

(Positive;Negative ESI) 

Range of 
dentifications 
(Level 3 and 

above)* 

Range of GC-
EI-MS 

Identifications 

S
ea

w
at

er
 

Georgian Samples 3164-5292;1409-2331 419-708; 242-351 6-23 1-5 

Open Sea Samples 3393-5617; 1774-2952 566-841; 273-575 4-25 0-5 

Ukrainian Samples 2250-4185; 1408-2120 370-671; 222-376 7-16 1-4 

S
ed

im
en

ts
 

Georgian Samples 2756-3762; 601-845 275-309; 45-97 15-31 1-3 

Open Sea Samples 3123-4033; 636-806 316-383; 48-97 13-34 2-3 

Ukrainian Samples 3306-4923; 643-1049 362-669; 69-185 20-34 0-3 

 

Table V.4.12. GC-HRMS components and possible annotations per sampling station. 

 Tested Area 
Number of components (Positive 

APCI) 
Possible Annotations (Positive 

APCI) 

Seawater 
Georgian Samples 4423-8304 1481-2799 

Ukrainian Samples 5827-8399 2052-3237 

Sediment 

Georgian Samples 4202-7345 792-2716 

Open Sea Samples 4169-6845 1467-2445 

Ukrainian Samples 3684-7224 1422-2541 

 

Identification and spatial distribution of non-targets 

Successful non-target identifications are summarized in four groups: 

1. surfactants, including polyethylenoglycols, carbon10-polyethylenoglycols and Bis(2-
2butoxyethoxy)ethyl)adipate and ,  linear alkylbenzene sulfonates (group of LAS) 

2.  phosphates, including triethyl phosphate and tributyl phosphate  

3. compounds linked to oil pollution, Decanamide, Avobenzone and p-
Hydroxybenzaldehyde  were detected in sediments 

4. and industrial chemicals, including N-Butyl benzenesulfonamide, Tetradecylamine, 4-
Indolecarbaldehyde, Nitroanisole, Trichloroacetic acid, Salicylamide and Panthenol. 

Tentative identifications derived from LC-HRMS analysis, and samples in which compounds 
were detected, are described in detail in Part E of the Annex 11, for seawater and sediments 
samples. 
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Investigation of pollution sources 

Large variability was observed among seawater samples compared to sediment samples. 
Therefore, special attention has been given to these samples to investigate pollution hotspots 
and patterns. The first question addressed from non-target screening was the investigation of 
the “probable most heavily polluted” samples. To answer this question, normalized sum 
intensity of all the components per each sampling station was considered. Normalization was 
based on the intensity of internal standards (Atrazine-D5 for positive ionization and Flunixine-
D3 for negative ionization). Results of this analysis can be found in Figure V.4.19. 

 
Figure V.4.19. Normalized total intensity per sampling site for positive ionization LC-HRMS 
(blue color), negative ionization LC-HRMS (orange color) and sum of the analysis by both 

polarities (grey color). 

As depicted in Figure V.4.19., the “most polluted” sampling sites seem to be UA 1 (near 
Odessa), GE 11 (near the city of Poti and Rioni river) and JOSS 12 (the sampling site between 
Turkey and Crimea). These findings led to the conclusion that Rioni river (although small 
comparing to other rivers, such as Danube) may contribute significantly to the pollution of the 
Black Sea. UA 1 site is affected by input from land (city of Odessa), shipping activity and may 
also be affected by the three major rivers (Dniester, Dnieper and Danube). JOSS 12 as the third 
“probably most polluted” seawater sample was an unexpected result. This station may be 
influenced by shipping activity and probable currents that may circulate the pollution. This is 
also supported by the fact that rest of JOSS samples do not look “less contaminated” in terms 
of number of compounds and total intensity when compared with the other sampling sites. 

Non-target screening resulted in finding approximately 20,000 components. Preesentation of 
the components at a map of the Black Sea in an interactive way (www.norman-data.eu/BS) 
was of a great help at identification of the potential sources of pollution. Some components 
were result of many different factors and no clear conclusion could be drawn. However, there 
are components that demonstrate clear pollution trends. The initial hypothesis that the 
Danube River is one of the major pollution hotspots of the Black Sea is supplemented with 
new findings through this analysis which unequivocaly excludes contribution from additional 
significant pollution sources. A pollution link between the Danube and the Black Sea was 
studied in more detail using non-target screening data from the Joint Danube Survey 3 
organised by the ICPDR in 2013 [8]). 

http://www.norman-data.eu/BS
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Figure V.4.20. a) Map of the NPMS UA sampling stations, b) simulated distribution of 

concentrations of Valtarsan - the higher intensity of red colour, the higher the concentration. 

 

Components with continuously decreasing response in space were investigated. Spatial 
generalized additive model (GAMs) was used to predict the response near the sampling 
stations. Out of the 20,000 components, 633 were found to comply with the prioritization rule 
of decreasing response in space. 30 out of these 633 compounds (26 at level 1 from target 
screening, 5 at level 3) were confirmed (Table V.4.13.). As an example, a simulated distribution 
of the concentrations of the pharmaceutical Valsartan can be found in Figure V.4.20. 

 

Table V.4.13. Substances from the Danube River that enter the Black Sea. 

Name 
Detection in 

sampling stations 
Identificatio

n Level 
Name 

Detection in 
sampling stations 

Identificatio
n Level 

Metolachlor 
UA03-

UA15,JOSS23-25 
1 Valsartan 

UA03,UA05-UA07, 
JOSS23 

1 

Metolachlor-ESA 
UA03-UA08, 

JOSS24-JOSS25 1 Carbendazim 
UA01,UA03-

UA15,JOSS23-
JOSS25 

1 

4-Acetamidoantipyrin 
UA01-UA15, 

JOSS23-JOSS25 1 Sulfamethoxazole 
UA01-UA10,UA12-

UA15, JOSS23-
JOSS25 

1 

4-
Formylaminoantipyrine 

UA01-UA09,UA11-
UA15, JOSS24-

JOSS25 
1 Lamotrigine 

UA02-UA08, UA11-
UA12, JOSS24-

JOSS25 
1 

Benzotriazole (BTR) 
UA03-

UA09,UA11,UA13,
UA15,JOSS25 

1 Amantadine 
UA01-UA15, JOSS24-

JOSS25 1 

Cotinine 
UA01-

UA12,UA14,UA15,J
OSS23-JOSS25 

1 Tebuconazole 
UA01-UA11, UA13-

UA15, JOSS24-
JOSS25 

1 

cotinine-Hydroxy 
UA02-UA07,UA10-

UA14 
1 Azoxystrobin 

UA03-UA11, UA14, 
JOSS24 

1 

Metformin 
UA02-UA07,UA14 

1 Chlorotoluron 
UA02-UA09, UA11-

UA12, UA14, 
JOSS24-JOSS25 

1 
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Name 
Detection in 

sampling stations 
Identificatio

n Level 
Name 

Detection in 
sampling stations 

Identificatio
n Level 

Carbamazepine 
UA01-

UA15,JOSS23-
JOSS25 

1 Diuron 
UA02-UA07, UA09-

UA14, JOSS23, 
JOSS25 

1 

Dimethenamide 
UA03,UA05-

UA07,JOSS24 
1 Imazalil 

UA03-UA12 
1 

Atenolol acid 
(Metoprolol acid) 

UA03-
UA07,JOSS25 

1 
Benzotriazole 4- 

or 5-Me 
UA05-UA07 

3 

Metoprolol 
UA04-UA07 

1 Telmisartan 
UA01-UA15, JOSS24, 

JOSS25 
3 

Tiapride 
UA04-

UA08,JOSS24 
1 Methfuroxam 

UA01-04,UA08-UA15, 
JOSS23-JOSS25 

3 

Sulpiride 
UA03-

UA07,JOSS25 
1 Pramipexole 

UA03,UA07,UA15 
3 

Chloridazone-methyl-
desphenyl 

UA02-
UA08,UA10,UA13,J

OSS23, JOSS25 
1 

Dimethachlor-
ESA 

UA01-UA15, JOSS23-
JOSS25 3 

Lidocaine UA03-UA07 1    

 

Risk assessment of pollution of the Black Sea by organic pollutants from non-target 
analysis 

In the Table D3 of the Annex 11, the calculated PNEC values of the identified compounds by 
non-target screening are provided. The corresponding figures of the applicability domain are 
illustrated in Annex 11 (Figures C4-6). 
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VI.1 Metals, polyaromatic hydrocarbons, total petroleum 
hydrocarbons, chlorinated pesticides and PCBs in biota 

Y. Denga1, Y. Oleynik1, K. Hushchyna1, A. Korshenko2, N. Lukyanova6, A. Kochetkov6, D. Samsonov6, N. 
Machitadze3, V. Medinets4, V. Chasovnikov5 

 
1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 
2 State Oceanographic Institute (SOI), Moscow, Russian Federation 
3 Tbilisi State University (TSU), Tbiisi, Georgia 
4 Odesa National University (ONU), Odesa, Ukraine 
5 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation 
6 RPA “Typhoon”, Obninsk, Russian Federation 

VI.1.1 Introduction  

Within the scope of the Marine Strategy Framework Directive, presence of hazardous 
substances in biota represent relevant criteria and indicators under Descriptor 8 
(“Concentrations of contaminants are at levels not giving rise to pollution effects”) and 9 
(“Contaminants in fish and other seafood for human consumption do not exceed levels 
established by Community legislation or other relevant standards”). In this regard Member 
States are required to take into account relevant existing environmental targets. 

Thus limits have been considered based on OSPAR methodology and EU legislation concerning 
concentrations in relevant foodstuffs: (EC) no. 1881/2006 updated by Commission Regulation 
(EC) no. 629/2008, setting maximum levels for certain contaminants in foodstuffs - only 
applicable to a few substances relevant for this indicator: cadmium, lead and mercury and (EC) 
no. 1259/2011 amending Regulation (EC) no. 1881/2006 as regards maximum levels for 
dioxins, dioxin-like PCBs and non-dioxin-like PCBs in foodstuffs. 

In order to allow comparison with assessment criteria (Table VI.1), it is necessary to choose 
the bases on which all concentrations must be expressed in the scope of each descriptor: dry 
weights for organochlorines and PAHs in soft body tissues in the scope of Descriptor 8 and 
wet weights for metals, organochlorines and PAHs in soft body tissues in the scope of 
Descriptor 9. 

VI.1.2 Materials and methods 

UkrSCES collected 6 samples of molluscs – Mytilus galloprovincialis and Rapana venosa 
(Mussels was taking on stations No 2 and 10), Rapana was taking on stations No 3, 6, 10 and 
13) and 2 samples of algae’s (1 Phyllophora on station No 10 and 1 algae on station No 13). 

The dredge was launched in order to collect biota samples for pollutants. One sample 
consisted of 10 – 15 individuals from the same species, shell length measured, whole soft 
tissue being separated on board in clean conditions, wrapped, frozen and subsequently 
analysed in the UkrSCES laboratory for heavy metals and POPs. 

Station Lat, oN Long, oE Bottom depth, m Date Place of sampling 

NPMS UA  02 45º 59,393′ 30º 42,667′ 19 17.05.16 Near Dniester estuary 

NPMS UA  03 45º 49,308′ 30º 18,518 17 18.05.16 Near Tuzly lagoons 

NPMS UA 06 45º 18,676′ 29º 51,200′ 22 18.05.16 Near Danube 

NPMS UA  10 45º 49,121′ 31º 07,452 31 20.05.16 Phyllophora field 

NPMS UA 13 46º 27,722′ 31º 20.618′ 13 21.05.16 Near Dnieper-Bug estuary 
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    St. 2     St. 3 
 

     
   St. 6    St. 10    St. 13 
 

VI.1.3 Results 

VI.1.3.1 Metals NPMS UA 

High toxic metals concentrations determined in the whole soft tissue of the molluscs species 
investigated in NPMS UA are presented in Table VI.1.1. 

Table VI.1.1. Concentrations of metals in biota samples NPMS UA 

Species Station 
Concentration of toxic metals (mg/kg ww) 

As Cd Cu Hg Pb Zn 

Mytilus galloprovincialis 2 0.90 0.15 1.24 0.012 0.13 42,7 

Mytilus galloprovincialis 10 0.85 0.20 0.96 0.016 0.15 18,5 

Rapana venosa 3 0.59 1.07 5.26 0.024 1.61 13,5 

Rapana venosa 6 0.88 0.80 6.80 0.053 0.14 31,5 

Rapana venosa 10 0.91 0.54 4.55 0.025 0.09 15,2 

Rapana venosa 13 0.93 0.09 8.73 0.018 <0.1 7,00 

Phyllophora 10 6.34 0.68 31.7 <0.010 3.00 75,3 

Green algae 13 10.6 0.61 30.0 0.044 4.92 62,8 

MAC UA for molluscs 2,0 2.0 30.0 0.2 10 200 

MAC-EQS*  

Directive 2013/39/EU 
   0.020   

* Bold values exceeding EQS 
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As shown in Table VI.1.1. the cases of MPC excess, established in Ukraine, not observed. It 
should be noted that the norms established in Ukraine are focused on the protection of 
human, rather than hydrobiont. And in comparison with the European Directive content of 
mercury in Rapana in 75% of samples was exceeded. 

It should be noted that the levels of accumulation of metals in the soft tissues mussels and 
rapana close. In Phyllophora and green algae was found a higher content of arsenic, copper, 
lead and zinc, as evidenced by the results of previous studies (Special expedition of UkrSCES 
into the area of Phyllophora field). 

Average metals concentrations in mussels tissue samples, collected during NPMS-UA in shelf 
waters, were in the range 0 – 61.7 mg/kg (Table VI.1.2., Figure VI.1.1.) and decrease in the 
next row: Fe, Zn, Mn, Cu, As, Cr, Co, Cd, Pb and Hg. Nickel concentration were less than the 
detection limit. 

Table VI.1.2. Concentrations of metals in mussels tissue NPMS UA 

Metals Unit* 
The average value for all samples of 

mussels tissue 
Min Max MAC/EQS 

As mg/kg 0.88 0.85 0.90 2.0 

Cd mg/kg 0.18 0.15 0.20 2.0 

Cо mg/kg 0.19 0.16 0.22  

Cu mg/kg 1.10 0.96 1.24 30.0 

Hg mg/kg 0.014 0.012 0.016 0.2/0.02 

Pb mg/kg 0.14 0.13 0.15 10 

Zn mg/kg 31.0 18.5 42.7 200 

Ni mg/kg 0 0 0  

Cr mg/kg 0.62 0.44 0.80  

Fe g/kg 61.7 25.2 98.1  

Mn mg/kg 3.8 2.13 5.47  

* Wet weight 

 

 
Figure VI.1.1. - Maximum, minimum and average value of metals in all samples of mussels 
tissue 

 

Average metals concentrations in rapana tissue samples collected during NPMS-UA in shelf 
waters were in the range 0.03 – 70.0 mg/kg (Table VI.1.3., Figure VI.1.2.) and decrease in the 
next row: Fe, Zn, Cu, Mn, As, Cd, Cr, Pb, Co, Ni and Hg. 
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Table VI.1.3. Concentrations of metals in rapana tissue NPMS-UA 

Metals Unit 
The average value for all samples of 

rapana tissue 
Min Max MAC/EQS 

As mg/kg 0.83 0.59 0.93 2.0 

Cd mg/kg 0.63 0.09 1.07 2.0 

Cо mg/kg 0.09 0 0.22  

Cu mg/kg 6.30 4.55 8.73 30.0 

Hg mg/kg 0.030* 0.018 0.053* 0.2/0.02 

Pb mg/kg 0.46 0 1.61 10 

Zn mg/kg 16.8 7.0 31.5 200 

Ni mg/kg 0.08 0 0.30  

Cr mg/kg 0.61 0 1.22  

Fe g/kg 70.0 14.4 203  

Mn mg/kg 4.80 0.69 10.4  

* Bold values exceeding EQS 

 

 
Figure VI.1.2. - Maximum, minimum and average value of Me in all samples of rapana 
tissue 

Average metals concentrations in algae samples collected during NPMS UA in shelf waters 
were in the range 0.022 – 1156 mg/kg (Table VI.1.4., Figure VI.1.3.) and decrease in the next 
row: Mn, Ni, Zn, Cu, Fe, Co, As, Cr, Pb, Cd, and Hg. There is a high concentration of manganese 
in Phyllophora (1629 mg/kg) and green algae (682 mg/kg). 

Table VI.1.4. Concentrations of metals in phyllophora and algae NPMS UA 

Metals Unit 
The average value for samples of phyllophora 

and algae 
Min Max 

As mg/kg 8.47 6.34 10.6 

Cd mg/kg 0.645 0.61 0.68 

Cо mg/kg 9.23 4.76 13.7 

Cu mg/kg 30.9 30.0 31.7 

Hg mg/kg 0.022 0 0.044 

Pb mg/kg 3.96 3 4.92 

Zn mg/kg 69.1 62.8 75.3 

Ni mg/kg 76.4 20.7 132 

Cr mg/kg 5.15 0 10.3 

Fe g/kg 13.0 10.1 15.9 

Mn mg/kg 1156 682 1629 
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Figure VI.1.3. - Maximum, minimum and average value of Me  
in samples of phyllophora and algae 

 

VI.1.3.2 Metals NPMS RF 

Russia made the following sampling of biota in the Kerch Strait: 1 rapana, two types of fish 
(goby-round - 3 pcs and goby-surman - 2 pcs.). The metal content was determined in the 
muscle tissue of gobies, and in the one goby-surman - in the gonad. Metal analysis results are 
presented in Figure VI.1.4. 

 
Figure VI.1.4. Concentration of Trace ME in biota samples NPMS RF 

 

Average metals concentrations in fish samples collected during NPMS-RF in shelf waters were 
in the range 0.01 – 4.48 mg/kg (Table VI.1.5., Figure VI.1.5) and decrease in the next row: Zn, 
Cu, Pb, Ni, Cd, Cr, Hg, As, and Co. 
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Table VI.1.5. Concentrations of metals in fish samples NPMS-RF 

Metals Unit The average value for all samples in fish Min Max 

As mg/kg 0.03 0.03 0.04 

Cd mg/kg 0.074 0.007 0.150 

Cо mg/kg 0.01 0.01 0.01 

Cu mg/kg 0.72 0.31 1.06 

Hg mg/kg 0.038 0.010 0.070 

Pb mg/kg 0.36 0.01 0.91 

Zn mg/kg 4.48 3.00 8.12 

Ni mg/kg 0.36 0.22 0.53 

Cr mg/kg 0.07 0.04 0.14 

 

 
Figure VI.1.5. - Maximum, minimum and average value of metals in all samples of fish 

NPMS-RF 

 

VI.1.3.3 Organochlorine pesticides and polychlorinated biphenyls 
NPMS UA 

The organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) concentrations 
determined in biota samples are presented in Figures VI.1.6 – VI.1.10. 

Mussels tissue 

Organochlorine pesticides concentrations varied from 0.05 to 48.9 µg/kg. Total 
polychlorinated biphenyls concentrations varied from 15.6 to 116 µg/kg. 

The major OCPs compounds were HCB, -HCH and DDD. The highest values measured were: 

48.9 µg/kg for hexachlorobenzene, 17.8 µg/kg for -HCH, 14.7 µg/kg for p,p’ DDE, 14.3 µg/kg 
for aldrine, 14.4 µg/kg for lindane, 3.78 µg/kg for α-HCH, 2.91 µg/kg for p,p’ DDD, 2.27 µg/kg 
for Dieldrin, 2.91 µg/kg for p,p’ DDT and 0.73 µg/kg for heptachlor. 

Hexachlorobenzene and heptachlor were found in concentrations above the EQS (10 and 
0.067 respectively). 

 



Scientific Report – Joint Black Sea Surveys 2016 

 

425  

 
Figure VI.1.6. - Maximum, minimum and average value of OCPs 

 in all samples of mussels NPMS UA 

 

Rapana tissue 

Organochlorine pesticides concentrations varied from 0.05 to 21.8 µg/kg. Total 
polychlorinated biphenyls concentrations varied from 6.05 to 637 µg/kg. 

The major OCPs compounds were -HCH, Lindane and DDE. The highest values measured 

were: 21.8 µg/kg for -HCH, 15.4 µg/kg for Lindane, 11.1 µg/kg for Dieldrin, 10.7 µg/kg for 
p,p’ DDE, 7.32 µg/kg for α-HCH, 5.03 µg/kg for Hexachlorobenzene, 2.32 µg/kg for p,p’ DDT, 
1.56 µg/kg for Heptachlor, 1.37 µg/kg for p,p’ DDD. Aldrin in rapana samples not found. 

Heptachlor were found in concentrations above the EQS 0.0067 µg/kg. 

 
Figure VI.1.7. - Maximum, minimum and average value of OCPs 

 in all samples of rapana NPMS UA 
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Algae 

Organochlorine pesticides concentrations varied from 0.05 to 49.6 µg/kg. Total 
polychlorinated biphenyls concentrations varied from 39.8 to 152 µg/kg. The major OCPs 
compounds were α-HCH, Lindane and DDE. The highest values measured were: 49.6 µg/kg for 
α-HCH, 36.0 µg/kg for p,p’ DDD, 32.8 µg/kg for Heptachlor, 26.8 µg/kg for aldrine, 15.6 µg/kg 

for lindane, 9.09 µg/kg for -HCH, 6.81 µg/kg for p,p’ DDE, 3.10 µg/kg for p,p’ DDT, 2.27 µg/kg 
for Dieldrin. Hexachlorobenzene in algae samples not found. 

 
Figure VI.1.8. - Maximum, minimum and average value of OCPs in all samples 

of phyllophora and algae NPMS UA 

 
Figure VI.1.9. - The sum of Lindane and DDT in biota samples NPMS UA 

  
Figure VI.1.10. - The sum of PCBs in biota samples NPMS UA 
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VI.1.3.4 Polycyclic aromatic hydrocarbons NPMS UA 

The total polycyclic aromatic hydrocarbons - ∑16PAH (μg/l) content in biota samples (n=8) 
ranged from 56.1 (st. 6 Rapana) to 197 µg/kg (st. 10 mussels) (Figure VI.1.11.). Of the total 
PAHs in mussels and algae the 2-3-ring PAHs contributed to about 77% and 4-6-ring PAHs – 
23%.  In Rapana the 2-3-ring PAHs contributed to about 55% and 4-6-ring PAHs – 45% (Figure 
VI.1.12.). Low molecular PAHs – Naphthalene and Anthracene were found as the most 
dominant compounds. 

In two samples of rapana was found PAHs that excided EQS: 

• Benzo(a)pyrene in concentration 5,58 µg/kg on station 3 (EQS=5 µg/kg) 

• Fluoranthene in concentration 44,0 µg/kg on station 13 (EQS=30 µg/kg) 

 
Figure VI.1.11. - The level of biota contamination PAH’s, NPMS UA 

 

 
Figure VI.1.12 - The ratio of PAHs in the biota NPMS UA  

by the number of rings in a molecule 
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VI.2 Target, suspect and non-target screening of Black Sea 
pollutants in biota by LC-HR-MS and GC-MS techniques 

Maria-Christina Nika1, Aikaterini Psoma1, Dimitrios Damalas1, Nikiforos Alygizakis1, Nikolaos S. Thomaidis1, 
P. Oswald2, J. Slobodnik2 

 
1 National and Kapodistrian University of Athens (UOA), Athens, Greece     
2 Environmental Institute (EI), Kos, Slovakia   

VI.2.1 Targeted determination of Black Sea pollutants in biota 
by ICP-MS, LC-(HR)-MS/MS and GC-MS/MS techniques 

VI.2.1.1 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, two different marine organisms, mussels and fish of different species were 
collected and analyzed. Mussels samples were collected during the NPMS/JOSS GE-UA, fish 
samples were collected by ONU in the Odessa bay and Zmiinyi Island in Ukraine and by NEA in 
Batumi - Gonio in Georgia. 

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 each fish sample, 
two sub-samples were tested; 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 seems 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. 

VI.2.1.2 Materials and methods  

Twelve 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. All biota samples were 
processed for analysis and freezed-dried at UoA after their delivery in June 2016, apart from 
the mussels sample from Ukraine, which was delivered freezed-dried at UoA in August 2016. 
The % of water content of every sample and the matrix of analysis, are listed in Table VI.2.1. 
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Table VI.2.1. Water content (%) and matrix of analysis for the biota samples from 
Ukrainian and Georgian area, June 2016. 

Species Sampling station Matrix of analysis Water content (%) 

Fish Batumi-midi-Gonio (Georgia) 
whole fish 71.0 

muscle tissue 75.7 

Fish, N. Melanostomus (Round 
Goby) 

midi Odessa Bay (Ukraine) 
whole fish 76.0 

muscle tissue 81.1 

Fish, N. Melanostomus (Round 
Goby) 

Zmiinyi island (Ukraine) 
whole fish 74.4 

muscle tissue 79.5 

Fish, P. SanguinoLentus 
(Common Blenny) 

Zmiinyi island (Ukraine) 
whole fish 74.6 

muscle tissue 79.4 

Fish,  Ponticola syrman (Syrman 
Goby) 

midi Odessa Bay (Ukraine) muscle tissue 79.6 

Mussels 1 Midi-Batumi (Georgia) mussels tissue 92.4 

Mussels 2 Batumi-midi- Gonio (Georgia) mussels tissue 90.1 

Mussels (Ukraine) mussels tissue 78.5 

Nine 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.2.2. 

Table VI.2.2. 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) Modified QuEChERS method, followed by a clean-up 
step with dispersive SPE with 3 g of silica, solvent 
change and a final SPE, using FL-RP Florisil  
cartridges (170 μm, 80 Å) 

GC-EI-MS/MS 
(SRM mode) 

Brominated diphenyl ethers (BDEs) 

Organochlorine pesticides (OCPs) 

Dioxins and dioxin-like compounds Accelerated solvent extraction 
GC-CI (-)-HRMS 

(SIM mode) 

Heavy Metals (HM) and Arsenic Microwave assisted extraction ICP-MS 

Organotin compounds 
Ultrasonic assisted extraction with acidic methanol, 
and simultaneous alkylation and derivatization with 
NaBEt4 in hexane 

GC-EI-MS/MS 
(SRM mode) 

Phenols 
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) 

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 methods-instrumental analysis used for the determination of PFCs, PAHs, BDEs, OCPs, 
HM, Organotin compounds, Phenols and Emerging Contaminants is presented in Part A1 of 
the Annex 11. 
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VI.2.1.3 Results and discussion   

VI.2.1.3.1 Perfluorinated compounds (PFCs) 

PFCs were detected only in fish samples and not in mussels. Perfluorodecanesulfonate (PFDS) 
was detected in the fish sample from Georgia at a concentration level of 0.83 μg/kg and the 
concentrations were <LOQ (0.80 μg/kg) in the rest of the samples. The Syrman Goby from 
Ukraine was the sample with the highest PFCs content up to34.3 μg/kg (PFOS: 1.8 μg/kg, 
PFOA: LOQ/2 and PFDS:LOQ/2). The detection of Perfluorooctanoic acid (PFOA), at <LOQ (64.2 
μg/kg) levels, markedly influenced this result (Figure VI.2.1.). Perfluoroctane sulfonic acid 
(PFOS) concentrations ranged from 0.32 to 1.9 μg/kg in whole body samples (median value 
1.2 μg/kg) and from 1.2 to 2.0 μg/kg in muscle tissue samples (median value 1.9 μg/kg), 
concentrations were in all cases lower than the EQS value (9.1 μg/kg). 

 

Figure VI.2.1. PFCs (μg/kg) in biota samples from Ukrainian and Georgian area,  
May/June 2016. 

 

The LODs and LOQs of PFCs for biota, are presented in Table VI.2.3. 

Table VI.2.3. LODs and EQS of PFCs in biota samples. 

PFCs 
LOD/ LOQ 

(μg/kg) 
PFCs 

LOD/ 
LOQ 

(μg/kg) 

Perfluoropentanoic acid (PFPeA) 2.9/ 9.6 Perfluorooctanoic acid (PFOA) 19.4/ 64.2 

Perfluorodecanesulfonate (PFDS) 0.24/ 0.80 Perfluorodecanoic acid (PFDA) 

4.9/ 16 

Perfluoroctane sulfonic acid (PFOS) 0.19/ 0.64 Perfluoroundecanoic acid (PFUdA) 

Perfluorohexanoix acid (PFHxA) 

9.7/ 32.1 

Perfluorotetradecanoic acid (PFTeDA) 

Perfluoroheptanoic acid (PFHpA) Perfluoroheptanesulfonate (PFHpS) 

Perfluorononanoic acid (PFNA) Perfluorohexanesulfonate (PFHxS) 

Perfluorododecanoic acid (PFDoA) Perfluorooctane sulfonamide (PFOSA) 

48.6/ 160 
Perfluorotridecanoic acid (PFTrDA) 

N-methylperfluorooctane sulfonamide 
(N-MeFOSA) 

Perfluorobutanesulfonate (PFBS)   

N-ethylperfluorooctane sulfonamide (N-EtFOSA)   

 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

PFOS was always detected at <EQS value of 9.1 μg/kg. 
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VI.2.1.3.2 Polyaromatic hydrocarbons (PAHs) 

All biota samples were positive in PAHs detection. The mussels sample from Ukraine was by 
far the most polluted sample, with total PAHs concentration of 57.2 μg/kg 18 times higher 
than the rest of the analyzed samples. Low molecular mass PAHs (LMW), with 2-3 rings were 
the most frequently detected PAHs and the most important in the total PAHs content, as 
shown in Figure VI.2.2. 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 and chrysene) to the total PAHs concentration 
(sum of 14 PAHs). The % of carcinogenic PAHs were in most cases low (5.7-16), apart from the 
Georgian mussels sample (Batumi) with an extreme value of 57.9%. LMW/HMW PAHs were in 
the range of 0.4 to 7.0, apart from the Common Blenny whole fish sample, with an extreme 
value of 74, ought to the low detection of 5-6 ringed-PAHs and no detection of 4 ringed-PAHs. 

 

Figure VI.2.2. PAHs (μg/kg) in biota samples from Ukrainian and Georgian area,  
May/June 2016. 

The distribution of every PAH in the three different analyzed matrices (whole body fish, fish 
muscle tissue and mussels tissue) is presented in Table C1 of the Annex 11. 
Benzo(g,h,i)perylene and Indeno(1,2,3-cd)pyrene were detected only in mussels within the 
range of 0.06-0.34 μg/kg and <0.18-0.28 μg/kg, respectively.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 C1), 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 one order of magnitude higher in mussels compared to fish samples, 
with a median value of 0.46 μg/kg. Phenanthrene was the compound with the highest content, 
reaching a level of 35.2 μg/kg in the mussels sample from Ukraine. 
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Assessment of chemical status according to the EQS Directive 2013/39/EU 

Benzo(a)pyrene and Fluoranthene were detected at highest concentrations of 0.61 and 1.12 
μg/kg (Table C1 of the Annex 11), values significantly lower than the EQS value (5 and 30 
μg/kg, respectively). 

VI.2.1.3.3 Brominated diphenyl ethers (BDEs) 

BDE 28, 47, 99, 100, 153 & 154 congeners were screened in biota samples. No BDEs were not 
detected in any of the analyzed samples, with a LOD of 20 ng/kg . 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

The EQS of the sum of the screened BDEs is 8.5 ng/kg , a concentration 2.4 times lower than 
the reported LOD. Despite BDEs were not detected there is a risk of their exceedance of limit 
values when more sensitive method would be used.  

VI.2.1.3.4 Organochlorine pesticides (OCPs) 

para-para-DDT, o-p-DDT, DDE, DDD and Hexachlorocyclohexane isomers were detected in 
biota samples. A specific trend of higher OCPs total concentration in whole fish samples 
compared to their respective muscle samples was observed (Figure VI.2.3.). The ratio of the 
total OCPs concentrations in whole fish samples to muscle tissue samples ranged from 2.0 to 
3.9, for the four samples where two types of matrices were analyzed. The Georgian fish 
sample reached a total concentration of 26.5 μg/kg and the combined mussels sample from 
Ukraine was the most polluted mussel sample with 11.9 μg/kg of total OCPs. α-HCH was 
detected only in the whole fish from Batumi at <LOQ (0.15 μg/kg) level and is presented in the 
graph below, as a sum with β- and δ-HCH isomers. 

 

Figure VI.2.3. OCPs (μg/kg) in biota samples from Ukrainian and Georgian area,  
May/June 2016. 

DDE was detected in all biota samples with high concentration variation (0.3-14.8 μg/kg). 
Hexachlorobenzene was <LOQ (0.05 μg/kg) in the whole fish sample from Odessa Bay and the 
fish muscle sample from Batumi, whereas in the whole fish of the latter sample it was detected 
at 0.12 μg/kg. The results of analysis of the detected OCPs in the three different analyzed 
matrices are presented in Table C2 of the Annex 11. β-HCH and δ-HCH isomers were detected 
only in fish samples. 
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The LODs of the OCPs are presented in the Table VI.2.4. 

Table VI.2.4. LODs, LOQs and EQS of the non-detected pesticides. 

OCPs LOD/ LOQ (μg/kg) 2013/39/EC Directive EQS (μg/kg) 

Aldrin 0.083/ 0.25 - 

Dieldrin 0.25/ 0.75 - 

Endrin 0.10/ 0.30 - 

Isodrin 0.17/ 0.50 - 

Dichlorvos 0.05/ 0.15 - 

Dicofol 0.83/ 2.5 33 

Heptachlor 0.02/ 0.05 0.0067* 

Heptachlor epoxide 0.08/ 0.25 * 

Hexachlorobutadiene 0.02/ 0.05 55 

Hexabromocyclododecane 180/ 540 167 

γ-HCH 0.05/ 0.15 - 

*expressed as sum of Heptachlor and Heptachlor epoxide. 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

All OCPs included in 2013/39/EU Directive (listed in Table 8) were <LOD in every analyzed biota 
sample. The quality of the biota samples, is questionable about three compounds: Heptachlor 
and Heptachlor epoxide, whose method LODs are significantly higher than the recommended 
EQS value and Hexabromocyclododecane, determined by the same method, whose LOD is at 
a similar level of the respective EQS value (Table C2 of the Annex 11). 

VI.2.1.3.5 Dioxins and dioxin-like compounds 

Due to low availability of some biota samples, the analysis for the determination of dioxins 
and dioxin-like compounds was performed only in three biota samples (fish muscle tissue 
matrix): the fish from Batumi, and the two Round Goby samples from Odessa Bay and Zminiy 
Island, respectively. 

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). 

The results presented in Table C3 of the Annex 11 show the concentrations in ng/kg of the 
different classes of compounds and the sum of dioxins and dioxin-like compounds. PCB-DL 
have the most significant contribution to the total dioxins and dioxin-like compounds 
concentration. The Georgian samples were the most contaminated ones with a total number 
of 22 detected dioxins and dioxin-like compounds. 

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 
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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 for the three tested sample are presented in Table VI.2.5. 

Table VI.2.5. Results of dioxins and dioxin-like compounds expressed as TEQ. 

Biota sample μg/kg TEQ with Uc (%) 21.4 
2013/39/EC Directive EQS 

(μg/kg) 

Fish, GE (Batumi), Muscle 0.000631 

0.0065 Round Goby, UA (Odessa bay), Muscle 0.000125 

Round Goby,UA (Zmiinyi island), Muscle 0.000158 

The results indicate that all the tested samples, were at least 10 times lower than the EQS 
value. 

VI.2.1.3.6 Metals 

The median concentration of metals in mussels was 11.4 times higher than those detected in 
fish, if the fish from Batumi is excluded (Figure VI.2.4.). An extreme value of Hg was detected 
in this sample, reaching a concentration of 14.4 mg/Kg. The combined NPMS UA sample from 
Ukraine was the most contaminated mussels sample with a concentration of up to 1408 μg/kg, 
compared to the Georgian ones, at 642 (Batumi) and 663 μg/kg (Batumi-Gonio). 

 

Figure VI.2.4. Metals (μg/kg) in biota samples from Ukrainian and Georgian area, May/ 
June 2016. 

All tested metals had a frequency of detection 42% <LOQ in fish samples, while the highest 
values (except for Hg) were detected in the mussels sample from Ukraine. Pb and Hg were 
only detected in fish samples. Three samples in total exceeded the EQS value for Hg (Table C4 
of the Annex 11). 

Assessment of chemical status according to the EQS Directive 2013/39/EU 

Both the fish whole body from Batumi and from Odessa Bay (Round Goby) exceeded the EQS 
of Hg, with 14499 and 77.1 μg/kg, respectively. Also the concentration of Hg in Syrman Gobby 
species from Odessa Bay (91.2 μg/kg) was 4.5 times higher than the EQS value (20 μg/kg).  
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VI.2.1.3.7 Organotin compounds 

All analyzed biota sample were <LOD for the six determined organotin compounds. The 
respective LODs are presented in Table VI.2.6.  

Table VI.2.6. LODs of the organotin compounds. 

Organotin compounds LOD (μg/kg) 

Monobutyltin 13.8 

Dibutyltin 6.90 

Tributyltin 4.26 

Monophenyltin 3.51 

Diphenyltin 2.13 

Triphenyltin 3.40 

VI.2.1.3.8 Phenols 

All biota samples were negative in phenols determination, except for the soft muscle tissue 
sample of Round Goby species from Zmiinyi Island. 2,4-Dinitrophenol (DNP) was detected at 
7.47 μg/kg. The rest of the investigated phenols (4-n-Nonylphenol, Octylphenol, 
Pentachlorophenol, 2,4,6-Tri-tert-butylphenol, Bisphenol A, 4-n-Nonylphenol mono-
ethoxylate, 4-n-Nonylphenol di-ethoxylate, 4-n-Octylphenol-mono-ethoxylate, 4-n-
Octylphenol-di-ethoxylate and Tetrabromobisphenol A) were below the Screening Detection 
Limit of the validated method (SDL= 5 μg/kg). 

VI.2.1.3.9 Emerging contaminants 

In total, fortyfour ECs were detected in the analyzed biota samples. The number of detected 
ECs and their total concentration are listed in Table VI.2.7. 

Table VI.2.7. No. of detected ECs and their total detected concentration in biota samples 
from Ukrainian and Georgian area, May/June 2016. 

Biota sample Matrix of analysis No. of detected compounds 
Total concentration of 

ECs (μg/kg) 

Fish, Batumi (Georgia) 
whole fish 12 594 

muscle tissue 9 513 

Fish, Round Goby, Odessa 
Bay (Ukraine) 

whole fish 15 507 

muscle tissue 7 284 

Fish, Round Goby, Zmiinyi 
island (Ukraine) 

whole fish 15 719 

muscle tissue 11 664 

Fish, Common Blenny, Zmiinyi 
island (Ukraine) 

whole fish 12 342 

muscle tissue 6 349 

Fish, Syrman Goby, Odessa 
Bay (Ukraine) 

muscle tissue 9 
508 

Mussels 1 (Batumi, Georgia) mussels tissue 17 560 

Mussels 2 (Batumi-Gonio, 
Georgia) 

mussels tissue 16 
323 

Mussels (Ukraine) mussels tissue 13 591 

 

 



Scientific Report – Joint Black Sea Surveys 2016 

 

436  

The biota sample with the highest total ECs concentration is the fish sample of Round Goby 
species from Zmiinyi Island, with concentration levels up to 719 μg/kg for the whole body 
sample and 664 μg/kg for the muscle tissue sample. The samples with high detection 
frequency of ECs were the two samples of mussels from Georgia, with 17 and 16 detected ECs. 

The distribution of each class of ECs as a part of the total pollution of the Ukrainian and 
Georgian samples, is depicted in Figure VI.2.5. Fish samples were dominated by the presence 
of pharmaceuticals and PCPs, while industrial chemicals dominate in mussels. The 
contribution of pesticides in the ECs’ pollution of the whole fish and the muscle tissue matrix, 
remains almost the same (13-15%). Psychotropic drugs & drugs of abuse were hardly 
observable in the pie chart of fish muscle tissue (0.01%), whereas they contribute up to 6.2% 
in the total ECs pollution in mussels. 

It should be noted that detected naturally occuring compounds 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, 
Apophedrine (phenylethanolamine), 2-phenethylamine and Nicotinamide were detected but 
not reported. 

 
Figure VI.2.5. The distribution of the detected classes of ECPs in biota samples from 

Ukrainian and Georgian area, May/June 2016. 

 

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 (Figure 
VI.2.6). 
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Figure VI.2.6. Emerging Contaminants (μg/kg) in biota samples from Ukrainian, Open Sea 
and Georgian area, May/ June 2016. 

VI.2.1.3.10 Pharmaceuticals & PCPs 

A total number of nineteen pharmaceuticals & PCPs were detected. Except for Cytarabin, 
Oxfendazole and Salicylic acid, all the other compounds were detected either only in fish or 
only in mussels. Thus, Carteolol, Clobenzepam, Ephedrine, Esmolol, Ethenzamide, Moxisylyte 
and 3-benzophenone were present only in mussels sample. Among them, Carteolol was 
detected at the highest concentration of 45.2 μg/kg. From the group of contaminants 
detected only in fish (Albuterol, Gemfibrozil, Guaifenesin, Phenacetin, Probenecid, 
Sulfamethoxazole, Trimethoprim, Valsartan and Venlafaxine), Gemfibrozil was detected in 
almost all samples (whole fish and muscles tissue). Round Goby species from Zmiinyi Island 
was the most polluted sample with a total concentration of 437 and 445 μg/kg in whole fish 
and fish muscles tissue, respectively. 

Psychotropic drugs & drugs of abuse 

Five psychotropic drugs & drugs of abuse were detected in total (Clozapine, Quetiapine, 
Amphetamine-2-5-dimethoxy-4-methyl, Dimethyltryptamine and Fenproporex). Except 
Quetiapine, which was detected at 148 ng/kg  in the muscle tissue sample of the Round Goby 
from Zmiinyi Island, all the other compounds were detected in mussels.  The sample in which 
most of psychotropic drugs & drugs of abuse were detected, was the mussels sample from 
Batumi, Georgia. Clozapine, Dimethyltryptamine and Fenproporex were detected at <LOQ 
(0.36, 3.9 and 34.1 μg/kg, respectively). 

Stimulants  

Anabasine and Nicotine were detected only in the Georgian mussels samples in a total 
concentration of 15.9 and 9.6 μg/kg. 

Pharmaceuticals TPs 

Among the detected PharmaceuticalsTPs, 4-formylamino-antipyrine was both the most 
frequently detected compound and at the highest concentration levels, reaching up to 59.2 
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μg/kg in the whole fish sample from Batumi. Nornicotine was detected (<LOQ= 298 ng/kg ) in 
the mussels sample from Georgia, following the same detection pattern with its parent 
compounds (nicotine). Another pair of detected parent compound and TP in the biota 
samples, was venlafaxine and O-desmethyl-venlafaxine. 

Pesticides & Pesticides TPs 

In general pesticides were present in all biota samples and detected with high frequency. 
Myclobutanil, methoprene, glufosinate and imazamox were detected only in fish samples, 
whereas diquat, metalaxyl and methfuroxam were detected only in the mussel samples from 
Georgia. The highest detected concentration is attributed to myclobutanil at 45.7 μg/kg in 
Round Goby sample from Odessa Bay (whole fish). Desisopropyl-atrazine is the only pesticide 
TPs detected at 25.3 μg/kg in Syrman Goby species sample. 

Industrial chemicals 

Benzoic acid, Benzothiazole-mercapto, Dimethylaniline (N.N-), Dinitrophenol-2,4- (DNP) and 
Tributylamine were detected in biota samples. Benzoic acid was the most frequently detected 
compound (83% detection frequency) of this class of contaminants with a maximum 
concentration at 461 μg/kg in the Ukrainian mussels sample. Mercapto-benzothiazole and 
(N.N-)dimethylaniline were detected once in fish samples from Batumi (7.1 μg/kg) and in 
Round Goby from Odessa Bay  (22.5 μg/kg) in muscle and whole fish matrix, respectively. 
Tributylamine was detected only in the fish sample from Batumi at a concentration of 7.5 and 
1.8 μg/kg in whole fish and fish muscle tissue, respectively. The total summary pollution by 
industrial chemicals was significantly higher in mussels (1106 μg/kg), compared to whole fish 
and fish muscle tissue exhibiting levels of 629 and 943 μg/kg, respectively. 

The specific-compounds that were detected in biota samples are presented in Table VI.2.8., 
while their respective EQSs are listed in Table D1 of the Annex 11. 

Table VI.2.8. Emerging Conatminants detected in biota samples. 

Atrazine-desisopropyl DMT (Dimethyltryptamine) Phenacetin 

Benzophenone 3  Ethenzamide Probenecid 

Carteolol Fenproporex (NARL) Quetiapine 

Chlordimeform Imazamox Salicylic acid 

Clobenzepam Methfuroxam Trimethoprim 

Clozapine Methoprene  

Cytarabine Moxisylyte  

Dalapon Myclobutanil  

Dimethylaniline (N.N-) Nicotine-Nor  

VI.2.1.3.11 Overall pollution 

The cumulative graph of biota pollution, including priority substances and ECs, is presented in 
Figure VI.2.7. 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 (13 in total), its normalized pollution would be 1300 (maximum sum of 
normalized pollution per class of pollutants). It should be highlighted that dioxins and dioxin 
like compounds are not included in the graph, since the analysis was performed only in three 
samples, so the results of their analysis cannot be used in terms of pollution comparison 
among all the samples. However, their determination that in some case exceeded the EQS 
should be taken into account for future monitoring. Moreover, the total number of detected 



Scientific Report – Joint Black Sea Surveys 2016 

 

439  

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.2.9. 

 

Figure VI.2.7. Normalized pollution cumulative chart for biota from Ukrainian and 
Georgian area, May/June 2016. 

A trend of higher pollution in the whole fish matrix compared to the fish muscle tissue, is 
noticable in Figure VI.2.7. in three of the four biota samples where both matrices were 
analyzed. 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.2.9. Maximum total concentrations per class of pollutants. 

Class of pollutants 
Maximum total 

concentration (μg/kg) 
Sample with maximum concentration 

PAHs 57.2 Mussels, UA 

Metals 14499 Fish, GE (Batumi), whole fish 

OCPs 26.5 Fish, GE (Batumi), whole fish 

Phenols 7.5 Round Goby, UA (Zmiinyi island), muscle tissue 

PFCs 34.3 Syrman Goby, UA (Odessa bay) 

Stimulants 15.9 Mussels 1, GE 

Psychotropic drugs & Drugs 
of abuse 

38.4 Mussels 1, GE 

Pharmaceuticals & PCPs 445.1 Round Goby, UA (Zmiinyi island), muscle tissue 

Pharmaceuticals TPs  59.2 Fish, GE (Batumi), whole fish 

Industrial chemicals 461.2 Mussels, UA 

Pesticides 126.4 Syrman Goby, UA (Odessa bay) 

Pesticides TPs 25.4 Syrman Goby, UA (Odessa bay) 
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VI.2.2 Suspect and non-target screening of Black Sea 
pollutants in biota by LC-HR-MS and GC-(HR)-MS techniques 

The same methodology, previously described for the suspect and non-target screening of 
seawater and sediments (Methods - Instrumental Analysis and Data Treatment, Part A2 of the 
Annex 11), was followed for the analysis of the tested biota samples. 

VI.2.2.1 Results and discussion 

A summary of identifications of non-target screening is given in Tables VI.2.10. and VI.2.11. 
The number of components in biota samples was higher comparing with seawater or/and 
sediment samples. This was caused by the fact that an appropriate procedural blank could not 
be used for biota, since they have a uniquely complex matrix. This makes screening difficult, 
because there are many naturally occurring compounds among the substances of interest. For 
example, among the substances detected was panthenol (level 2A). Panthenol is a 
pharmaceutical substance, but also occurs naturally as provitamin D5. Therefore, occurrence 
of panthenol in biota is probably not caused by pollution. An interesting finding was the 
sporadic detection of (C10-C12) LAS surfactants in the samples. In few cases signal in samples 
exceeded the signal in procedural blank. However, this may be caused due to different matrix 
effect. Therefore, no clear conclusion can be drawn from the few compounds of this group of 
pollutants that were tentatively identified by non-target screening. 

The range of components for each biota matrix, possible annotations from NORMAN SusDat 
and confirmed identifications are summarized in Table VI.2.10. for LC-HRMS and GC-EI-MS 
analysis and in Table VI.2.11. for GC-HRMS analysis. Confirmation of the annotations is still an 
on-going process and therefore more tentative identifications are expected in the near future.  

Table VI.2.10. LC-HRMS components, possible annotations and identifications per sampling 
station and GC-EI-MS identifications 

Biota Matrix 
Range of components 
(Positive;Negative ESI) 

Range of possible 
Annotations 

(Positive;Negative 
ESI) 

Range of 
identifications 
(Level 3 and 

above)* 

Range of GC-
EI-MS 

Identifications 

Whole fish 8614-12330 1092-1201; 930-1177 3-5 2-4 

Fish Muscle 8585-9478; 3904-5802 677-767; 506-690 3-13 0-3 

Mussels 9429-11214; 5539-7055 1288-1541; 885-1013 3-7 1-2 

Table VI.2.11. GC-HRMS components and possible annotations per sampling station. 

Biota matrix 
Range of components (Positive 

APCI) 
Range  of possible 

Annotations (Positive APCI) 

Whole fish 4015-10176 1777-3685 

Fish Muscle 1542-3658 614-1476 

Mussels 6926-9978 2394-3448 

Tentative identifications derived from LC-HRMS analysis, and samples in which compounds 
were detected, are summarized in Table E2 (Annex 11) for biota samples. 
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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.2.1.).  

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 Table App was sent to the Black Sea Commission and to the JRC 
RIMMEL Database for analysis.  
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Beach litter monitoring was made by each country separately during summer activities and 
was combined with public awareness raising activities in autumn during the Black Sea Clean 
Beach day on 30.+31.10.2016 in Georgia and on 23.+24.9.2016 in Ukraine, where all EMBLAS 
countries had an opportunity to test the EEA application for beach litter monitoring (Marine 
Litter Watch App). 

There were exploratory campaigns for seafloor litter monitoring as well, employing beam 
trawls during the NPMS/JOSS surveys in order to test equipment and approaches. 

Table VII.2.1. 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 May, August, November 
2016 

Seafloor NPMS/JOSS Georgia, 
Russia, Ukraine 

Bottom net trawl, divers May 2016, October 2016 

Rivers NPMS Riverine Litter Observation Network JRC Since September 2016 
ongoing 

Beach NPMS MarineLitterWatch App (EEA database), 
Marine Conservation Society and other 
paper protocols 

National campaigns and 
BSCBD events  

 

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. FMML monitoring 
activities in the frame of EMBLAS II project are represented in Table VII.2.2. 

Table VII.2.2. FMML monitoring EMBLAS activities. 

Country Survey Dates Region Research Vessel 

Georgia NPMS 28 - 31 May 2016 Batumi Mare Nigrum 

JOSS 23 - 26 May 2016  Odessa - Batumi  

1 - 4 June 2016  Batumi - Constanta 

Russia NPMS-III 9-10 May 2016 Anapa-Gelendzhik Ashamba 

JOSS RF 29-30 May 2016 Gelendzhik-sea center Impuls 

NPMS-I 7-9 August 2016 Kerch Strait Peleng 

NPMS-II 23 November -1 December 2016 Sochi-Adler region Peleng 

Ukraine NPMS 17-18 May 2016 Odessa Mare Nigrum 

JOSS 24 - 27 May 2016  Odessa - Batumi  

1 - 4 June 2016  Batumi - Constanta 

 

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.  
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During the EMBLAS surveys a first set of data was obtained. Most of it was 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 (FigureVII.1.-4., Tab.VII.3.-6.). 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. 

VII.2.1.1 NPMS GE (28-31 May 2016) 

A total of 20 monitoring transects was covered during survey Georgia NPMS (28-31 May 2016), 
corresponding approximately to a combined length of 114 kilometres for all transects, with an 
observation track width of 10 metres, covering 1.14 square kilometres of observation surface. 
A total of 368 Litter items was observed, which accounts for an average concentration of 322 
Litter items per square kilometre. 

Table VII.2.3. Floating Marine Macro Litter - data. NPMS GE (28-31 May 2016). 

 Size categories  

Litter Items 
2.5 – 5 
cm 

5 - 10 
cm 

10 - 20 
cm 

20 – 30 
cm 

30 – 50 
cm > 50cm 

Total by 
Items 

Cover / packaging 27 47 34 12     120 

Bag 8 17 30 18 3  76 

Plastic pieces 2.5cm - 50cm 15 27 13 2 1 1 59 

Plastic bottle 1 5 17 5   28 

Plastic container 1 2 7 6 1  17 

Synthetic rope 1 7 3 2 1  14 

Other paper 1 5 2  1  9 

Polyurethane granules <5mm 5 4     9 

Paper packaging 1 3 3    7 

Foam 1 4 1    6 

Polystyrene pieces > 50 cm 1 1  1 2  5 

Other textiles  1 1   1 3 

Rubber boots   1 2   3 

Newspapers & magazines   1 1   2 

Other plastic/polystyrene 
items 2      2 

Other rubber  1   1  2 

Polystyrene pieces 2.5 cm - 
50cm   1 1   2 

Buoys  1     1 

Cans   1    1 

Fish boxes - plastic   1    1 

Sheets     1       1 

Total by size 64 125 117 50 10 2 368 

Litter patch >20 items 2 3 10       15 

Non-Litter items 
2.5 – 5 
cm 

5 – 10 
cm 

10 – 20 
cm 

20 – 30 
cm 

30 – 50 
cm > 50cm 

Total by 
Items 

Feathers 1 5         6 

Leaves 1 4 1    6 

Other wood 7 20 20 13 7 3 70 

Total by size 11 32 31 13 7 3 82 
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Figure VII.2.1. Floating Marine Macro Litter - bar graphs and map. NPMS GE 
(28-31 May 2016). 

VII.2.1.2 NPMS RF-III (9-10 May 2016) 

FMML observations started in Russian NPMS surveys with two transects: (1) transect off the 
Gelendzhik Bay; (2) transect in the Anapa Bay on the R/V "Ashamba" from 8 to 10 May 2016 
by the SIO-RAS team (FigureVII.2.2.). The observations were made between the stations 
during day time. 

The total observation track length was 7.4 km, with a transect width of 20 m, covering 
approximately 0.15 square kilometres of observed surface. We can estimate that the total 
amount of litter was 88.4 litter items per square kilometre. 



Scientific Report – Joint Black Sea Surveys 2016 

 

448  

 

Figure VII.2.2. Scheme of sampling locations during the NPMS RF-III: pilot monitoring study 
in Anapa Bay (left insertion) and Gelendzhik Bay (right insertion). 12-month monitoring 

study near Blue Bay (central insertion).   

 

Table VII.2.4. Floating Marine Macro Litter observations during NPMS RF-III (9-10 May 
2016). 

Transect Distance, km 
Transect width, 

km 
Observation 
surface, km2 

Number of 
litter items 

Number of litter 
items per km2 

 1/2 Б – 1 Б      0.5 0.02 0.01 0 0.0 

 1 Б – 2 Б 0.9 0.02 0.02 0 0.0 

 2 Б – 3 Б 1.5 0.02 0.03 2 66.9 

 1 Г – 2 Г 1.6 0.02 0.03 11 351.6 

2 Г – 3Г 2.9 0.02 0.06 0 0.0 

TOTAL 7.4 0.02 0.15 13.0 88.4 

 

VII.2.1.3 NPMS RF-I (7-9 August 2016) 

A total of 8 monitoring sessions were performed during survey Russia NPMS-I (7-9 August 

2016), corresponding approximately to a length of 62.4 kilometres for all transects, with an 

observation track width of 100 metres, covering 1.14 square kilometres of observation 

surface. Results included a total of 1 Litter Items, which provide an approximate estimate of 

0.16 Litter Items per square kilometre (Table VII.2.5., Figure VII.2.3.).   
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Table VII.2.5. Floating Marine Macro Litter - data. NPMS RF-I (7-9 August 2016). 

 Size categories  

        

Litter Items 
2.5 – 5 
cm 

5 - 10 
cm 

10 - 20 
cm 

20 – 30 
cm 

30 – 50 
cm > 50cm 

Total by 
Items 

Cover / packaging  1     1 

Total by size  1     1 

        

Non-Litter items 
2.5 -5 
cm 

5 – 10 
cm 

10 – 20 
cm 

20 – 30 
cm 

30 – 50 
cm > 50cm 

Total by 
Items 

Feathers 1      1 

Total by size 1      1 

 

 

 

Figure VII.2.3. Floating Marine Macro Litter - map. NPMS RF-I (7-9 August 2016). 

 

VII.2.1.4 NPMS RF-II (23 Nov-1 Dec 2016) 

A total of 8 monitoring sessions were performed during survey Russia NPMS-II (23 Nov-1 Dec 

2016), corresponding approximately to a length of 61.2 kilometres for all transects, with an 

observation track width of 30 metres, covering 1.84 square kilometres of observation 

surface. Results included a total of 7 Litter Items, which provide an approximate estimate of 

3.8 Litter Items per square kilometre (Table VII.2.6., Figure VII.2.4.). 
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Table VII.2.6. Floating Marine Macro Litter - data. NPMS RF-2 (23 Nov-1 Dec 2016). 

 Size categories  

        

Litter Items 2.5 – 5 cm 5 - 10 cm 10 - 20 cm 20 – 30 cm 30 – 50 cm > 50cm Total by Items 

Bag   2    2 

Plastic bottle    2   2 

Plastic pieces > 50cm      1 1 

Polystyrene pieces 2.5cm -  50cm    1   1 

Wood boards      1 1 

Total by size   2 3  2 7 

        

Litter patch >20 items        2 2 

        

Non-Litter items 2.5 – 5 cm 5 – 10 cm 10 – 20 cm 20 – 30 cm 30 – 50 cm > 50cm Total by Items 

Leaves  2     2 

Total by size  2     2 

 

 

Figure VII.2.4. Floating Marine Macro Litter - map. NPMS RF-2 (23 Nov-1 Dec 2016). 

 

VII.2.1.5 JOSS RF (29-30 May 2016) 

The JOSS RF was conducted during two days 29 and 30 May 2016 by Shirshov’s State 
Oceanographic Institution on the vessel “Impuls”. FMML observations were realized 
between the stations on a 95-mile transect from the centre of the sea to Caucasian coast 
near the town Gelendzhik (Figure VII.5.). The total observation track length was 90.8 km, 
with a transect width of 50 m, covering approximately 4.54 square kilometres of observed 
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surface. We can estimate that the total amount of litter was 33.7 litter items per square km 
(Table VII.2.7). 

 

Table VII.2.7. The results of Floating Marine Macro Litter observations during JOSS RF (29-
30 May 2016). 

Transect Distance, km 
Transect 
width, km 

Observation 
surface, km2 

Litter items Litter items/ km2 

ст 16 - ст 17 20.7 0.05 1.04 46 44.4 

ст 17 - ст 18 20.7 0.05 1.04 54 52.2 

ст 18 - ст 19 22.3 0.05 1.12 18 16.1 

ст 22 - ст 23 5.5 0.05 0.28 7 25.5 

ст 23 - ст 24 7.1 0.05 0.36 14 39.4 

ст 24 - ст 25 6.2 0.05 0.31 7 22.6 

ст 25 - ст 26 4.5 0.05 0.23 3 13.3 

ст 26 - ст 27 3.8 0.05 0.19 4 21.1 

TOTAL 90.8 0.05 4.54 153 33.7 

 

 

Figure VII.2.5. Scheme of the station locations in the JOSS RF. 

 

VII.2.1.6 NPMS UA (17-18 May 2016) 

A total of 3 monitoring sessions (3 hours of visual observations) were performed during 
survey Ukraine NPMS (17-18 May 2016). Based on GPS data, it is not possible to calculate 
the length of transects and therefore no surface density has been estimated (Table VII.2.8., 
FigureVII.2.6.).   
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Table VII.2.8. Floating Marine Macro Litter - data. NPMS UA (17-18 May 2016). 

 Size categories  

        

Litter Items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm > 50cm Total by Items 

bag 2      2 

Other paper 1 1     2 

Total by size 3 1         4 

        

Non-Litter items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm > 50cm Total by Items 

Other wood   2 4  2 2 10 

Other non-litter items     6   6 

feathers   4         4 

Total by size   6 4   2 2 20 

 

 

Figure VII.2.6. Floating Marine Macro Litter - map. NPMS UA (17-18 May 2016). 

 

VII.2.1.7 JOSS UA (24-27 May 2016) and JOSS UA (1-4 June 2016) 

These two surveys correspond to long transect visual observations in open waters (Fig 
VII.2.7.-8., Table VII.2.9.-10.).  

A total of 7 monitoring sessions were performed during survey Ukraine JOSS (24-27 May 
2016), corresponding approximately to a length of 147 kilometres for all transects.  Due to 
difficulties to estimate the exact width from a large ship, it isn’t possible to derive an exact 
concentration calculation for these transects. During the survey the transect width varied 
between 5-20 m, a total amount of litter Items was 591, thus the concentration could be 
estimated between 201-810 Litter Items per square kilometre.   

For survey Ukraine JOSS (1-4 June 2016), 10 monitoring sessions were performed, 
corresponding approximately to a length of 275 kilometres for all transects. An observation 
track varied as in the survey above between 5-20 m, results included a total of 798 Litter 
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Items. The concentration was estimated between 145-582 Litter Items per square kilometre 
respectively. 

The concentration in both surveys were considerably high, further clarification and 
conformation of the results is urgently needed with harmonization of the approaches of all 
observers. 

The data from the surveys could be considered as pilot studies. The considerable experience 
received in the cruises will be very useful in further surveys and the significance of harmonised 
approach will be taken in account. 

Table VII.2.9. Floating Marine Macro Litter - data. JOSS GE-UA (24-27 May 2016). 

 Size categories  

        

Litter Items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm 

> 
50cm 

Total by 
Items 

Other plastic/polystyrene 
items 98 61 49 21 4 7 240 

Foam  36 17 17 6 2 3 81 

Plastic pieces  30 17 10 5   62 

cover / packaging  4 13 14 12 1 5 49 

bag 1 2 4 11 3 7 28 

bottle  3 16 4 2 1 26 

Other paper  6 5 6 4 1  22 

Other metal  1 9 3 1   14 

Polystyrene pieces  5 4 2 1 1  13 

other litter items  6  1    7 

Synthetic rope     2 1 3 6 

Beams / Dunnage       5 5 

crate / basket    2  2 1 5 

Other rubber  2  1   2 5 

Wood boards       4 4 

Cans   2 1   3 

Fishing net    1  1  2 

Tyres and belts     2   2 

Balloons   1    1 

Balls     1   1 

Buoys    1   1 

Clothing     1  1 

Newspapers & magazines     1   1 

Other textiles      1   1 

Rubber boots    1    1 

Total by size 193 131 134 74 19 38 591 

        
litter patch >20 items  4   4     2 10 

        

Non-Litter items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm 

> 
50cm 

Total by 
Items 

Other wood  10 9 19 9 4 8 59 

feathers  3 11 1   15 

Other non-litter items   2 1 1     4 

Total by size 10 14 31 11 4 8 78 
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Table VII.2.10. Floating Marine Macro Litter - data. JOSS GE-UA (1-4 June 2016). 

 Size categories  

        

Litter Items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm 

> 
50cm 

Total by 
Items 

Other plastic/polystyrene 
items 203 59 64 26 7 8 367 

Foam  56 7 9 2  3 77 

Plastic pieces  48 15 5 3   71 

cover / packaging  20 20 13 4 3 1 61 

other non-litter items  34 2 2    38 

bag 2  10 8 2 6 28 

Other paper  8 7 5 1   21 

Polystyrene pieces  14 3 1    18 

Other metal  4 5 5   1 15 

crate / basket  1 4 6 3   14 

Synthetic rope   3 3   4 10 

Other rubber  4 1 1 1  2 9 

bottle   7    7 

litter patch >20 items  2 2 1    5 

Wood boards      1 3 4 

Beams / Dunnage     1  2 3 

Fishing net    1  1  2 

leaves 2      2 

Cans    1    1 

Paper packaging     1   1 

Rubber boots      1       1 

Total by size 400 139 152 53 15 39 798 

        
litter patch >20 items  1 2   2     5 

        

Non-Litter items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm 

> 
50cm 

Total by 
Items 

Other wood  2 11 17 3 1 9 43 

feathers 1 4 10       15 

Total by size 2 11 19 3   4 39 
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Figure VII.2.7. Floating Marine Macro Litter – bar graph. a) JOSS GE-UA (24-27 May 2016) 

and b) JOSS GE-UA (1-4 June 2016). 

 

Figure VII.2.8. Floating Marine Macro Litter - map. JOSS GE-UA (24-27 May 2016) and JOSS 

GE-UA (1-4 June 2016). 
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Overall still improvements to the applied methodologies, leading to more comparable 
results, need to be made. The results are very sensitive to the observation track width and 
the distance covered by the visual observations. It is important to track the ship path during 
the monitoring sessions indicating the start and the end of the visual observation. 

  

VII.2.2 Riverine litter 

Rivers are expected to contribute significantly to macro and micro litter present at sea. Within 
the MSFD implementation strategy an overview on methodologies for the monitoring of 
riverine litter has been prepared (JRC 2016). EMBLAS II has assessed Riverine Litter in rivers 
from Ukraine, Russia and Georgia through collaboration with the JRC project RIMMEL (JRC 
2015). During the Marine Litter workshop in Istanbul (April, 2016) it was suggested for EMBLAS 
countries to choose several rivers for each country which flow into the Black Sea and to make 
regular bi-weekly visual observations from bridges or side platforms by means of the 
observers using JRC Tablet App: Floating Litter Monitoring (FigureVII.2.9.). 

 

Figure VII.2.9. The interface of Floating Litter Monitoring App. 

EMBLAS-II proposed to monitor 8 rivers for 1 year to obtain the appropriate data: 4 in 
Georgia, 3 in Russia and 2 in Ukraine (Tab.VII.2.11., FigureVII.2.10.).  

 

Table VII.2.11. Rivers selected for monitoring and their characteristics. 

 

River Country Annual average flow, m³/s Watershed size,  km² 

Chorokhi Georgia 278 22100 

Supsa Georgia 50,1 1 130 

Natanebi Georgia 24,5 657 

Rioni Georgia 405 13 400 

Don Russia 935 425 600 

Ashamba Russia 1 44,3 

Aderbievka Russia 1 73,5 

Dniester Ukraine 310 68 627 

Danube Ukraine 6700 817 000 
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Figure VII.2.10. Map with selected rivers. 

 

VII.2.2.1 Georgia – Rivers: Chorokhi, Supsa, Natanebi and Rioni. 

The following results are related to the 4 monitoring data files received up to 31 January 2016 
from Rivers Chorokhi, Supsa, Natanebi and Rioni (1 data set for each river) in Georgia, which 
correspond to 3 hours and 5 minutes of visual observations (Tab.VII.2.12., Figure VII.2.11.). 

Table VII.2.12. Riverine Floating Macro Litter - data. Georgia – Rivers: Chorokhi, Supsa, 
Natanebi and Rioni – 1 monitoring sessions from each river (Oct 2016). 

 Size categories  

        

Litter Items 
2.5 - 
5cm 

5 - 
10cm 

10 - 
20cm 

20 - 
30cm 

30 - 
50cm 

> 
50cm 

Total by 
Items 

Plastic bottle 2 1 10 18 6   37 

Bag 17  1 5  1 24 

Litter patch >20 items 11 2 5 5  1 24 

Paper packaging 11 1 6 2   20 

Plastic container 1  4 6 3 1 15 

Polystyrene pieces 2.5 cm - 
50cm 7 1 3 3   14 

Pallets 2  2 2  1 7 

Other rubber  1 2 1  1 5 

Cover / packaging 2      2 

Synthetic rope   2    2 

Foam   1    1 

Other paper   1    1 

Plastic pieces > 50cm   1    1 

Wood boards   1    1 

Total by size 53 6 39 42 9 5 154 
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Figure VII.2.11. Riverine Floating Macro Litter - bar graph. Georgia – Rivers: Chorokhi, 

Supsa, Natanebi and Rioni – 1 monitoring sessions from each river (Oct 2016). 

 

VII.2.2.2 Russian Federation - River Don (Sept 2016 – Jan 2017) 

The following results are related to the 11 monitoring data files received up to 31 January 
2016 from River Don in Russia, which correspond to 4 hours and 50 minutes of visual 
observations (Tab.VII.2.13., FigureVII.2.12.). 

Table VII.2.13. Riverine Floating Macro Litter - data. Russia, River Don – 10 monitoring 
sessions (Sept 2016 - Jan 2017). 

 Size categories  

        

Litter Items 
2.5 – 5 
cm 

5 – 10 
cm 

10 – 20 
cm 

20 – 30 
cm 

30 – 50 
cm 

> 
50cm 

Total by 
Items 

Bag 4 2         6 

Other paper 5    1  6 

Paper packaging  4     4 

Plastic bottle  2 1 1   4 

Cover / packaging 1 2     3 

Polyurethane granules 
<5mm 2  1    3 

Plastic pieces 2.5cm - 
50cm  1 1    2 

Foam 1      1 

Pallets    1   1 

Plastic pieces > 50cm 1      1 

Rope / string and nets    1   1 

Wood boards  1     1 

Total by size 14 12 3 3 1   33 
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Figure VII.2.12. Riverine Floating Macro Litter - bar graphs. RF, River Don – 11 monitoring 

sessions (Sept 2016 -  Jan 2017). 

The visual observation of riverine litter provided results and litter items could be identified 
and reported through the App.   

 

VII.2.3 Beach litter 

During the Marine Litter workshop in Istanbul (April, 2016) a training for beach litter 
monitoring was conducted by the Marine Conservation Society.  Several surveys have been 
made using this methodology. Later it was decided to use for this purpose the European 
Environmental Agency application for beach litter monitoring and the training was organized 
as a skype web-conference. The App is based on guidelines (JRC 2013) provided by the MSFD 
Technical Group on Marine Litter. In October 2016 in each EMBLAS country in the frame of 
the Black Sea Clean beach Day campaign the beach litter monitoring was organized with 
general public participation. The EEA Litterwatch application (MarineLitterWatch App) has 
been used for acquisition of the data. All 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” but some were registered on paper 
protocols furthermore each country had an opportunity to test the EEA mobile application 
(Tab.VII.2.14.). 

Table VII.2.14 Beach litter EMBLAS campaigns 

Country Date Region Data format 

Georgia 18.10.2016 Sarpi, close to Turkey border Paper protocol 

19.10.2016 Northern end of Kobuleti Paper protocol 

30.10.2016 Batumi MarineLitterWatch App 

Russia 30.07.2016 Anapa Paper protocol 

4.08.2016 Gelendzhik Paper protocol 

30.07.2016 Taman’ Paper protocol 

07.10.2016 Sochi MarineLitterWatch App 

Ukraine 24.10.2016 Kinburn MarineLitterWatch App 

 09.02.2017 Odessa Paper protocol 
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VII.2.3.1 Georgia 

In the frame of the EMBLAS project the Iv. Javakhishvili Tbilisi State University (TSU) 

translated the “Guidance on Monitoring of Marine Litter in European Seas” (JRC 2013) into 

Georgian, in order to support local operators. It was used also for beach monitoring activities 

in 2016. The results were represented in a detailed report. Surveys were done by the 

Scientific Research organization GAMMA in collaboration with TSU. Two different sites were 

selected (Sarpi and Kobuleti). The results are shown in the figures and table below (Figure 

VII.2.13.-14., Table VII.2.15.). 

Table VII.2.15. Main litter categories for Sarpi and Kobuleti Northern Periphery beaches 

Beach Litter Categories Sarpi, 50 m % Kobuleti N.P., 50 m % 

Plastic 516 61,14 1422 91,15 

Rubber 43 5,09 30 1,92 

Clothing (clothes, shoes) 28 3,32 52 3,33 

Paper/Cardboard 13 1,54 0 0,00 

Processed/worked wood 12 1,42 8 0,51 

Metal 153 18,13 18 1,15 

Glass/ceramics 49 5,81 6 0,38 

Other/ 30 3,55 24 1,54 

Total 844 100 1560 100 

Based on the results of the survey it can be concluded, that the highway represents the main 
source of waste on Sarpi beach due to the permanent traffic jam on the border.  This waste 
mainly consists from food and food containers, cans and sweet/crisp wrappers, drink bottles, 
as well as spoiled car parts. It is obvious, that all these waste gets to the beach from the road 
and not from the sea side. This part of Georgian beach was selected with the aim of 
identification of trends of transboundary impact of litter. The survey did not show us expected 
impact. Accordingly, road transport and municipal infrastructure represents the main source 
of this beach litter. 

 

Figure VII.2.13. Composition of beach waste. Sarpi 
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  Figure VII.2.14. Beach waste composition. Kobuleti 

 

VII.2.3.2 Russian Federation 

Within the EMBLAS-II 4 beach monitoring events were conducted on Russian coast (Figure 
VII.2.15.-18.). All of them were done according the “Guidance on Monitoring of Marine Litter 
in European Seas” (JRC 2013). 

.  

Figure VII.2.15. The monitoring site in the 
Kerch strait (Taman’). 

Figure VII.2.16. The monitoring site  
near Anapa 

 

Figure VII.2.17. The monitoring site  
near Gelendzhik 

Figure VII.2.18. The monitoring site  
near Sochi 
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During three of them (Anapa, Gelendzhik, Taman’) the Marine Conservation Society (MCS) 
paper protocols were used. On the Figure VII.2.19. are shown the examples of beach litter 
monitoring results with filling the MCS paper protocol presented in Istanbul ML workshop. 

 
Figure VII.2.19. MCS protocols. 
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The results obtained from EEA database during Black Sea Clean Beach day in Sochi are 
reflected on the Figure VII.2.20. As shown it is possible to see the distribution of ML by 
material and to identify the top 10 ML items and also to quantify a total amount of collected 
items. It’s also possible to download from the site all metadata. 
 

 

Figure VII.2.20. Results of beach litter monitoring from EEA 

VII.2.3.3 Ukraine 

Within the EMBLAS-II activities for beach litter monitoring in Ukraine a monitoring site near 
Odessa (Chernomorka) was selected and the survey conducted according to the “Guidance on 
Monitoring of Marine Litter in European Seas” (JRC 2013). Top 10 found items and distribution 
by material are shown on bar graphs below (FigureVII.2.21.-22.). 

 
Figure VII.2.21. Distribution by material 
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Figure VII.2.22. Top 10 found items. 

Furthermore, in the frame of the EMBLAS project, major beach litter watch campaigns were 
conducted in all countries-participants of the project. They were well organized and combined 
with public awareness raising activities providing an added value. Experience in using the EEA 
App with large amount of volunteers was acquired and can be used in next marine litter 
monitoring campaigns. 

 
Figure VII.2.23. An example of comparing data from beach litter monitoring in 2016. 

On the example of comparing data from beach litter monitoring in 2016 is shown in Figure 
VII.2.23. Litter density varies from 102 to 780 items per km2. The average is 317 items per 
km2. 
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VII.2.4 Sea bottom litter collected by dredge or divers 

Litter items denser than water and others changing their density through biofouling litter the 
seafloor. Within EMBLAS II pilot surveys it was planned to employ dredges and divers to 
collect litter from the seafloor. Due to different technical obstacles, no valuable results were 
achieved during EMBLAS activities in 2016, nevertheless the considerable experience will be 
taken in account during the EMBLAS surveys 2017. 

 

VII.3 Results and discussion 

Floating litter 

Concentrations of floating litter at sea have been found to be highly variable, though still the 
influence of not yet harmonized observation approaches cannot be excluded. In some parts 
of the Black Sea very high concentrations, exceeding 201-810 items/km² have been 
encountered, in others average concentrations between 4 and 30 items/km². Suaria et al. 
(2015) found between 30 and 136 items/km² in the north-western Black Sea, thus 
significantly less than the monitored peak concentrations. It has to be mentioned that these 
are one-off surveys, so confirmation by further monitoring with harmonised approach is 
needed. 

Riverine Litter 

Litter fluxes through rivers entering the Black Sea have been monitored in Georgia and 
Russia. Obtained data showed between 6 items/hour (Don River) and 50 items/hour 
(average of Georgian rivers). Due to the limited number of observations, data from Georgian 
rivers have to be regarded as preliminary. Observation conditions and approaches need to 
be further harmonized. 

Beach Litter 

Beach litter monitoring has been conducted in all three EMBLAS countries. The results are 
variable and there is not enough information to make any appropriate conclusions 
concerning its distribution, however, in-depth analyses can show some differences in litter 
amount and type and could be used in determination of the probable sources of littering. 
Anyway further harmonization of protocols, approaches and temporal coverage is needed to 
provide reliable data.  

 

VII.4 Conclusions 

• Marine litter, in particular plastic litter, is present in all Black Sea areas. 

• Concentrations on the beaches and the sea surface are very variable. 

• Concentrations of litter in some areas are extremely high. This requires urgent follow-
up actions for confirmation and measures. 

• Monitoring organization, protocol implementation and reporting still needs to be 
improved. 
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VII.5 Gaps 

Spatial coverage 

To date, in the start-up phase, including past surveys and EMBLAS II work, no sufficient area 
coverage of the Black Sea has been achieved. Further efforts will be needed to identify litter 
gradients and for identification of hot spots and in particular potential source areas. 

Further harmonisation 

The first year of the EMBLAS II litter monitoring has been characterized by steep learning 
curves. At all organizational levels first efforts have been made, supported by workshops and 
training courses, including on-line webinars. Monitoring protocols have been identified and 
need further development for implementation. Next steps should include ongoing 
harmonization among Black Sea monitoring participants between countries and for 
comparison of results, with other areas at international level.  

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. 

VII.6 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. 

• Perform a detailed analysis of monitoring approaches for identification of potential 
hindrances for acquisition of comparable data. 

• 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 first 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 Summary of progress 

So far, the 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 Black Sea Surveys 2016. 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. For the 
first time 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.  

The results allowed for assessment of impact of invasive species, which are becoming an 
increasingly disturbing factor for maintaining the balance in marine biodiversity. 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 DG 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 55 sampling sites spread across the sea were 
screened for presence of more than 2000 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. 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.  

First trials in marine floating litter monitoring have shown that the Black Sea may be one of 
the most polluted European seas, however, this should be confirmed using harmonised 
methodologies. Also, test sites monitoring of an input of the floating litter from the major 
rivers entering the sea was carried out. More data are needed to come with any specific 
conclusions and recommendations. An urgent need to extend the monitoring for microplastics 
in the marine environment was identified. An overview of the pollution of Black Sea beaches 
by marine litter has been obtained via screening campaigns using European Environment 
Agency (EEA) methodological support.  

A systematic marine mammals monitoring, as an important part of the MSFD implementation, 
took off finally within the EMBLAS-II. The first results are promising, however, more data are 
needed to complete the picture. 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 
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cause an environmental disaster if not properly monitored, understood and prevented on 
time. The metagenomics analyses of sediment samples taken at more than 2000 m depth has 
shown that there are bacteria able to degrade organic pollution, which was confirmed by 
relatively low levels of pollution by organic chemical pollutants. All of the above are indicative 
results and should be confirmed. 

The project achieved exceptional results in the area of public awareness and visibility. Besides 
several press conferences with strong media coverage, e.g. for the monitoring cruise in Odessa 
and in Batumi in May 2016 (three more are planned during 2017), the project organized 
educational campaign on Environmental Sentinels in each country in summer-autumn 2016. 
In addition 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' 
to be signed between Ukraine and Georgia at the governmental level.  

 

VIII.2 Gaps and Recommendations 

There is a need to continue with the high quality level of scientific work, in particular related 
to the 2nd 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 verify the results of the Surveys 2016. 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 VIII.2.1. 
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Table VIII.2.1. 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;  



Scientific Report – Joint Black Sea Surveys 2016 

 

472  

No.*a Project activity / Current 

commitments 

Extended proposed commitments / Justification 

(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 
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No.*a Project activity / Current 

commitments 

Extended proposed commitments / Justification 

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 

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 
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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;  
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• 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. 

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 the 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. 
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