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Executive summary

Large and growing human populations on the coastal fringe of all continents is the most important
pressure on coastal ecosystems, particularly to the human activities generating wastes, including
sewage, to coastal waters (Koop & Hutchings, 1996). Degradation of marine and coastal ec osystems
can be seen in the Baltic, Black and Mediterranean Seas and the North -East Atlantic and even Arctic
Oceans. Effects on the environment are a consequence of meeting our immediate human needs.
However, they impact species and habitats that have evol ved over thousands, if not millions, of years
fi sometimes irreversibly. These impacts are related to the high and increasing po pulation densities
along Europe's coasts, fishing, agricultural and industrial chemical pollution, tourism developments,
shipping, renewable energy infrastructures and other maritime activities. Although Europe's seas are
productive, they cannot be conside red healthy, clean, or undisturbed !. Effects on the marine
environment from discharges may take many years or even decades to bec ome manifest (Koop &
Hutchings, 1996).

The coastal zone of the Black Sea riparian countries represents an extremely complex social -
ecological system, which is developing and functioning under the pressure of interdependent

political, social, environmental, economic, cultural, governance, and other factors. The economic
activities directly connec ted to the Black Sea comprised the following key sectors: shipping and ports,

fishery, to urism, and oil &gasrelated activities . There is a quite intense expansion of urbanized areas
and related infrastructures in all B lack Sea countries. Thus, the built -up areas almost doubled within

the 10 km strip buffer zone located along the Black Sea coastline in the period 1992 -2014. Urban
expansion towards and along the coast mainly adjusted to big cities is of 4 % coastal area in Georgia
and up to 12 % in Turkey?, urbanization becoming an important pressure on the coastal zone.

The social and economic conditions of the riparian states are not homogeneous: Bulgaria and Romania
are EU member states, Turkey is negotiating its accession to the EU, the Russian Federation is
implementing its social -economic policy, Georgia and Ukraine have declared an intention to the

accession to the EU. However, all the riparian states make a significant investment in the
enhancement of economic growth rates to improve the quality of life of their population (Papava V.,

2010). Economic and other kind s of human activities in the coastal region kept pressure during 2009-
2014 on the marine and coastal environment ongoing. Natural features of the region have increased
and the effect of this pressure.

The Black Sea is practically landlocked because has a very narrow connection with the ocean and
restricted opportunity to exchange marine waters with  the World Ocean. These circumstances make
the region especially vulnerable and sensiti ve to influence different natural and economic pressures.
The state of the natural component of the coastal zone of the Black Sea indicates that both terrestrial

and marine ecosystems are suffering from massive anthropogenic influence (UNDOC) caused by
different sectors of economic activities. In this regard, the shelf area of the North -Western part of
the Sea is an area of significant impact.

In general, the quality of coastal water is far away from the natural level due to the bad management
and bays, golfs and harbour area of large cities in particular (e.g., Constanta, Odesa, Sebastopol,
Novorossiysk, Poti, Batumi, Trabzon, Istanbul, Varna, etc.) are the most polluted areas in the Black
Sea (UNDOC).

Severe degradation of the marine ecosystem has started in the & 8 Gasd still ongoing despite
undertaken efforts of the Black Sea countries and the international community. Basic critical factors
affecting the marine environment in  the region, which were typical for the late decades of the 20 ™"
century are stil | in place. They comprise but not restricted to extensive use of terrestrial and marine
resources. In the Black Seacatchment, land and water are used for intensive agricultur e, forests for
the paper industry, and construction, rivers and the sea for navig ation and commercial fishing,
coastal resources for tourism, energy generation, transport infrastructure, constructi  on and other
industries. To meet increasing demands for oil and gas, coastal and marine areas used for pipelines
construction. As a result, natural landscapes are deteriorated and gradually replacing by
anthropogenic landscapes.

IKGGLIBYKK G 66 DSSH ©S dzNE LIaSSdifdien S50 S SN 28 GiaNR LIS it INER fy SF/dia
2KGGLIVKK 6 oTODBY A DEABY 02 NBKk ¢ KSHORYRNOK:HA{ Sl k{ 2042
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Another problem is the water quality. R i v eun-®ffs, oil and gas extraction activit ies, atmospheric
deposition, intentional and accidental discharge from vessels ar e the main sources of pollution. Rivers
flows are polluted by agriculture, industries, communal wastewaters, transport and  other sectors
located in the Sea basin. Over 300 riv ers running into the BS drain almost half of Europe and significant
parts of Eurasia. The main rivers are the Danube, Dnieper, and Don, which are the second, the third
and the fourth major European rivers.

The estimated maximum annual river discharge enter ing the Black Sea and Azov Sea is of 480 kni.
Polluted rivers run -off causessufficient deterioration of the marine ecosystem. Sources of pollution
locate both at the coastal zone and the overall catchment area. Management of the impact requires
consolidated efforts of the catchment area states.

Pollution causesa direct and indirect impact on the marine ecosystem. In particularly, pollutions

represented by heavy metals, oil and other harmful substances are causing a toxic effect on biota
directly. Suspended solid particles decrease sun r a ypéretration through the water layer and thus
depressthe development of benthic biocenoses and pelagic algae and other organisms. Mineral and
organic fertilizers originated from agricultural fields stimulate microflora bloom (eutrophication) and
in such a way cause destructive effect and damage coastal water biocoenosis.

In general, the quality of coastal water is far away from the natural level due to the bad management
and bays, golfs and harbour area of large cities (e.g., Constanta, Odesa, Sebastopol, Novorossiysk,
Poti, Batumi, Trabzon, Istanbul, Varna, etc.) are the most polluted areas in the Black Sea (UNDOC).

Other factors of effects on the marine environment related to  the harbour and coastal activities.
Dredging, coastal and offshore construction (e.g., construction of o il/gas facilities, pipelines, coastal
protection installations, wave breakers, etc.) are harmful  to benthic communities, and directly and
indirectly deteriorate bottom landscapes and depress phyto plankton and benthic macrophytes
because of dumping huge amount of silty mud. Dredges and some fishing practices damage bottom
landscapes biocenoses and have a significant impact on the ecosystem. Unsustainable fisheries and
extraction of other living reso urces (e.g., the biomass of Phyllophora algae) are destroying the fish
stock and macrophytes fields. Decreasing of the population of fish species is provoking further
negative processes inthe marine ecosystem and unpredictably push ecosystem evolution .

Depressing biota of the marine ecosystem and decreasing its pr oductivity due to pollution of the
coastal water, coastal and bottom landscapes transformation activities, and unsustainable
exploitation of living resources still constitute one of the most probl ems of the Black Se a 6 s
environment.

The aim of the deliverab le is included in the name of the ANEMONE project - Assessing the
vul nerabil ity onarine bcesyskin to tikmanJeessares. The deliverable responds to
the specific objectives 2. Provi de new environmental monitoring data and information needed for
the assessments of the Black Sea state ofthe environment, including pressures and impacts, focusing
on filling the knowledge gaps identified at the national and regional level. Pilot studies on the various
pressures impact upon the coastal ecosystems in selected study areas were conducted - two hot spots
in Odessa region (WWTP South and WWTEity and port ChernomorsK); Constanta area: three harbours
(Mi di a, Const ahandonaVdVdTP Bfarie)gaad Sanasun port and WWTP area in Turkey.
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1 Short description of the hot spots
1.1 Ukraine

In the Ukrainian part of the Black SeaNorth western Shelf, the main load on the marine ecosystems
is determined by the flow of the main rivers: Danube, Dniester , and Dnieper, together with the

Southern Bug andother land-based sources of pollution. Among such sources there are two, which
are considered "Hot Spots" dthe wastewater treatment plants WWTPOdessa "Soth" and WWTPcity
and port Chernomorsk.

Th®WTP of the city Odessa " Sout

This station receives household wastewater from the southern part of Odessa(Kievsky district, Tairov
residential area, Chernomorka and the left bank of the Sukhoi Liman). According to statistical
reports, the population of this region is about 200 thousand people. The incoming water is purified
by passing a treatment plant and discharged into the Black Sea through a 2 km long deep -water
outlet. According to the data from the manag ement of "Infoxvodokanal", the annual volume of
discharge into the Black Sea is 26367729 n¥ of standardly treated wastewater.

The gqualitative composition of wastewater and the average annual concentration of the analyzed
parameters are shown in Table 1.1. The table shows for comparison the concentrations of the same

h n

hydrochemical parameters in the bottom layer of seawater at the discharge site, which were 2019

monitoringé s resul ts

Tabll.e-Average anmualatd ommse of hydrochemical parameters and
the Black Sea (tons/year) from WWTP of the city (

Paramet g Bott onayeconcentr att)|] Aver ageuColncentrgDischar
di schmoigret wastewmbgeélL tons/ ye

NQ 0.4 &M 220 58009

NQ 1.5 M 3784 99.75

NH 0.0 &M 7.9 9 21678

PO4 0.5 O™ 9.15 2426

Sul phat g 11.80 3077951

TSS 7.2 ng L 1175 30820

B OB 9.4 8 24975

COD 7 200 189487 6

Feg ot al 0.0 Smg L 0.10 2.6 3

Figure 1.1 shows diagrams of the annual discharge
from the WWTP Odessa "South".
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This station provides services for centralized water supply and centralized drainage to consumers of
Chernomorsk and nearby settlements (Oleksandrivka, Malod olynske, Burlacha Balka, Molodizhne,
Velykodolynske and other consumers of Ovidiopol district). A centralized water supply is provided to

100 % of the city's population. According to statistical reports,

inhabitants .

According to the data from the management of
discharge into the Black Sea is 3095439 m? of standardly treated wastewater.

the population of this region is 71 472

oChernomorskvodokanald, the annual volume of

The qualitative composition of wastewater and the average annual concentration of the an alyzed
parameters are shown in Table 1.2. The table shows for comparison the concentrations of the same

hydrochemical parameters in the bottom layer of seawater at the discharge site,

as for 2019

monitoringds results.
Tabll.e-Average annual concentrations of hydrochemical
the Black Sea from WWTP of the city and
Parameters |Bottdmy@mcent raatf Aver agreu@lncentrialDi scha
di schmpoigret wastewmygélL tons/ yg
NQ 0.0 M 0.13 0415
NQ 0.1 &M 8.17 2589
N H < 00 M 1.57 48509
PQ 0.1 M 6.13 18975
Sul phates 9 256 286507
Chl orides 19.88 59.85 2
Totmilner al i 6 0.8 6 187664 7
TS 7.4 3ng L 8.0 5 24918
BODR O 6.90 21370
COD 3386 102363
Fe ot al 0.02/gl 0.0 4 0124
TPHs 0.023 000

Figure 1.2 shows diagrams of the annual discharge of hydrochemical indicators into the Black Sea
from the WWTP of the city and port Chernomorsk.
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Conclusions

The volume of wastewater discharge from the WWT P & $ a@to the Black Sea is 8.5 times higher
than from the WWTPcity and port of Ch ernomorsk. Accordingly, the amount of chemicals entering
the marine environment is higher at the place of discharge from WWTP o0 Sout ho

However, this proportion is observed onl y for some parameters. Table 1.3 shows how many times

the WWT P 0 S o u ishréatef tlmaathat from WWTPcity and port of Ch ernomorsk. WWT P o0 Sout ho
significant ly contribut es to the marine environment's pollution and especially by nutrients (Table

1.3).

Tabft.d8-Comparison of | oads on the marine environment
Parameter gRat LoaWWTP SouWWTRher nomor sk
N-N @ 14.00
N-N Q 400
N-NH,4 420
PQ 12
S® 106
TSS 12
BOD 120
CcCOD 180
Fea ot al 210
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1.2 Romania

Ports dMidia, Constanta, Mangalia , and Eforie wastewater treatment plant

The Port of Constanta is located at the crossroad of the trade routes linking the markets of the
landlocked countries from Central and Eastern Europe with the Trans -Caucasus, Central Asig and the
Far East. It is the main Romanian port on the Black Sea, playing the ro le as the transit node for the

landlocked countries in Central and South -East Europe, located on the west coast of the Black Sea
about 179 nautical miles from the Bosphorus and 85 nautical miles from the mouth
waterway, through which the Danu be flows into the Black Sea.

of the Sulina

Port of Constanta has a total area of 3926 ha (Figure 1.3). It is divided into three subdivisions:

- Seaport with an annual handling capacity of 100 million tons, 140 berths served by allowing access

functional vessels with a capacity of 220000 dwt to,

- River port allows access to any type of river vessel having an annual handling capacity of 10 million

tons,

- Touristic port, a major milestone for passenger ships sailing along the Black Sea

The port complex consists of the old part to the North and the new part to the South. The North

part

is entirely operational and consists of 12 basins, water depth between 7 m and 14 m, 15.5 km of the

qguay and 82 berths. It has specialized terminals for ores, coal, crude oil and oil

products, cereals,

chemical products, rolled metals, containers, ge neral cargo, platforms, and warehouses.
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The South Port is partly operational. It has 14.6 km of quays, 74 operational

South area

Agigea terminal

berths and handling

capacity for containers, ores, coal, phosphate, crude oil, and oil products, roll ed metals, general

goods for platforms and warehouses. Part of the traffic is handled as ro -ro and ferry cargo. The South

Port encompasses the entrance to the Danube- Bl a ¢ k
important waterway, the Rin -Main-Danube corridor.
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The South Port has a dedicated river/maritime basin for the transhipment of cargo into river barges.
Of the cargo handled by Constanta, 80 %is bulk cargo. Of that, half is liquid bulk, manly  crude oil
and derivative products, and the other half is dry bulk, mainly iron, ore and nonferrous ores, coal,
coke, phosphate, apatite, and cereal. The general cargo consists of imports of industrial equipment,
foods, fertilizers and chemical products, clothes and electrical appliance and exports of fur niture
and wood products, metal products, fertilizers , and chemical products, foodstuff, textiles, glass
products and cars.

The two satellite ports of Constanta are Midia, located 25 km north of the Constanta and Mangalia,
38 km to the south. Both perform a vital function in the plan to increase the efficiency of the main
port's facilities - and both are facing continuous upgrading to meet the growing demands of cargo
owners. In 2008 the traffic achieved by the two satellite ports was 4 % from the general traffic, 96 %
being achieved by the Port of Constanta.

The two satellite ports , Midia and Mangalia, are part of the Romanian maritime port system under
the coordination of Maritime Ports Administration SA Constanta.

Midia International Port ( N 0 v o ¥l ia oné of the Romanian maritime and river ports, located in south -
western Romania, approx. 13.5 nm north of Constanta, with direct access to the Black Sea and the
Danube to the Black Sea (Figure 1.4). It is one of the satellite ports of Constanta and was designed

and built to serve the adjacent industrial and petrochemical facilities. The terminal has a good
geographical position, being o ne output port to Europe and import -export basis only live animals in
Romania. The Danube is one of the best modes, representing an effective alternative to congested

road and rail transport in Europe. Since the @0s, has become the establishment of a liv estock loading
terminal, the ship and cargo, the Port Basic Special unique animals. Due to heavy traffic  and
commercial demands of countries in eastern, western , and central Europe, it was necessary to smooth
traffic of goods from the port of Constanta, th is determining design and execution of a livestock
export bases in Midia port.

Fi gurdéPort ofhMipgsa/ {www. portofconstantza.com/ pn/ page/ np

The north and south breakwaters have a total length of 6 .97 m. The port covers 834 ha, of which 234
ha represents land and 600 ha, water. There are 14 berths (11 operational berths, 3 berths belong to
Constanta Shipyard) with a total length of 2 .24 km. Further to dredging op erations performed the
port depths are increased to 9 m at crude oil discharging berths 1 -4, allowing access to tankers having
an 8 m maximum draught and 20000 dwt.

Midia International Port has an annual operating capacity of about 60000 tons, being served by four
berths, all o perational. The total length of the piers is 350 m and 8.5 m deep, being able to perform
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the loading operation of four ships simultaneously. Main cargoes operated: crude oil and derivatives,
agribulk, LPG and metallic products.

The Port of Mangalia is loc ated on the Black Sea, close to the southern border with Bulgaria. It has
an area of 142.19 ha, of which 27.47 ha is land and 114.72 ha is water (Figure 1.5). The north and
south breakwaters have a total length of 2.74 km. There ar e 4 berths (2 operational) with a total
length of 540 m. The max imum depth is 9 m. The main cargo: chemicals, fertilizers, bitumen, general
cargo.

‘&ta

\ ‘ Port of
~ ‘ hdangaha//

= \ : /4

) A% //
P/

Fi guséPort of Muatntgpas :i/a/ www. p ozrat.ocfocno/npsnt/apnatge/ np _)prezentar e

All three ports have also WWTPs and industrial sources discharging into their waters & Rompetrol
Rafinare, WWTP Constata Sud, WWTP Constanta Port, and WWTPMangalia

WWTP Eforie

WWTP was completely rebuilt and equipped w ith the tertiary stage including the biological removal
of nitrogen and phosphorus and is one of the most modern from Romania. The wastewater is
discharged into the Black Sea through a 2 km pipeline.

Benefits d compliance of waste water quality with EU rul es & directives; both superior level of
construction technologies and supplementary measures for treated Waste water discharge into the
Black Sea at approx. 2 km from shore; assurance of protection co nditions for Black Sea continental
shel f 6s f aawmmddatheng watefs froon southern Romanian littoral; collect and treat sewage
from Eforie Nord, Eforie Sud, Agigea, Techirghiol, Costinesti and Schitu being integrated into the
sewage system (140000equivalent people). Now, due to the tertiary stage, WWT P Eforie Sud is one
of the most modern from Romania with the flow within 0.518 80.745 m%s, with a significant decrease
of TSS, BOR, ammonium and total nitrogen loads.

1.3 Turkey

1.31Samsun hardaur

In the Black Sea region of Turkey, pollutants including co ntaminants arise from numerous
anthropogenic sources such as landbased industrial and agricultural activities, pollution by ship,

atmospheric deposition and mineral exploration and riverine in puts. They include synthetic
compounds, such as pesticides, and hon-synthetic compounds, such as metals, dispersed by industrial
processes, and polycyclic aromatic hydrocarbons, dispersed by combustion and oil spills.  Nutrient
and organic matter enrichme nt is very high in Turkish Black Sea coastal areas. Insufficie nt
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wastewater treatment, marine outfall discharges and river inputs  are the principal sources of input.
In addition, solid wastes (storage areas by the coast) are causing problems in the coastal areas. High
sedimentation rates at several fishing ports mean that dredging is a frequent activity, causing the
release of sediment-trapped nutrients back into the water column.  Some localized activities, such
as agriculture (with associated erosion), s and/gravel extraction, industry and aquaculture also
contribute to eutrophication along the Black Sea coast.

Samsun is one of the major cities bordering the Turkish Black Sea coa st. The city has an approximate
population density of 220 capita/km 2 (TUIK 2018), the average amount of wastewater per capita was
1.4 kg/day and the amount of municipal waste collected was 57592 ton nes/year. Since the
landscapes of the Black Sea region are not suitable to construct wastewater treatment facilities,
some of the citi es use the sewerage system directly disposing of deep marine outfalls but most of the
small settlement areas used septic tanks or package biological treatment. Samsun has both combined
and separate systems draining the city (Bakan et al ., 1996). Besides this, solid wastes deposited in
coastal areas may cause pollution problems.

Generally, industrial facilities are low in number in the Black Sea region of Turkey. Copper and

iron/steel production are important industrial sectors in Samsun and its  surroundings. Other

industries are food manufacturing, manufacture of fer tilizers, pesticides, resins, plastics, tobacco

and textile. The Samsun harbour with the 14 million gross tones capacity (MoT&C , 2019) is an

important transportation centre for thes e industries, as well as for the fertilizer industry in Samsun.

Theportwas assessed as ohighly densedé in terms of ship t

Eutrophication based pressure-impact analysis in the Black Sea was undertaken in the DEKOS Project
Thewater bodies under the impact of Yel il éidentdidd ag
the highest-pressure area. The city with point sources on the BS coast has been specified as one of
t heHod s ar@as @mong other coastal cities® (EU HotBlackSea Poject) . These coastal waters
(water bodies) are al so ddguwdegthedWgVED) mm 2015 Fhesecoastali ve 6 ar
areas are defined as mesotrophic/eutrophic according to their average DIN, TP, bottomw ater oxygen

saturation and chlorophyll a concentrations. They have a relatively limited exchange/mixing with

waters further offshore, with phytobenthos and zoobenthos results suggesting moderate levels of

impact. Marine benthic macrophytes are used as indicators for the assessment of ecological status.

The ecological status of stations along the Black Sea coast was assessed (MoEU & TUBITAKIRC 2015)

using the Ecological Evaluation Index. According to the ecological status levels of the Black Sea

coasts, the lowest values were usually observed at the stations including Samsun.

ver an

Dredging of the bottom sediments for the deepening of the ports/harbours and dumping of dredged
material in coastal waters has been a common practice, especially concern ing fishing ports and
industrial harbours such as Samswn. Release of the harmful substances from the contaminated
dredged material is considerable pressure on the marine environment (Tolun etal. , 2015, Tan et al.
2015).

Contamination from thermal power p lant wastes such as ashes and slagis another important issue.

The nitrogen plant at Samsun, use |ignite at ¢atal al:
environmental matrices such as sediment, soil and water (Bat. et al. , 2018). Maritime activit ies

including port and harbo ur facilities are another s ource of pollution for the Samsun area.

Contaminants such as Petroleum Hydrocarbons and other chemicals transported represent a risk to

the aquatic environment when they released accidentally or durin g handling operations (Bat et al .

2018,). A furthermore significant amount of pesticide usage in agricultural activities was reported

for Samsun province in 2015 (MoEUY 2016). Studies have shown that the concentrations of the OCs

and PCBs in mussels werehigher in coastal areas close to the largest city of th e region, the Samsun

harbour area (Kurt & Ozkoc, 2004).
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2 Pelagic habitats
2.1 Phytoplankton

211Ukr ai ne

For the analysis of Ohot spotsd of Odessa surroundir
discharge from WWTP city and port Chornomorsk (ShwW_UA 2) and inthe place of discharge from
WWTP Odessa "South" (ShwW_UA_3).

In the place of discharge from WWTP city and port Chornomorsk, were found 33 species belonging to

7 classesand in the place of discharge from WWTP Odessa "South" 32 species of 7 classegAnnex C).

The taxonomic structure of the phyt opl ankt on community of Odessa regi
Figure 2.1. The values of the Shannon index were relatively high. In the place of discharge and port

Chornomorsk, the index was 1.42-1.60, lower than the area under the WWTP Odessa "South"

influence dwhere the index value was 2.37-2.47.

= Bacillariophyceae u Bacillariophyceae

Chlorophyceae Chlorophyceae
= Cryptophyceae Chrysophyceae
= Cyanophyceae

\ Dictyochophyceae

= Dinophyceae

Cryptophyceae
= Cyanophyceae
= Dinophyceae

= Prymnesiophyceae = Prymnesiophyceae

a b
Fi g®rleTaxonomic structure of phytoplankton comMumbidiyty n t he
and port Chornomorsk (a) and the place of discharge from \

The phytoplankton abundance and biomass in the area under the WWTP and Chornomorsk harbour
influence were rather low. In the place of discharge and port Chornomorsk, the abundance was
103410° -1653510° cells/ L, the biomass 404-1 302 mg/ m?, in the place of discharge from WWTP Odessa
"South" it was 6031L0° -151510° cells/L, and 34-171 mg/ m?, respectively.

According to the indicator of phytoplankton biomass, the ecological state of the environment in the

pl ace of discharge from WWTP Odes siathe phcewtdschargpay be a:
and port Chornomors k, as 0 hi-lghtét aam Inaeyaer a ntie stirfacedager, averagé i n
assessment is 0goodo¢.

The index of Menhinick in t he place of discharge from WWTP Odessa "South" was 067-0.069, in the
place of discharge and port Chornomorsk 0.060-0.069, whi ch corresponds to omoder a
status class (Monchevas., 2016).

In the autumn, i n the Bdessarkgon,the polg-domidantadmplex of phytoplankton
with high Shannon biodiversity index and rather low biomass of microalgae develope d. The state of
themari ne environment there maygmedassessed as o0higho

However, for a more complete picture, it is ne cessary to conduct year-round monitoring and
assessment of the water area based on long-term observations, especially in the summer, when the
load on wastewaters treatment stations increases significantly due to the hot weather and a large
number of touris ts.
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A total of 73 species, varieties and forms were identified inside and outside Midia harbour belonging

to 10 taxonomic classes (Annex C). The phytoplankton community was mainly composed of
dinoflagellates 0 38 species (45 % of the total ) and diatoms & 21 species (27 %). The classes
Clorophyceae and Cyanophyceae contributed with 8 % and 5%, respectively. The other classes
(Chlorodendrophyceae, Cryptophyceae, Dictyochophyceae, Ebriophyceae, Euglenoidea and
Prymnesiophyceae) were represented only by 1-3 species. Among dinoflagellates species, genera
Protoperidinium (4), Gymnodinium (3), Prorocentrum (3), Glenodinium (3), Tripos (3) were the most
diverse species. Among diatoms species, genera Nitzschia (4) and Thalassiosira (3) reached the
highest species diversity ( Figure 2.2).
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The number of species varied between 34 (MD-B) and 47 (MBC). Even though the diversity in MD-B
was slightly lower than in the other stations, there was no significant difference between the diversity
inside harbour (MD-A) and the control station, MD -M.

The average abundance of phytoplankton varied between 65.20 &10° cells/L and 258.20 &10° cells/L
and the average biomass, between 149 mg/m % and 468 mg/m3 (Figure 2.3).

Average biomass (mg/m 3) Average density (10 2 cells/L)
0 100 200 300 400 500 0 100 200 300
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Phytoplankton average abundance recorded in the control station (MD -M, 2 5 83 celig/iy) was
approx. 2-4 times higher than in the outer stations, MD -B and MDC ( 6 50° @lsA land 118.50
cells/L, respectively) and 3 times higher than in the inner station, MD -A ( 7 5 2 QellsA)l UThe
values of average biomass (Figure 2.3), in the inner and outer harbour stations , were 2-3 times lower
(between 149 mg/m 2 and 236 mg/m?) than in the control station (468 mg/m 3).

Phytoplankton ¢ o mmu n i taxon®midstructure (Figure 2.4) was featured by the dominance of
diatoms (Bacillariophyceae) in the abundance (contributing up to 84 %) while in the biomass,
dinoflagellates represented most of the assembly (~77 %). Even though the contribution of the 0 Gher
classe® was lower in the average biomass (2-15 %), in the average density they accounted together
a higher contribution than the dinoflagellates (between 24-39 %) in the inner and outer stations (MD-
A, B and C). In the control, they represented only 5 %.
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ur e
Mi di a, September 2019

The bulk of phytoplankton abundance was mainly represented by the development of a common
group of diatoms ( N. delicatissima, Leptocylindrus minimus, N. tenuirostris, Synedra nitzschioides  f.
nitzschioides, Lennoxia faveolata ) and dinoflagellates ( Prorocentrum cordatum, P. micans,
Gymnodinium sp.), found in similar proportions in the outer harbour stations, MD -M and MDC. The
exception of the species distribution in the outer stations was the presence of the  freshwater
cyanobacteria, Pseudanabaena limnetica, a potentially toxic species ( Preece et al., 2017). P.
limnetica represented up to 23 % and it was present only in MD-B. In the inner station, MD -A, the
species proportion was distinct, the community is mainly formed by the diatom, Nitzschia tenuirostris
and the cryptophyte Hillea fusiformis (Figure 2.5).
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The phytoplankton community biomass (Figure 2.6) was mainly composed of P. micans (up to 44 % on
MDC), a dinoflagellate considered an indicator of eutrophication (Dorgham et al., 1987). Other
important dinoflagellates were Protoperidinium granii (up to 16 % on MBB), P. depressum, P. steinii,
Tripos fusus, T. muelleri . The species of Tripos genus were found only in the outer stations.
The diatoms biomass contributed with the highest share (up to 14 %) were Thallassiosira subsalina
(on MD-A) and Coscinodiscus radiatus(on MD-B). The cryptophyte, H. fusifo rmis and the chlorophyte,
Pseudopediastrum boryanum were present with 4 % respectively, 8 % of the total biomass, only in
50 = < @ Q
[a] [a)] [a] [a]
= = = =
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Port of Constanta

A total of 68 species, varieties and forms were identified insi de and outside Constanta harbour
belonging to 11 taxonomic classes (Annex C). The phytoplankton community was mainly composed of
dinoflagellates 0 36 species (53 % of the total) and diatoms 0 18 species (26 %). The classes
Clorophyceae and Cyanophyceae corributed with 3 % and 4 %, respectively. The other classes
(Chlorodendrophyceae, Cryptophyceae, Dictyochophyceae, Ebriophyceae, Euglenoidea and
Prymnesiophyceae) were represented only by 1-2 species. Among dinoflagellates species, genera
Protoperidinium (5 ), Gymnodinium (3), Prorocentrum (3), Glenodinium (3), Tripos (3) were the most
diverse. Among diatoms species, genera Nitzschia (3) and Thalassiosira (3) reached the highest
diversity ( Figure 2.7).
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The number of species identified varied between 43 (CT -C) and 52 (CT-M). There were no significant
differences between the diversity inside the harbour (CT-A, 49 species) and the control station,
CT- M.

The average abundance of phytoplankton varied between 54 . 2 8czlls/D and 12 6 celisfLa 10
and the average biomass, between 130 mg/m ® and 468 mg/m?3 (Figure 2.8), the highest values being
found in the inner harbour station (CT -A) and the lowest in the outer station (CT -C).

Average biomass (mg/m 3) Average density (10 3 cells/L)
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Phytoplankton ¢ o mmu n i taxomomid structure around Constanta harbour (Figure 2.9) was
featured by the dominance of diatoms (Bacillariophyceae) in the abundance (contributing up to 74

%) while in the biomass, dinoflagellates represented the majority of the assembly (~80 9%). Even
though the contribution of the other classes was lower in the average biomass (1 -7 %), in the average
density they accounted together a higher contribution (19 %) than the dinoflagellates in th e outer
stations (CT-B and C). In the control and the inn er station, they represented 9 %and 7 %, respectively.
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The bulk of phytoplankton abundance ( Figure 2.10) was mainly represented by the development of a
common group of diatoms (N. delicatissima, Synedra nitzschioides, N. tenuirostris, Lennoxia
faveolata, Tha lassiosira parva) associated with dino flagellates ( Prorocentrum cordatum, P. micans,
Gymnodinium sp., Gonyaulax ceratocoroides), found in similar percentages in the outer harbour
stations, CT-M, CT-B and CT-C. The exception of the species distribution in C onstanta harbour stations
was the presence of the marine centric diatom, Thalassiosira parva which represented between 1 -3
% in the outer stations and up to 24 % in the inner station (CT-A). Iron concentrations, temperature
and macronutrient availability h ave been identified as important facto rs for the composition of
Thalassiosira species communities in marine waters (Dreux et al., 2013).

In the inner station, CT-A, the species proportion was distinct, the community was mainly formed by
the diatom, Nitzschia tenuirostris and the cryptophyte Hillea fusiformis .
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In terms of biomass (Figure 2.11), the phytoplankton community inside the harbour was mainly
composed of Gonyaulax ceratocoroides (34 %) andP. micans (25 %). Other important dinoflagellates
were Protoperidinium depressum (4 %), P. cordatum (3 %) and Gyrodinium pingue (2 %) along with
the diatoms Thalassiosira parva (9 %) andGailonella sulcata (2 %).

These dinoflagellates were present also in the outer and control stations, but with lower
contributions, being replaced mainly by Protoperidinium granii (10-14 %), Tripos furca (7-11 %),
Diplopsalis lenticula (12 %, present only in CT-M), Saippsiella acuminata (1-3 %) and the diatoms,
Synedra nitzschioides (3-6 %), N. tenuirostris (1-4 %), N. delicatissima (2 %), Thalassiosira subsalina
(3-6 %) andT. aestivalis (present only in CT-C with 4 %).
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Eforie wastewater treatment plant

A total of 52 species, varieties and forms were identified in the study area belonging to 7 taxonomic
classes(Annex C). The phytoplankton community was mainly composed of dinoflagellates 829 species
(56 % of the total number of species) and diatoms 815 species (29 %). The classes Cryptophyceae and
Prymnesiophyceae contributed with 6 % and 4 9%, respectively. The other classes
(Clorodendrophyceae, Dictyochophyceae and Euglenoidea) were represented only by 1 species each.
Among dinoflagellates species, genera Protoperidinium (4), Gymnodinium (3), Gyrodinium (2),
Prorocentrum (2), Tripos (3) were the most diverse. Among diatoms, genera Thalassiosira (3) and
Nitzschia (3) reached the highest diversity ( Figure 2.12).
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The phytoplankton diversity along the Eforie wastewater discharge pipeline did not vary significantly.
A slightly higher number of species was recorded in EFFWD (47) compared with the control station,
EFM (43).

2

Theaverageabundance of phytoplanktdmellasi keda haelsfivae 54 35480 28

the average biomass, between 121 mg/m 3and 158 mg/m? (Figure 2.13), maximum being found in the
wastewater discharge estimated point (EF -WD) and the lowest in the control station (EF -M).

Average biomass (mg/m 3) Average density (10 3 cells/L)
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Phyt oplankton communitiesd taxonomic structure
the dominance of diatoms (Bacillariophyceae) in the abundance ( contributing up to 71 %) and the
dominance of dinoflagellates in bio mass (up to 76 %), in both stations (Figure 2.14). Even though the
contribution of the other classes was lower in the average biomass (4-5 %), in the average density,
compared to the dinoflagellates, they accounted together a sligh tly higher contribution in EF -M (19
%) and a lower contribution (13 %) in EFWD.
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The bulk of phytoplankton abundance was mainly represented by the development of a common
group of diatoms (N. delicatissima, N. tenuirostris and Synedra nitzschioides f. nitzschioides)
associated with the cryptophyte s, Komma caudata and Hillea fusiformis and the dinoflagellates,

Gymnodinium wulfii , Prorocentrum cordatum, P. micans, found in both stations, in similar

percentages (Figure 2.15).

In terms of biomass (Figure 2.16), the phytoplankton community in the control station (EF -M) was
mainly composed of the dinoflagellates, Prorocentrum micans (22 %), Tripos furca (11 %),
Protoperidinium granii (10 %), P. depressum (6 %), P. divergens (5 %), followed by the diatoms
Synedra nitzschioides f. nitzschioides (6 %), Thalassiosira aestivalis (4 %), T. subsalina (3 %). In the
wastewater discharge station, the phytoplankton structure was similar to control, with the majo rity

represented by dinoflagellates and di atoms. P. micans (23 %), one of the most important

dinoflagellates maintained its dominance, being followed in this station, by ~ T. muelleri (18 %).
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Port of Mangalia

A total of 80 species, varieties and forms we re identified inside and outside Mangalia harbour
belonging to 11 taxonomic classes (Annex C). The phytoplankton community was mainly composed of
dinoflagellates 833 species (41 % of the total number of species) and diatoms 622 species (28%). The
classes Clorophyceae and Cyanophyceae contributed with 9 % each and Cryptophyceae with 5%. The
other classes (Dictyochophyceae, Ebriophyceae, Euglenoidea, Prasinophyceae, Prymnesioptyceae
and Trebouxiophyceae) were represented only by 1 -2 species. Among dinoflagellates species, genera
Protoperidinium (5), Gymnodinium (4), Gyrodinium (4), Prorocentrum (2), Glenodinium (2), Tripos
(3) were the most diverse. Among diatoms species, genera Thalassiosira (4) and Nitzschia (3) reached
the highest diversity ( Figure 2.17).
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The number of species varied between 36-40 inside and near the harbour basin (MGB and MGA,
respectively) and 51 in the outer stations (MG -C and MGM). This difference in diversity was due to
the bloom of two diatoms, Nitzschia delicatissima and N. tenuir ostris in the inner station, MG -A.

The average abundance of phytoplankton in the study areavari ed bet we ethcell§/l0and 9 a 10
8 6 8 AckIB/L and the average biomass, between 168 mg/m?3and 3 417 mg/m?2 (Figure 2.18), the
highest values being found in the inner harbour station (MG-A) and the lowest in the outer one

(MG B).
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Phytoplankton ¢ o mmu n i taxbnersidd structure around Mangalia harbour was featured by the
dominance of diatoms (Bacillariophyceae) in the abundance (contributing up to 94 %) in all the
stations and biomass, in the outside stations MG-M and MGC (54 % and 58%, respectively). The
dinoflagellates represented most of the assembly biomass(60-75 %), in the stations inside (MG-A) and
near the harbour (MG-B). Even though the contribution of the other classes was lower (1 -7 %average
biomass), in the average density, compared to the dinoflagellates they accounted together a similar
contribution in MG -A and MGB and a higher contribution (6 %) only in the outer station, MG -C. In the
control, the other classes represented only 2 %(average density) (Figure 2.19).
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The bulk of phytoplankton abundance was mainly represented by the development of a common
group of diatoms (N. delic atissima, N. tenuirostris and Lennoxia faveolata) associated with
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dinoflagellates ( Prorocentrum cordatum, P. micans, Scrippsiella acuminata ) and the cryptophyte s,

Komma caudata and Hillea fusiformis, found in all the stations, in different percentages ( Figure

2.20). Thereby, N. tenuirostris reached the highest contribution to density outside harbour (MG-C,

59 %), being followed by L. faveolata (18 %) andN. delicatissima (9 %). However, inside the harbour

(MG-A), N. tenuirostris (56 %), along with N. delicatissima (34%) , f or med a bflcetlstdbm of 4. 3
In the outer harbour station, MG -B, N. tenuirostris and N. delicatissima maintained their dominance

in density even though their proportions were low er (34 % and 12%, respectively). In the control

station MG-M, the dominance was taken over by L. faveolata (39 %), being followed by N.

delicatissima (29 %) andN. tenuirostris (23 %).
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The phytoplankton community biomass in the control station (MG -M) was mainly composed of the
diatoms N. delicatissima (18 %), N. tenuirostris (18 %) andLennoxia faveolata (10 %) associated with
the dinoflagellates, Prorocentrum micans (16 %), P. cordatum (6 9%, Tripos muelleri (5 %) and
Protoperidinium granii (4 %). Inside harbour (MGA), the community was mainly represented by the
dinoflagellate Protoperidinium depressum (48 %) along with N. tenuirostris (24 %) and N.
delicatissima (12 %). In the outer station, MG-B, it was maintained the dominance of the
dinoflagellates, but there were o ther species involved, such as P. micans (29 %), Protoperidinium
granii (18 %), Scrippsiella acuminata (8 %) andTripos furca (6 %), being followed by diatoms, of which
the most important were Thalassiosira aestivalis (6 %), N. tenuirostris (6 %) andSyneda nitzschioides
f. nitzschioides (2 %). The situation met in the outer station, MG -C, might be comparable with MG -
M, where the diatom s represented over 50 % of the total biomass, even though the proportions of the
species was slightly different ( Figure 2.21).
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Conclusions

The analysis of the phytoplankton community in ports of Midia, Constanta and Mangalia and the Eforie
wastewater discharge pipeline stations pointed out that:

The highest diversity was found in the less pollu ted areas/in the furthest stations from the port, both
in the northern (control stations from Constanta and Mangalia) and southern areas (stations C from
Midia and Mangalia) and in the Eforie wastewat er discharge station.

A bloom event was noticed in the i nside Mangalia harbour, caused by the development of the diatoms
Nitzschia tenuirostris ( 3 . 7%céll¢/l0and 1 142 mg/m3) and N. delicatissima ( 2 . 7 %céll4/l0and
695 mg/m?) which recorded the highest values in the surface layer (0 m). Even though these diatoms
were dominant in density, the dinoflagellate  Protoperidinium depressum (3 260 mg/m 3) represented
57 % of the total biomass in the surface layer (0 m). In Midia, Constanta and Eforie stations the
average density and biomass values were lower (upto 2 5 8 &ckIB/L and 468 mg/m 3).

Some of the dominant species (N. delicatissima, Prorocentrum cordatum and Gonyaulax
ceratocoroides) are listed as harmful in IOC -UNESCO Taxonomic Reference List of Harmful Micro Algae
(Moestrup et al ., 2009) and Prorocentrum micans is recorded as an eutrophication indicator (Dorgham
et al., 1987). These speci es were distributed along the entire study area, but they reached their
maximum development inside harbours.

213Tur key

In July 2019, a total of 53 s pecies were identified in the study area, from 6 taxonomic classes (Annex
C). The bulk of the species pool was composed of Dinoflagellates (37), 16 genera (70 % of the total)
among which the genus Protoperidinium (12), Prorocentrum (5) and Dinophysis (4) were the most
diverse species. Among diatoms (14 species, 8 genera), the genus Chaetoceros (4 species) along with
genus Coscinodiscusshowed the highest species richness. Alsg a few species belonging to the classes
Prymnesiophyceae and Dictyochophyceae hawe been identified in the study area (Figure 2.22).
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Species belonging to 11 classes have been recorded in January 2020. A total of 52 species were
determined 43 % was represented by dinoflagellates, 40 % by diatoms ard 17 % by the other classes.
From dinoflagellates, the gen us Protoperidinium (7), Tripos (4), Dinophysis (3) and Prorocentrum (3)
were the most diverse. Among diatoms, the genus Chaetoceros (7) showed the highest species
richness. Also, a few species belonging to the classes Prymnesiophyceae, Cyanophyceae,
Cryptophyceae, Dictyochophyceae, Noctilucophyceae, Trebouxiophyceae and Thecofilosea have
been identified in the study area (Figure 2.23).
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In July 2019, the average total abundance of phytoplankton for the entire area varied between
5. 15ceIB/L and 2% cels/ll and the average biomass between 127.26 mg/m 2 and 435.01
mg/m 3. Dinoflagellates dominated 71 % of the total phytoplankton bioma ss sampled from all depths.
35 % of the total phytoplankton abundance obtained from all depths was dominated by
dinoflagellates. The highest abundance value was registered at the station SNO1 (located at eastern
nearshore). It was observed that Emiliania h uxleyi was dominant in this sampling station. Also, this
species was shown to be dominant in all other sampling stations. However, it was found that the
diatom abundance values in this sampling period are low (Figure 2.24).

36



mDiatom = Dinoflagellates = Prymnesiophyceae mOthers mDiatom mDinoflagellates mPrymnesiophyceae mOthers

Fi ge2.24Phyt opl anlktoam dtarxwct ur avbaagen dah&Efgt and bi omass
(Rghfuly 2019
Averagedensity (103 cell/l) Averagebiomass(mg/m?)
0 5 10 15 20 25 80 0 100 200 300 400 500

W SLIO5 m SLI06 m SNO1 = SNO2 m SNO3 m SLIO5 m SLI06 m SNO1 = SNO2 m SNO3

FigRrR&-Phytopl averamge abwddbnmnoemaas -yalkyakDadh

In January 2020, the average total abundance of phytoplankton for the entire area varied between
8. 5%callf/L and 1“cdls/lladd the average biomass between 34.09 mg/m3and 96.11 mg/m 2.
The highest phytoplankton abundance was at the station SNO3. Also, Prorocentrum cordatum was
observed to be dominant in stations SN03. However, Emiliania huxleyi were found to be dominant in
other stations. E. huxleyi were found to be dominating 34 % of the total phytoplankton abundance of
all depths of the sampling stations (Figure 2.26). When biomass was considered, it was found that
the highest value of phytoplankton bi omass was at the station SNO1 (Figure 2.27). Prorocentrum
micans was dominant in station SNO1. Also, this species was shown to be dominant in stations SLI06,
SNO02 and SK3. Dinoflagellates dominated 67 % of the total phytoplankton biomass sampled from all
depths of the stations (Figure 2.26).
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Environmental disturbance generated by human pressure may cause structural changes in
communities and influence species biodiversity. SL stations, outside the port, are not affected by
pollution inside the port and th ese stations represented by lower phytoplankton abundance and
biomass values (compared to SN stations). This difference between the stations overlaps with the
physicochemical results of the water , too.

2.2 Zooplankton

Zooplankton is an important part of marine ecosystems. It is an essential link in the food chain. In
addition, due to the sensitivity of zooplankton organisms to environmental changes, the state and
structure of the zooplankton community may indicate the state of the ecosystem. The Marine
Strategy Framework Directive (Directive 2008/56/EU) of the European Union defines zooplankton as
an essential component of the assessment of the ecological state of water bodies. Various indicators
of marine zooplankton can provide valuable information on ecological processes that are important
for t he quality of life and economies of coastal countries. The state of zooplankton and its structural
characteristics are of particular interest, because, in contrast to short -cycle phytoplankton, which
reflects mainly momentary changes, and long -cycle macrozoobenthos, which has a large inertia,
zooplankton is the only one that reflects the state of the environment in the medium term.

Port environments are one of the vital habitats in the coastal ecosystem. They serve as gateways for
the introduction of marine organisms and their larval forms. An estimate of the zooplankton standing
stock can provide useful information on the biological production potential of the area and any
changes in the water quality parameters will directly affect the abundance and  composition of the
zooplankton population (Gaonkar et al., 2010).
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We identified 25 taxa belonging to the marine and freshwater complex (Annex C). Species diversity
was based on copepods (7) and cladocerans(5). Meroplankton organisms were represented by 7 taxa.
Non-forage zooplankton was represented by jellyfish (2). The rest of the taxa (4) did not significantly
contribute to the diversity. T he taxonomic structure of the zooplankton community of Odessa region
Ohot spot siaFigue 2.288hThevS3hannonWeaver index was 2.29 bit/ ind. near the port of
Chornomorsk and 1.75 bit/ ind. near the WWTP Odessa "South".

Cladocera

m Copepoda
u Ctenophora
Hydrozoa
Meroplancton
M Rotatoria
m Varia
a b
Fig®ré&8 Taxonamstructure of zooplankton community in the p
Odessa "South" (a) and the place of discharge from WWTP ¢
2019

The zooplankton abundance and biomass in the port of Chornomorsk (22616 ind./ m® and 402.476
mgm)were medium and on WWTP Ode s(54Qinddrs tandt5122 mgimy).e r at he
According to the indicator of zooplankton biomass, the ecological state of the environment may be
assessed as 0Badd. Ac ofthe BHhammgnWeawer index thel enotbgical sthte of
theenvironment may be assesfmeNscatglan® Hn gh@dmp Wes di domolb ot
spotsé, whichtedoHrghpoeds!| bgi cal status class. The co
biomass in the place of discharge from WWTP Odessa "South" was 9406 %, in the place of discharge
and port Chornomorsk 50.55%, whi ch corresponds to OHighdé ecologica

Generally, the ecological state of theenvi r onment epobebBbhmahobe assessed
So, we may conclude that i n ttheddessategiomthe polysdomindne o0 hot s
complex of zooplankton with high Shannon biodiversity index and rather low biomass developed. The

state of the marine environment there may be assessed as0Go o d However, for a more complete

picture, it is necessary to carry out year -round monitoring and assessment of the water area based

on long-term observation s, especially in the summer, when the load on wastewaters treat ment

stations increases significantly due to the hot weather and many tourists.
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2.2.2.1 Microzooplankton

A total number of 13 species of tintinnids (6 indigene s and 7 non-indigenes), belonging to five
families, were identified in Romanian coastal waters (Annex C). The highest biodiversity (13) was
recorded in the Constanta profile, while in the WWTPEforie area was recorded the lowest diversity

(Figure 2.29). Variations of the number of species between the tw o analysed layers, 0 m and 10 m,
were recorded only in the WWTPEforie and Mangalia areas where a decrease from surface to depth
was registered.
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10 species of tint innids have been identified in the Midia area of which 6 are non -indigenous (Annex
C). The species that dominated the community of tintinnids, both in surface and 10 m layers, is a
non-indigene one - Amphorellopsis acuta . A. acuta recorded density and bio mass mears of 55 ind/L
and 0.45 pgC/L in the 0 m layer and 38 ind/L and 0.31 pugC/L in the 10 m layer, respectively. The
highest diversity and abundance of tintinnids is recorded in the MDC station and it is a positively
correlated with transparency (Figure 2.30).
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Inside the Midia harbour (MD-A) was recorded the lowest abundance and diversity from the entire
investigated area. The situation is correlated with lower oxygen values, respectively with higher
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biochemical oxygen consumption, and higher concentrations of heavy metals and hydrocarbons
(Figure 2.31).

Constanta area is characterized by a total of 13 species of ti ntinnids of which seven are non-
indigenous. The species with higher abundance in this area are the Tintinnopsis tubulosa and
Amphorellopsis acuta (Figure 2.31). The highest diversity and abundance of tintinnids was recorded
in the CT-A station (inside the harbour). The situation from the CT-A station was correlated positively
with higher transparenc y and large nutrients concentrations (nitrates, s ilicates, and phosphates) and
chlorophyll a.
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The WWTP Eforie area is characterized by a total of five sp ecies of tintinnids (Annex C) being the
area with lower diversity. The species that dominated the community of tintinnidsis ~ Amphorellopsis
acuta in both, surface, and 10 m layer. A. acuta recorded mean densities and biomasses of 106 ind/L
and 0.87 ugC/L (0 m) and 100 ind/L and 0.83 pgC/L (10 m), respectively ( Figure 2.30).

The Mangalia profile is characterized by a total of 11 species of tintinnids, including all 7 non -
indigenous (Annex C). The species which dominated quantitatively the community of tintinnids was
the non-indigenous one Eutintinnus pectinis in both analysed layer. E. pectinis recorded density and
biomass mean values of 359 ind/L and 1.25 pugC/L in Om layer and 141 ind/L and 0.49 pgC/L in the
10 m layer, respectively. The highest mean density and biomass of tintinnids is recorded in the MG -
A station (Figure 2.31) and was correlated positively with large quantit ies of nitrates, silicates,
phosphates, and chlorophyll a.

Conclusions

In September 2019, in the Romanian Black Sea, 13 species of tintinnids (6 indigene s and 7 non-
indigenes) were identified (Annex C).

The highest biodiversity (13 species) was recorded in the Constanta area, while the 'WWTPEforie area
recorded the lowe st diversity (5 species) with the mention that there only one sta tion was tested
compared to 4 stations, for each other analysed area. Regarding the number of species from the
analysed layers, there is registered a vertically decrease inthe WWTPEforie and Mangalia areas.
The lowest abundance of the microzooplankton t intinnids was recorded inside of Midia harbour and
was correlated with lower oxygen values, respectively with a higher level of heavy metals and
hydrocarbons in the area. The highest abundance was recorded inside the Constanta and Mangalia
harbours and was correlated positively with large quantit ies of nitrates, silicates, phosphates, and
chlorophyll a.

The tintinnids community are dominated by three species - Amphorellopsis acuta ( Midia and Eforie
Waste Discharge areg, Eutintinnus pectinis (Mangalia area) and Tintinnopsis tubulosa (Constanta
area). Also, Amphorellopsis acuta recorded the highest frequency in the sample from all Romanian
area this fact being in agreement with the ecology of th e species.
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The mean density of the tintinnids community, varied between 5 -106 ind/L in the surface layer and
2-72 ind/L in the 10 m layer. The mean biomass of the tintinnids community, varied between 0.03 -
0.42 pgCl/L in the surface layer and 0.01 -0.51 pgC /L in the 10 m layer.

The presence of 7 species of tintinnids newly introduced in the Black Sea basin ( Tintinnopsis
tocantinensis, Amphorellopsis acuta, Eutintinnus lusus -undae, E. pectinis, E. tubulosus, Salpingella
decurtata and Rhizodomus tagatzi) but also the tendency to enrich the micr ozooplankton component
from the last decades with new non -indigene species (Gavrilova & Dolan, 2007, Gavrilova & Dovgal,
2016, Gavrilova, 2017, Selifonova & Makarevich, 2018, Tabarcea, 2019), can make this component an
indicator of the assessment of the ma rine good environmental status, that corresponds to the
descriptor D2 (D2C1 criteria).

2.2.2.2 Mesozooplankton

Port environments are one of the vital habitats in the coastal ecosystem. They serve as gateways for
the introduction of marine organisms and their larval forms. An estimate of the zooplankton standing
stock can provide helpful information on the area's biological production potential, and any changes
in the water quality parameters will directly affect the abundance and composition of the
zooplankton population (Gaonkar et al.,2010).

Regarding the mesozoopl an kweadadanéfied g twtalinumbex of Lspeciest r uct ur ¢
(Annex C); Copepoda represented seven species, followed by the meroplanktonic component with
five species. The nonfodder component, represented by Noctiluca scintillans , appeared in all the
analysed samples, reaching higher density values in MG-A and MDBC in the other stations recording
lower densities. Oithona similis recorded the highest densities from the Copepoda group, with the
peak in stations MD-A and MDC. The cyclopoid Oithona spp. has been described as being eurythermal,
euryhaline and omnivorous, being adapted to a wide range of habitats (Hansen et al., 2004),
maintaining their populat ions even under adverse conditions (Drira et al., 2018).

Another copepod with high densities was Acartia clausi, showing high densities in stations MD-A and
MDM. Cladocerans represented four species, from which Penilia avirostris and Pleopis
polyphemoides recorded the highest abundances.

Temporal distribution of marine cladocerans is discontinuous, recording high abundances fro m early
spring to late summer, in winter recording a rapid decline and even absence from the
mesozooplankton component (Pestoric et al.,, 2010). They are sensitive to disturbance, like
eutrophication due to anthropogenic pressures such as urbanization, dome stic and industrial
pollutants, sewage disposal (Buyukates et al., 2007).

The meroplanktonic component reached high densities, Biva lvia and Balanus being dominant in the
area. Other groups, represented by two species, recorded the lowest density values ( Figure 2.32).
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The Shannon di ver sit gharactedze specigstiiversityi, rchness ,eand evermness of

the community's species. In biological communities, the ShannorWiener diversity index varies from

0 to 5; values less than 1 indicating oheavily polluted 6 condition, values in the range of 1to 2 being
characteristics of omoderated polluted condition, values above 3 show ing ostable6 environmental

conditions (Shah et al., 2013).

Considering the Shannon index calculated for samples collected from the harbour areas of the

Romanian Black Sea coast,values ranged from 1.3t0 2, whi ch i ndicate Omahkter ateod
highest value occurred in MD-C while the lowestin MDA, where HCBhad the highest concentrations.

None of the values showed a stable environment (Figure 2.33).
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The fodder component was dominant in the mesozood ankt onds ¢ ommutheihighestst ruct u
densities occurring in MDC and the lowest in CT-M. The nonfodder component represented by

Noctiluca scintillans recorded low densities, with an outburst in MG -A, where ammonium
concentrations were the highest. High concentrations of ammoni um may have been due to nutrient

generation by Noctiluca scintillans , generated by the high levels of ammonia contained in their

vacuoles (Mohamed et al., 2007) (Figure 2.34).
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Analysing the nonmetric multidimensional scaling (hnMDS) for the fodder and nonfodder densities,
similarities of 80 % were observed between the stations. An outlier arose in the stations CT-M and

EFRWD, driven by the lowest mesozooplankton densities (Figure 2.35).
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As far as the fodder component is concerned, Copepoda represented the community's bulk,
contributing 33.25 % to the mesozooplankton community with the maximum densit ies in MD-A and
MD-C. Cladocera contributed with 29.06 % with maximum values in MD-B, being followed by the

meroplanktonic component (27.29 %)(Table 2.1) with the peak recorded in MGM (Figure 2.36).
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TabPR&SlI MP-BERoup contribuméosonzbapglanktesn densit

Group AvAbund.|AvSi m [Si m/ SD |[Cont.(% b | Cum®
Copepoda 118.04 26.03|4. 43 33.25 33.25
Cl adocer a 93.31 22.75|4.509 29.06 62.31
Mer opl ankto|88. 29 21.36[4.99 27.29 89.59

Smilarities (80 %) in the fodder component structure were recorded for t he stations, samples from
Constanta and Eforie forming a cluster, while samples from M idia and Mangalia formed another one
(Figure 2.36). The outlier was inside Midia harbour (station MD_A), where the copepods were the
most abundant and HCB recorded the highest value.
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Conclusions
Oithona similis, a cyclopoid species that can maintain its po pulation even under anthropogenic

pressures, were the most abundant .

Copepoda, followed by Cladocera and meroplanktonic components , were the significant contributors
to the mesozooplankton community.

ShannonWiener diversity index recorded variations, ind icating dmoderate6 pollution in the area
under study.

Noctiluca scintilans was dominant, the fodder component recording low densities. High
concentrations of ammoni um also occurred in the station with N. scintillans higher proliferation ,
which might become a pressure for eutrophication (D5).

Samplesinside Midia harbour represented an outlier driven by the persistent organic pollut ants (HCB
high concentration). Thus, in this station , the Shannon index recorded the lowest value , and
Copepoda recorded an outburst.
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In total, 22 mesozooplankton taxa were identified in Samsun port -WWTP sampling stations. Eight
species of the subclass Copepoda (@cartia (Acartiura) clausi (Giesbrecht, 1889), Acartia
(Acanthacartia) tonsa Dana, 1849, Acartia sp. Dana, 1846 Calanus euxinus (Hulsemann, 1991),
Centropages ponticus (Karavaev, 1895), Oithona davisae (Ferrari F.D. & Orsi, 1984), Oithona similis

(Claus, 1866), Paracalanus parvus (Claus, 1863) and Pseudocalanus elongatus(Boeck, 1865), three
species of the superorder Cladocera (Penilia avirostris (Dana, 1849), Pleopis polyphemoides
(Leuckart, 1859) and Pseudevadne tergestina (Claus, 1877)), one species of the phylum Chaetognatha
(Parasagitta setosa (Miiller, 1847)), one species of the class Appendicularia ( Oikopleura (Vexillaria)

dioica Fol, 1872)), and seven groups belonging to meroplankton were found.

Mesozooplankton average abundance and biomass values were higher in July 2019 (5386 ind/m® and
128 mg/m?3) than in January 2020 (1891 ind/m® and 29 mg/m?%. The mean abundance was
approximately 3 times and the mean biomass more than 4 times higher in summer compared to
winter.

The mesozooplankton abundance and biomass values varied between 3652ind/m 2 (Station SLI06) and
7020 ind/m 3 and 72 mg/m 3 (Station SLI06) and 198 mg/m 3 (Station SLI05) in July 2019, 1156 ind/m 3
(Station SN02) and 4036 ind/m 2 (Station SLI05) and 15mg/m 2 (Station SNO3) and 66 mg/m 2 (Station
SLIO5) in January 2020, respectively (Figure 2.37). The abundance was 4 times and biomass more
than 6-10 times higher in summer compared to winter in Station SN. The abundance was 2 times and
biomass 3 times higher in summer compared to winte r in Station SLI.
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In terms of relative mesozooplankton abundance and biomass, Copepoda had high percentages in all

stations (abundance 879 % SNO1 July 2019 692 % SLI05 January 2020 and biomassd 66 % SNO1
January 2020 693 % SLI05 January 2020) (Figure 2.38). Acartia clausi, Acartia sp. and Centropages
ponticus made a high contribution to the Copepod biomass in July 2019, while A. clausi and
Paracalanus parvusmade a high contribution in January 2020.
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The lowest number of taxa was recorded in January 2020 at SNO1 and SNO3 (10 taxa or groups) and
the highest was recorded in July 2019 at the SNO2 (18 taxa or groups). The maximum Shannon diversity

index was found in July 2019 SLIO5 (2.51). The minimum Shannon diversity index was determined in

January 2020 (SLIOY (1.73). This decrease in diversity was due to the numerical dominance of A.

clausi and P. parvus (Figure 2.39).
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Noctiluca scintill ans

The abundance and biomass values ofN. scintillans varied between 2 ind/m 3 (SN02)and 10 ind/m 3
(SLI05) in and 0.2 mg/m 2 (SN0 and 1 mg/m 3 (SLI05)in July 2019; 46 ind./m 2 (SLI0O5)and 784 ind/m 3
(SNO1) and 4mg/m 2 (SLI05) and 69 mg/m 2 (SNO1)in January 2020. This species was not present in
samples from July 2019 in Station SNO1, SNO3 and SLI06. Abundance and biomass values oN.
scintillans were higher in winter than in summer (Figure 2.40).
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Although zooplankton biomass values were low in the study period, July 2019 values were
considerably higher than January 2020. Zooplankton biomass values of station SLIO5 were higher than
other stations values both in July 2019 and January 2020. The zooplankton biomass values at stations
SLI06, SNO1, SNO2 and SNO3 were very close to each other in both summer and winter. Since the
zooplankton biomass values varied between 15 mg/m 2 and 198 mg/m 3, the ecological state of the
environment may be assessed as Bad".

The contribution of Copepoda biomass to total zooplankton biomass varied between 82 -93 % in station
SLI and between 66-84 % in station SN. The ecological state of the environment may be assessed as
"High", on both stati ons and seasons.

The Shannon diversity index values were very close to each other. The summer values were slightly
higher than the winter. Since the Shannon diversity index values varied between 1.7 and 2.5, the
ecological state of the environment may be evaluated as "Moderate".

Although Noctiluca scintillans biomass values were low in the study period, July 2019 values were
considerably lower than January 2020 values. N. scintillans biomass values were higher at SN stations
than SLI stations in January 2020. According to N. scintillans values, the ecological state of the
environment may be assessed asHMigh”, on both stations and seasons.
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2.3 Chemistry - water column

Nutrients

Inputs of nutrients to transitional, coastal, and marine waters from upstream ca tchments,
atmospheric deposition and neighbouring waters may result in elevated nutrient concentrations or
nutrient enrichment. The nutrient concentrations in seas vary considerably, both in time and in
space. Over the year, the concentrations often build up over the winter per iod, then decline because
of the spring bloom and are low for most parts of the summer and autumn periods. High nutrient
concentrations are often found near large cities and where rivers discharge into the sea. Land -sea
gradients are pronounced in some regions (EEA, 2019) like the Black Sea. The direct effects of
nutrient enrichment are well documented and include accelerated growth of either phytoplankton in

the upper part of the water column or perennial macroalgae in shallow coasta | waters. The outcome
of accelerated growth of phytoplankton is elevated phytoplankton biomass, usually measured as an
elevated concentration of chlorophyll ain surface waters or as harmful algal blooms and subsequently
the reduction in water clarity and light penetration . The indirect effects are reduced depth
distribution of submerged aquatic vegetation, changes in the structure and functioning of benthic
invertebrate communities, and oxygen depletion. Overall, the nutrients excessive input and the ir
eff ects are defined as eutrophication which needs an integrated assessmentessential in the process
of pressures assessment andtargets designation.

Contaminants

Contaminants are defined in theeg.,Ethemicad glénemtsaand on as,
compounds) or group of substances that are toxic, persistent and liable to bio -accumulate and other
substances or group of substances which give rise
Framework Directive, Article 2 -29). This definitionis like the hazardous substances defined in OSPAR

and HELCOM and Barcelon&onventions. Safe chemical contaminant concentrations are an essential

aspect of achieving healthy, biologically diverse, and productive seas in the MSFD context (Law et al.

2010). MSFD consides synthetic and non-synthetic contaminants. The non -syntheti c contaminants

are naturally occurring chemicals suchast r ace metals found in the earthos
hydrocarbons (PAH) which predominantly result from the combustion of fossil fuels and organic

materials. Synthetic contaminants are man -made products such as polychlorinated biphenyls (PCBs),

pesticides, brominated flame retardants, dioxins and organotins ( e.g., tributyltin - TBT) and

introduced into the marine environment through hum an activities. Contaminants adsorbed to

particulate matter a re deposited in the water column and stored in the sediment.

Metals fall into the category of non -degradable pollutants and, by this persistent character, can
sometimes quite strongly alter the natural biogeochemical balance in contaminated environments.
Processes that remove metals from seawater primarily include active biological absorption processes,
but also passive deposition processes, i.e., the combined process of superficial adsorption on a wide
variety of high -affinity surfaces associated with th e particulate material, followed by particle
deposition. Much of this particulate material (along with associated metals) is recycled either in the
water column or in the superficial sediments. We akly bound metals may be released from the surface
of the de positing particles, replenishing the stock of dissolved metals. Marine sediments can also act
as a source of metals by releasing them back into the water column. Primary flow processes between
sediments and water column are re -suspension and deposition, bioturbation, advection,
upwelling/downwelling, diagenetic processes and diffusion. Due to these remobilization processes,
the effects of metal pollution on the local environment can be substantial  and long-lasting, even in
the case of restoration efforts ( Richir & Gobert, 2016).

Most of the persistent organic pollutants (POPs) do not occur in nature but are synthetic chemicals
released because of anthropogenic activities. Despite their ban or restri cted use, polychlorinated
biphenyls (PCBs) andorganochlorine pesticides (OCPs) are among the most prevalent environmental
pollutants and can be found in various environmental compartments. Vast amounts of POPs have been
released into the environment and d ue to long-distance transport on air currents, POPs have become
widespread pollutants and now represent a global contamination problem (Allsopp et al., 2001). They
have different intrinsic physical -chemical properties, which dictate their environmental beh aviour
(Lohmann et al., 2007).
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The input sources of PCBs and OCPs into aquatic environments include discharge of domestic sewage

and industrial wastewater and runoB from nonpoint S0
terms of POP cycling since they are highly populated and at the interface betw een open oceans and

continents. It has been suggested that continental shelves are important global sinks of PCBs (Jonsson

et al., 2003). Sediment resuspension has been identified as a key process capable of r eintroducing

POPs to the water column (Jurado et al., 2007) and this process could thus prevent POPs deposited

to continental shelves from being considered permanent sinks.

The presence of PAH in the marine environment is largely attributed to oil spills,  discharge and
natural river infiltration, or a  tmospheric deposition. PAHs sorbet to atmospheric particles can settle
on the surface of oceans by dry or wet deposition and there they are dispersed by currents (Hussein

I. Abdel-Shafy & Mona S.M. Mansour, 205). PAHs are mainly derived from the incomplet e combustion
of coal and oil, and wastewater discharge is one of the main channels for PAHs to enter the
environment. Therefore, global increased human activity has increased risks to the marine
environment (Latimer & Zheng, 2003). More than 100 different PAHs have been identified in
environmental samples and 16 PAHs are generally measured in most exposure and environmental
pollution studies.

231Ukr ai ne

2.3.1.1 Physical-chemical parameters

Salinity in the surface layer varied in the range 17 .14 917.22’: , and in the bottom layer from 17 .16
¢ t018.0%: (Figure 2.41), which is typical for transitional waters (mesohaline marine type). The
salinity increased with depth reaching its maximum in the bo ttom layer (18.5 m) at station 5.
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The content of total suspended solids (TSS) in seawater was maximum in the bottom layers on both

stations 1 (St. 4 87.43 mg/L, St. 5 87.26 mg/L), while in the surface layer concentrations of TSS did
not exceed 0.63 mg/ L (Figure 2.42).
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The concentration of dissolved oxygen in the surface layer was similar (Figure 2.43a, Figure 2.43b),
233.1 pM (95.1 % saturation, St. 4) and 232.8 uM (95.1 % saturation, St. 5). In the bottom layer, the
content of dissolved oxygen in station 4 decreased slightly and amounted to 227.2 uM (94.4 %
saturation), while in the area of station 5 dropped to 141 .6 pM (52.5 % saturation), which indicates
the ongoing process of hypoxia at the place of wastewater discharge from the city of Odessa.
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2.3.1.2 Nutrients

Mineral forms of phosphorus in the surface layer are charac terized by low concentrations from 0 .10
UM (St. 5) to 0.13 uM (St. 4). In the bottom layer, the concentrati

in the area of discharge from the wastewater treatment plant "South" (St. 5) was 0
times higher than in the area of discharge from the WWTP of the city and port "Chornomorsk".

on of dissolved inorganic phosphorus

.50 uM, which is 5

Concentrations of total p hosphorus in the study areas were approximately the same in the surface
layer and amounted to 0 .68 pM (St. 5) and 0.71 uM (St. 4). In the bottom laye r, the total phosphorus
content was higher in station 5 (0 .65 uM).
The predominant form of phosphorus in th e surface layer at both stations is its organic component,

while in the bottom layer at station 5, the mineral one predominates
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(Figure 2.44).
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Concentrations of nitrites in the surface layer were insignificant and did not exceed 0.07 uM in both
stations. In the bottom layer, the content of nitrites was maximum in the area of disc
WWTP "South" (St. 5) and amounted to 0.48 uM but did not exceed the environmental standard (ES)
for the quality of the marine environment (ES = 0.714 uM).

Concentrations of nitrates were also insignificant in the surface layer

MM. In the bottom layer, the

The concentration of ammonium did not exceed the detection li
Concentrations of total nitrogen (TN) varied within the range of 27

harge from the

being in the r ange of 0.10-0.14

content of nitrates w as maximum in the area of discharge from the
WWTP "South" (152 uM, St. 5), but did not exceed the environmental standard (ES) for the quality of
the marine environment (ES = 7.14 uM).

mit (Figure 2.45a).

.6-31.8 uM. The contribution of

organic nitrogen to the TN at both stations in th e surface and bottom horizons was more than 94 %

(Figure 2.45b).
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2.3.1.3 Heavy Metals and Organic Pollutants

In Ukraine, the national methodology to assess the ecological state is by calculation of a pollution
factor, Kz, develo ped by UkrSCES. Kzeflects the concentration of all pollu tants of the same type in
a certain period , in a given area. This factor represents the sum of the ratios of the concentration of
each pollutant to its maximum available concentration, under EU Directive 2013/39/EU (MAGEQS)
for water, to the number of mea surements performed in a given time. There are five quality classes
(overy goodd, 0goodd, osatisfactory d, obadd and overy badd) and the overall assessment of the
ecological condition of water or bottom sediments in t he study area is determined by the worst
assessment of the group of pollutants.

The formula for calculating the pollution factor Kz is:

Kz

oY

™|

Where: CR isthe contamination ratio
The ecological condition assessed withKz is estimated as:
Kz <0.5
Kz=0.561.0 Good
Kz=1.082.5 Satisfactory
Kz=2.565.0
Kz >5.0 Very Bad

Water pollution by polyaromatic hydrocarbons (PAHs) and groups of Polychlorinated biphenyls (PCBs
sum - Arl254 and Ar1260) are at a low level and correspond to a oOvery goodd ecological status,
pollution with organochlorine pesticides (OCPs) and trace metals (TM) also at a low level, except for
the bottom water layer at station 4, where Kz OCPs corresponds to a overy bad6 ecological status,
and Kz TM corresponds toa satisfactory 6 ecological status. However, the level of pollution by
individual PCBs at these stations is very high and corresponds to a overy badé ecological status, as a
result, the overall assessment of the ecological state o f water in the areas of influence of "Hot Spots"
corresponds to a overy badd ecological status.

TabPke-Kz groups of pollutants in seawater in the areas
St at|Dept h|KzPCBisndi viKzZT M| KzZOCP|KzPCB(sAr 126h4r 126
ST4 0
ST4 9.5
ST5 0
ST5S 18

The main pollutants in the places of influence of "Hot S pots" are individual PCBs, and for station 4
also OCPs and TMFigure 2.46).
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TM, OCP's, PCB's, PAH's in hotspot in 2019
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Among the pollutants, the concentrations of merc ury, benzo(g,h,i)perylene, heptachlo r, PCB101,
PCB118reduce the ecological assessment of the quality of sea waters to the greatest extent and are
classified as bad (Table 2.3).

TabPB8-Kz individual pollutants in seawater in the areas

54



From the trace meta Is group, mercury is present at all stations and has the greatest contribution to
the pollution at station 4, and at station 5, cadmium has the greatest contribution to pollution (Figure
2.47). In the OCPs group, heptachlor is present only in the bottom layer of water at station 4 and has
the greatest contribution to the OCPs pollution, DDT and DDT total are present at all stations and
make the greatest con tribution to the pollution of the OCPs group at station 5 and  in surface water
layer at station 4 (Figure 2.47). Benzo(g,h,i)perylene (PAH’s group) at all stations has the greatest
contribution to the group's pollution (Figure 2.47). In the PCBs group, Ar1254 at all stations has the
greatest contribution to the group & pollution (Figure 2.47).

Contribution of Kz of individual TM to the
overall Kz TM in 2019
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Black Sea waters quality in the areas of influence of "Hot Spots" (WWTP of the city of Odessa "South"
and WWTP of the city and port of Chernomorsk) , corresponds to a dvery badé ecological state.

There are high concentrations of individual PCBs, among which PCB-101 and PCB118 are the largest.
Mercury is present at all stations, and at station 4 it has the greatest contribution to overall pollution,

Kz Hg corresponds to a very bad ecological state. DDT and DDT total are present at all stations.
Benzo(g,h,i)perylene at all stations has the greatest contribution to the PAHs group of pollution.
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2.3.2.1 Physical-chemical parameters

Seawater temperature recorded, in the water column, homogenous, typic al values for the en d of
the warm season (Annex D and Figure 2.48). Maximum, 22.49 °C, was measured near the bottom,
Port Midia (control), 7m. Minimum, 20.96 °C, was measured at the bottom depth, 26m (WWTP Eforie).

Overall, at the surface, salinity did not show a particular gradient . The lowest values are associated
with the stations' A, the most influenced by ports activities . Minimum occurred in Port Midia (A, 0 m)
(Figure 2.48). Increased salinities were significantly high er (r=0.59) near -bottom.

The dissolved oxygen content was highest at the surface (221.5 § 293.9 pM). The maximum was in
the Port Mangalia influence area (A); the minimum was measured for Port Constanta (A), water

column, 10m. The coastal sources' impact was outlined by the lowe st median measured in the stations '
A, while the highest is from control samples (M ) (Figure 2.49). Dissolved oxygen saturation was
significantly correlated with  chlorophyll a concentration (r=0.45) .

pH was normal overall. The lowest values and the highest variability are related to stations type A
(Figure 2.49) due to the inorganic phosphate input ( r=-0.72).

The biological oxygen demand (BOLR) recorded its maximum inside Port Midia (A). The median is
highest in the immediate impact area (Figure 2.50).

2.3.2.2 Nutrients

Phosphate and silicate concentrations followed almost the same pattern at the surface is significantly
correlated with salinity (r=-0.68 and r=-0.70). Phosphate highest concentrations w ere recorded in side
Port Midia (A) while silicate maximum in Port Mangalia (A) (Figure 2.51).

The inorganic nitrogen species had differ ent behaviour. Thus, nitrate revealed a coastal input
explained by the significant correlation with salinity (r= -0.78). Maximum occurred at the surface,
Port Midia (A). Although relatively high, no significant correlation s were found between salinity ,
nitrite , and ammonium concentrations. However, again, in station Port Midia (A), a maximum
occurred for nitrite level . Ammonium reached its highest concentration s in Port Mangalia (A) area
(Figure 2.52).

The total suspended solids content (TSS) reached the maximum at distance from the interior port
(station Constanta C) (Figure 2.53).

Conclusions

The influence of the coastal sourcesis mainly observed for the nutrients input. Thus, high levels and
significant correlations with salinity were found for  phosphate, silicate, nitrate, total nitrogen , and
total phosphorus.
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2.3.2.3 Heavy Metals

Major activit y related to sea navigation, shipbuilding and repairs, and loading/unloading cargo is
concentrated in three main ports: Constanta, Mangalia and Midia.

The physical and chemical parameters and their dynamics in t he harbour area in every case depend
on human economic activity. The Midia and Constanta ports also received freshwater through Danube
channels. Thus, contaminants collected from a broad catchment area are carried into the  port basin,
and pollution also enters from sources in the port itself. Sources include shipping activities (including
anti-fouling paints, dry dock, loading and bunkering operations, and ship repair and building),
industry (e.g., pyrogenic processes, spills, and leaks), urbanisation ( e.g., sewage autfall, urban run -
off, stormwater inputs) and agricultural waste.  The waters of the Black Sea could play a positive role
in diluting the polluted harbour water, thereby reducing its contamination level. A certain percentage

of the contaminants th at enter t he water, including heavy metals, could leave the harbour basin
before settling to the bottom. Another percentage reaches the bottom in the  harbours and becomes
lodged in the bottom sediments (Galkus et al., 2012).

Metals concentrations in surfac e seawater from all four study areas were characterized by high
variability, within the following ranges: 4.95 816.08 pg/L Cu; 0.03 61.35 pg/L Cd; 0.09 611.14 ug/L
Pb; 1.56 06.36 ug/L Ni; 0.85 86.87 ug/L Cr. Data obtained during this cruise for th e hot-spots areas
(average values 8.97 pg/L Cu; 0.27 pg/L Cd; 2.52 pg/L Pb; 3.27 pg/L Ni; 2.38 pg/L Cr) are not
significantly different in comparison with typical ranges reported for Black Sea marine waters, for
instance, the limit of predominant values (75" percentile of 2012 §2017 monitoring data) being as
follows: 6.31 pg/L Cu; 1.14 pg/L Cd; 7.43 pg/L Pb; 3.78 pg/L Ni; 3.21 pg/L Cr (Oros A., 2019).

The specific port morphology and hydrodynamic conditions occurring both inside and offshore port
area represent factors influencing the transport of sediments, especially the finest ones, which are
the main vehicles for contaminant dispersion. Thus, hydrodynamic features inside the port have an
important role in facilitating the settling down of fine parti cles (Mali et al., 2018). It should be noted
that the maximum concentrations were measured inside Constanta Port basin (16.08 pg/L Cu, 1.35
pg/L Cd, 11.14 pg/L Pb and 6.87 pg/L Cr) and Midia Port basin (6.36 pg/L Ni). In comparison, most
metals presented d ecreased concentrations in the surrounding areas of Midia (Cu, Pb, and Ni) and
Constanta Port (Cu, Cd, Pb, Cr). Slightly higher concentrations were measured in front of Eforie South

60

(0



WWTP discharge for Cd (1.26 pg/L) and Pb (5.57 pg/L). In Mangalia Port, there were no significant
differences between the inside and offshore port area. ( Table 7.9, Figure 2.54).

Once entered the marine system, trace metals are removed from the sur face water body by internal
fluxes like sedimentation on biogenic or terrigenous particles, by diffusive exchange of dissolved
species across interfaces or by advective vertical transport . Consequently, heavy metals that are
particle reactive, like Pb, hav e very low residence time, vertical sedimentation (sinking associated
with particles) and lateral transport, as much as atmospheric input are in the same order of
magnitude, whilethemet al s ( Cd, Cu, Z+#h) kwidt hebmawt oiue nt adime
primarily due to their coupling to biological processes, in their  case the lateral transport being more
important than vertical sedimentation (Pohl et al. 2006). This demonstrates t hat the system reacts
very fast for particle reactive elements like P b, while for Cu and Cd sedimentation processes are not
the preferential sink and can be neglected (Pohl et al., 2006).
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These measurements indicated a low level of trace metal pollution since concentrations of all
elements in surface waters did not surpass recommended environment quality standards (EQS)
(Directive 2013/39/EU: 1.5 pg/L Cd, 14 pg/ L Pb, 34 pg/L Ni; national legislation: 30 pg/L Cu).

In comparison with available monitoring data (2015 0 2018) from the same areas, the results in
2019were generally maintained between similar variability ranges, with no significant increasing or
decreasing trends. Midia and Mangalia Port basins, and surrounding areas, were characterized by
lower concentrations in 2019 for all elements. Higher concentrations were  although measured in 2019
in Constanta Port for Cu and Cr, and Eforie WWTP discharge for Cd, Pb, and Cr (Figure 2.55- Figure
2.58).
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Higher concentrations were measured i nside Constanta Port and Midia Port basins, in comparison with
the surrounding areas, and in front of Eforie South WWTP discharge. In Mangalia Port, there were no
significant difference s between the inside and offshore port area.
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Metals concentrations in surface seawater from the four hot-spots areas investigated in September
2019 indicated a low level of trace metal pollution, as no sample surpassed recommended EQS values.

In comparison with available monitoring data (2015 62018) from the same areas, in 2019 the results
were generally maintained between similar variability ranges, with  slightly increasing or decreasing
trends, depending on the area or investigated element.

2.3.2.4 Organic Poll utants

Water samples were characterized by OCPs values between the detection limit and 32.40 pg/L.
Heptachlor, aldrin, endrin, p,p' DDD and p,p' DDT concentrations were below the detection limit,
except some values recorded for heptachlor and aldrin in Midia harbour (8.18 pg/L, and respectively
31.55 g/ L) an dstapta m@dou(DE3 ug/Lh ThE other individual compounds varied
within the following ranges: 0.004 pg/L to 5.96 ug/L HCB, 0.003 ug/L to 32.40 ug/L lindane, 0.002
pg/L t011.89 pg/L dieldrin and 0.002 pg/Lt o 1 0. 6 7 DD [dble @.10p Bxcept for PCB28
that had values between 0.004 ug/L and 59.38 pg/L, PCBs were below detection limits in all samples.

TPHs values ranged between 3.12 ug/L and 15.25 pg/L and the PAHs analysis highlighted the presence
of six of the sixteen investigated compounds: naphthalene, acenaphthylene, acenaphthene,
phenanthrene, anthracene and indeno(1,2,3 -c,d)pyrene in concentrations between detection limit
(0.0001 pg/L) and 1.72 pg/ L (Table 7.11).

The distribution of POPs inside (stations MD_A, CT_A and MG_A) and outside (stations MD_M, MD_B,
MD_C, CT_M, CT_B, CT_C, MG_M, MG_B, MG_ C) the port basin reveals as a contamination source,
most likely, the atmospheric transportation or Danube input. Exc ept for Midia where the highest
levels (32.4 pg/L lindane, 31.54 ug/L endrin) of POPs were recorded inside the port, for the other
areas, the highest values (59.38 ug/L, 52.12 ug/L PCB 28, 19.89 ug/L lindane, 11.89 pg/L dieldrin,
10.7 1ig/ L p, ph HCBDPWere re¢ardédRoutside the port basins (Figure 2.59). There is
little doubt today that atmospheric transport and deposition via dry and wet deposition and air ~ -water
transfer ar e major drivers of POPs loading and inventories in both co astal and open marine systems
(Jiménez et al., 2015). POPs undergo widespread distribution in the environment when they volatilize
from source regions, undergo transport through the atmosphere to di stant locations, and are then
deposited to surface media by wet or dry deposition (Hageman et al., 2015). Also, except lindane
(3.87 ug/L) and PCB 28 (26.64 ug/L), no other chlorinated compounds were detected in front of Eforie
WWTP Figure 2.59).

The distribution of TPHs and PAHs concentrations followed a similar pattern with no obvious
differences between the stations inside and outside the portarea. Maximum TPHs concentration were
recorded in MG_A (15.3 pg/L), CT_B (13.3 pg/L), MD_A (10.9 pg/L) and MD_C (10.5 pg/L) stations
(Figure 2.60). PAHs were homogeneously distributed in Midia and Mangalia port areas. Higher values
were detected in Constanta area outside the port basin in CT_M (0.76 pg/L anthracen €) and CT_C
(0.48 pg/L naphthalene and 1.72 ug/L anthracene) stations and in Eforie WWTP discharge area (1.07
pg/L naphthalene and 0.70 pg/L anthracene) ( Figure 2.61). Inputs of PAHs in seawater could be
related to different source s such as untreated wastewater discharge, urban runoff, refinery effluents,
vessel discharge and/or spills, vehicular emission, and atmospheric deposition as well as seasonal
hydrological variation (Neff , 1979).
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The concentrations detected in seawater indicated a low level of hydrocarbon pollution. TPH values
were much lower than the maximum admissible value (200 pg/L) stipulated by national legislation
and anthracene was the only regulated compound that exceeded the threshold values proposed for
PAHs in water to define good ecological status, according to Directive 2013 / 39/ EU, in 50 % of the
samples.

For organochlorine pesticides the pollution was high as the concentration of cyclodiene pesticides
(aldrin, dieldrin, endrin), the sum of DDTs (DDT andnetabolites) and lindane exceeded the threshold
values proposed for water to define good ecological status (acco rding to Directive 2013_39 EU) in
48 % of the samples, HCB in 70% of the samples and heptachlor in 8 % of the samples.

In comparison with available monitoring data (2015 62018) from the same areas, in 2019 the results
were generally maintained between similar variability ranges, with some increasing or decreasing
trends, depending on the investigated area and class of compounds. Slightly inc rease of chlorinated
compounds trends in the Mangalia area and PAHs inthe Constanta area was noticed. Midia, Constanta
and Eforie areas were characterized by lower concentrations in 2019 compared to 2018 for
chlorinated compounds. All areas had a decreasing tendency for TPHs (Figure 2.62 - Figure 2.65).
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The distribution of organic pollutants concentrations showed no obvious differences between the
stations inside and outside the port area.

The concentrations detected in the four hot spots areas, in September 2019 ind icated a low level of
hydrocarbon pollution, but a high level of p ollution with organochlorine pesticides as their
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concentrations exceeded the threshold values proposed for water to define good ecological status
(according to Directive 2013 39 EU) in 8 % b 70 % of the samples.

In comparison with available monitoring dat a (2015 62018) from the same areas, in 2019 the results
were generally maintained between similar variability ranges, with some increasing or decreasing
trends, depending on the investigate d area and class of compounds.

233Tur key

2.3.3.1 Physical-chemical parameter s

Water column salinities at Samsun study site stations were in the range of 18.01 -18.51 psu in summer

whereas in winter it was in the range of 17.95 -18.31 psu. The lowest salinit ies belonged to the SAATO1

that showed the lowest temperatures as well. Water column temperatures were recorded as 10.7 -

11.8°C in winter -2020 and 9.8-26.5°C in summer-2019 where strong thermocline was observed almost

at all stations deeper than 15 -20 m and the lowest temperatures ( ¢ 9-10°C) were recorded at the

bottom waters of the deepest stations (e.g. SLI03, SLI06, SNO3, SNO6). The surface mixed layer depth

was 10-11 m in summer with temperatures of 255 -26 . 5AC and bel ow these depthsd
was featured. In winter, alm ost all water column was mixed at all the stations.

2.3.3.2 Nutrients

NOx concentrations of the surface mixed layer (taken as 11 m both for winter and summer for
comparison) waters varied from 0.24 uM to 2.13 uM (mean 0.9 uM) in winter ( Figure 2.66) and <0.05
UM at all stations in summer ( Figure 2.67). Concentrations at the station groups were in the order of
SAAT>SN>SLI. These values are quite lower than the river coastal sites

NH,; -N concentrations were in the r ange of 0.04-11.3 uM in winter, 0.04 -2.9 uM in summer where the
highest concentrations were found at the SAAT stations closer to the shoreline. Concentrations were
again in the order of SAAT>SN>SLI.

Ortho-phosphate (PO;-P) concentrations in the surface wat ers of the Samsun study ste were
measured <0.02 - 3.48 uM (0.08-3.80 puM for TP) in winter ( Figure 2.66) and <0.02 §8.3 uM (0.29-13.6
UM for TP) in summer (Figure 2.67). TP concentrations were again in th e order of SAAT>SN>SLI by
location, PO4-P was SN>SAAT>SLI. These values were quite higher than the river coastal sites and
reflecting the influence of treate  d municipal wastewater discharges .

Silicate concentrations in the surface waters were measured int he range of 1.75 - 6.2 uM in winter
(Figure 2.66) and <0.06 6 3.77 UM in summer (Figure 2.67) in the coastal waters of Samsun site.
Concentrations were again in the order of SAAT>SN>SLI by location. These \alues are lower than the
river coastal sites similar to the NOx as expectedly.

Dissolved oxygen concentrations in the water column (including bottom depths) were measured in
the range of 5.3-9.5 mg/L in summer (Figure 2.66) and 7.4-9.2 mg/ L in winter ( Figure 2.67); not
indicating any hypoxic conditions in both seasons. Slightly lower values were measured at SAAT
bottom waters.
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The surface mixed layer chlorophyll a concentratio ns changed between 0.82 pg/L and 2.19 pg/L in
winter and 0.08 and 23.4 pu g/L in summer ( Figure 2.69) at the Samsun study site. These values of both
seasons are quite higher than the river coastal waters. The highest values were measured at the

treatment plant discharge area (SAAT01, SAAT03, SAAT04 and astern nearshore stations (SNO1,
SNO04). The overall order of the concentrations by location is SAAT>SN>SLI. Chlorophyll a
concentration of the stations, in which the phytoplankton sampling has been done, supports the

change in phytoplankton biomass and abundance values. In parallel to the chlorophyll a changes, it
was found that the eastern stations' phytoplankton biomass values are high in both sampling periods.
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These high values resulted from the prymnesiophyceae species in winter and dinoflagellate speci es
in summer. It was found that the high chlorophyll a values are caused by the dominance of
dinoflagellate in SNO1 station (located at eastern nearshore) in the summer.

SAAT0104 and SNO1, SN04, SNO5 summer <5 m changed in the range of-B m (Figure 2.68). In winter,
the transparency changed almost homogeneously ranging at 3-5 meters (Figure 2.69).

Total Suspended Solids (TSS) werein the range of 0.7 -5.3 mg/ L in winter and 0.2 -3.85 mg/L in
summer. The Total Organic Carbon (TOC)contents varied from 2.32 mg/L to 2.67 mg/ L in winter and

2.75 mg/ to 6.20 mg/L in summer ( Figure 2.68, Figure 2.69). TOC values, especially summer values
are quite high indicating t he influence of municipal wastewaters.
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