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Marine Litter as a Global Environmental Problem

« Marine litter is one of the most widespread marine pollutants
« Impacts ecosystems, biodiversity, fisheries and tourism

 Plastics represent the majority of marine debris worldwide

Plastlcs are ~'the largest, most
/’”_-L harmful and persistent fraction of
| _jj_ 5 marlne Iltter accounting for at least
sma” 2 85 per cent of total marine waste.
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Without urgent action, the
estimated 11 million metric tons of
| plastic currently entering the ocean
S — T annually will triple in the next twenty
TR ———- years s
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Marine Litter as a Global Environmental Problem S

This would mean between 23 and
37 million metric tons of plastic

flowing into the ocean every year by
2040.

UNEP (2021)

~ That is equivalent to 50 kilograms
~"of plastics per metre of coastline
worldwide ...
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Marine Litter as a Global Environmental Problem
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Marine Litter as a Global Environmental Problem

Marine mammals, sea turtles and
f’te,r), owR-afte

Ig ped in ' lost or
giscarde tics including
packaging™or fishing gear.

Seabirds peck at plastics because it
smells and looks like food./ |
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A leading cause of death for '@h ¢
“Atlantic right whales, one of the

e ‘world's most critically endangered .
—— ‘whales, is being ensnared in ghost
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B ﬂshlng gear.
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What is Marine Macrolitter?

Marine macrolitter refers to human-made items larger

than 25 mm found in marine and coastal environments.

_—~~ MARINE LITTER SIZE CLASSES __.

Marine litter is commonly classified by the size of the largest dimension
of the item.

MACROLITTER MESOLITTER MICROLITTER
> 25 mm 5-25mm <5mm

Visible to the naked eye. Small fragments and pieces. Tiny particles and fragments.
Includes items > 25 mm. Includes items 5-25 mm. Includes items < 5 mm.
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Distinction:

* Macrolitter (>25 mm)
* Mesolitter (5—25 mm)
* Microplastics (<5 mm)

>25mm 5-25mm <5mm

- - e XY T Xk . A ; A .
bl ‘ "L z Understanding size classes helps scientists assess sources, transport, impacts,
o, . TV

and informs monitoring and mitigation strategies.

WSS Standardized classification allows comparison
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Definition and Classification B

10. The Joint List of Litter Categories (J-CODE list)

Type-Code [ s»tode | G-Code | Name | Definits
CHEMICALS
ch_nn_drk 1216 unidentified generally dark-coloured cil-like Unidentified generally dark-coloured oildike ch ks, .. no ch | analy
- chemicals carried out.
ch_nn_lig_ 1217 unidentified generally light-coloured paraffin-like | Unidentified generally light-coloured paraffin-like chemicals, . no chemical
- - chemicals lysis carried out.
ch_nn_uch_ 1218 unidentified chemicals Ay unidentified i.e. no chemical analysis carried out.
- - - - - L] - wm
Ay type of clothes, garments and headwear made of natural or artificial
Material Classification - items are Categorlzed INtO ado | o Joome il
] types of footwea shoes made of leather
ct_el_fow_ 138 | G138 | shoes & sandals made of leather andfor et | Yoriou 19SS of ¥, ch 25 shoes andl sandals made of leather andfor
a0 ~0o - - - Thick wowven fabric used for covering the floor or ather fabric used for furniture,
f r b d n th nt t f C t r = = - SO e fittings, and other decorative house accessories such as curtains.
specific groups based on the Joint List of Categories P I I e
ct_nn_sal_ 1143 G143 sails, canvas A heawy durable cloth made of cotton, hemp, or jute, used for sails, tents, et
Other textile items, including pieces of cloth, rags, etc. that are unidentifiable,
- - = = " cr_nn_tex_ J1as G145 | other textiles as well as other identifiable cloth textile items, which do not fit in any other
of Marine Litter, which includes o i
. Textile las with an at the top, shoulder straps or a handle,
’ c1_re_bps_ 1139 G139 clath textile backpacks & textile bags used for carrying _
FOOD WASTE
fw [ uzis | Gns | food ] i types of anthropogenic non-packaged food and food remai ns.
LSS, CERAMICS
[Elass CETAMIC CONStRUCTIon materials (bricks, tiles, | Ay glass and ceramic material which is used for construction purposes such as
RCIEDEES S b cement) lrick, roof tiles, floor tiles, bricks, cement, etc.
Glass or ceramic dishes or dishware used for serving food and dinin 2. plates,
pe_fic_tab G203 sl?::; aaaaaaaaaaaa = cups, glassware, senving dishes and other useful items for practical as well as
(¢! cups/glasses] decorat e pUrpOsSEs.
Pots made of pottery, weighted with concrete, and typically having a wolume of
ge fl_trp octo S cemamic of ElRss octopus pats 4 litres. Octopus seeking refuge in the pots can be trapped.
Glass or ceramic containers with a narrow neck, used for storing drinks of other
Re b batt LY cu glass battles ligguiics. Includes pieces of glass that can be identified as coming from a bottle.

Artificial Polymer Materials: the dominant category (plastics & ==
and polystyrene), often accounting for over 80—-90% of found
A Joint List of Litter Categories

for Marine Macrolitter Monitoring T items.

JRC TECHNICAL REPORTS

Manual for the

i iZW - Rubber: tyres, balloons, and footwear.

bl pini o «4- Cloth/Textiles: clothing, rugs, and rags.

| Processed Wood: pallets, crates, and fragments of timber.
Metals: beverage cans, foil, and industrial scraps.
Glass/Ceramics: bottles, jars, and light bulbs.

Paper/Cardboard: packaging and napkins.
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Marine Litter in the Black Sea

The Black Sea is considered a hotspot for

marine litter accumulation.

MARINE LITTER MONITORING INDICATORS

BEACH LITTER FLOATING LITTER SEAFLOOR LITTER

PR O O e = s
PO I S L T 0 B

Key monitring Indicators include:
* Beach litter - items per 100 m coastline
* Floating litter - items per km? |
» Seafloor litter - items per km2 or kg per km2 . =

Wl 5, e
‘!_—-3,; =
™ g v R ;

(ITEMS PER 100 m) (ITEMS PER KM?) (ITEMS PER KM?)

WEEE® Some coastal hotspots may exceed 500-1000
. il items per 100 m.

assessment and tracking of marine litter over time and space.
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Main Sources of Marine Litter

Marine litter originates from multiple land- and
sea-based sources:

* Riverine inputs

» Coastal cities and urban runoff

* Tourism and recreational activities

* Fisheries and aguaculture
Shipping and maritime transport
Waste mismanagement
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ECONOMIC ACTIVITIES IMPACTED BY MARINE LITTER
. e @ e g rivers transport waste from large i
b L SHIPPING FISHING AQUACULTURE TOURISM RECREATION -, catchment areas to the sea. .
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Riverine Transport of Marine Litter

Rivers are among the most significant sources of marine litter.

Key rivers influencing the north-western Black Sea:

 The Danube: as the most significant contributor, the Danube carries
litter from 10 European countries. Surveys indicate it can discharge
between 6 and 50 items of litter per hour into the Black Sea.

 The Dniester and Dnipro: these rivers contribute significantly to the
litter load near major coastal hubs like Odesa. The Dnipro-Black Sea-
Danube water route is a critical corridor for both natural flow and
anthropogenic transport.

 Accumulation Zones: high densities of floating marine macrolitter
(FMML) are frequently observed in the territorial sea (within 12 NM)
near river mouths and the Odesa region.

Co-funded by
the European Union

Northwestern Black Sea Shelf: Danube, Dnipro, and Dniester River Inputs

3

/
Lo
\Dniester
\ UKRAINE

Danube

ROMANIA
Black Sea

—— Rivers
“U%0  Deltas/ Wetlands

River Plume
(Lower Salinity / Higher Turbidity)

Bathymetric Contour

waste packaging materials and
urban debrls from Inland regions

Il. Main Sources of Marine Macrolitter
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Common causes of abandoned, lost or
otherwise discarded fishing gear

Coastal and Maritime Sources

Environmental

Important sea-based sources include: .
- Lost or abandoned fishing gear ("ghost gear" [lost or e ———————
discarded nets], lines, and plastic floats are common In 1 8% tides
] = 6% wildlife interfering with gear

both coastal and benthic surveys) Operational
" 1 17% operator errors
AquaCUIture eqUIpment [ 10% gear in need of maintenance, repair and/or replacement
Waste generated by shipping activities (operational 1 10% abandonment of gear
] . . ] R 8% loss of a buoy and/or other gear marker
waste, deSplte International regUIatlonS (MARPOL), [ 8% improper design or use of gear for conditions
. I ” I . h f ” k . = 6% fishing in excessively deep water
aCCIdenta or i ega dISC arge O ga ey WaSte’ paC aglng’ = 5% inadequate onboard navigation technologies
= 5% catching too much fish for the gear to hold

and shipping-related debris continues to contribute to the

nadequite fisheries management and regulation

—t o SO ot
i . Ly

benthic litter IOad) E— 10% intentional discharge

. ; : il 6% unavailable orinadequate port waste reception facilities

Recreational boatlng and tourism I 5% inadequate onboard navigation technologies
B T R 5 A SR 5 PP o S T T S S Conflicts and other

= :.,-", -:_..: '.':':.‘( # \’..,; -:': J;“(A 1.: ‘-'4.‘ = TP N e = e i
B auE L ke & T e N g 74% conflicts

11% illegal, unreported or unregulated fishing activities
6% fishing in excessively deep water
5% too much fishing effort/too many vessels

ypical items recorded:
 Fishing nets and ropes

g PlaSth containers - The numbers show the percentage of studies reporting the listed specific causes of ALDFG. Based
= = i 't 1 0,
e Pac kag | ng materials on a review of 176 reports over which 58% reported causes for ALDFG.

Source: MEPC (2020). Illustrated by GRID-Arendal (2021).
UNEP(2021). Drowning in plastics — Marine Litter and Plastic Waste Vital Graphics.
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Marine Litter in Coastal Ecosystems

Dense|y populated coastal cities and seasonal tourism Median litter levels (items/100 m) found on the beaches of EU regional seas
_ : _ during 2015-2021 based on Marine Litter Watch monitoring data
are major localized sources of macrolitter.
« Urban Centers: such as Odesa, Chornomorsk, and 700

Pivdennyi contribute significantly to land-based 600

waste through urban runoff and inadequate waste 500 s

management. § wo

Tourism Impact: during the summer season, beach £ 300

litter abundance spikes. Plastics (bottles, packaging, ' -

and bags) account for approximately 83% of the litter - 7

found, much of which is directly linked to recreational
activities on the shore.

FoAT I T S

Median litter items,/100 m

[ ]
=
=

Black Sea Mediterranean Sea Morth-east Atlantic Ocean Baltic Sea

-7 Beach monitoring often reveals the following litter items: 4

 Plastic bottles and packaging
Cigarette butts

Food containers

Fishing gear fragments
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Specialists from the Schmalhausen Institute of Zoology of the NAS of Ukraine conducted
necropsies on nine marine mammals found dead on the Odesa Oblast coastline

Land-based Waste Mismanagement

The overall litter load is exacerbated by systemic issues In
waste handling across the river basins and coastal zones.

WAR CRINES ©
prosecutor ‘%'6

”
od.gp.gov.ua (Creative Commons) B8 ™ A

— - - .
I T L R 5 i

s

* lllegal Dumping: waste dumped in floodplains of the Dnipro and
Dniester rivers is frequently mobilized during high-water events or ===
heavy rains, leading to "pulses” of macrolitter entering the shelf.

 Infrastructure Gaps: inadeguate storm-water filtration in coastal ey
municipalities allows smaller macrolitter items to bypass .
treatment and enter the marine environment directly.

T . Sy Lo,

II. Main Sources of Marine Macrolitter fosces
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Marine Litter on the Seafloor

The seafloor is considered a major sink for marine litter. .
Common benthic litter types include:

 Lost fishing nets (“ghost gear”)

 Plastic bags and packaging

* Metal objects

* Glass bottles

* Rubber materials

o %
Tl

s : Q \ EAL. 4.

-.au‘*fn g -

-kv- Th ;4’ < g \ -..,-.f_‘ r%v,
& 2 ﬁ e T i 2 T

" These |tems may perS|st for decades due to slow degradatlon
S Material Composition in Ukraine's benthos plastics (83%): the most
‘ common items include plastic bags, beverage bottles, and single-use
. food packaglng

ST,
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Marine Litter on the Black Sea Floor

i E &5 A » .

items/ km : S BT g > 669.2 items/km?
Average density of % . S er _ (Mean Litter Density)
marine litter on the Black Sea floor AN '

. Eastern Black Sea:
: Western Black Sea R S - A Major Accumulation Zone
Plastic is the #1 Pollutant 439.9 items/km? SO The dominant “Rim Current”

o (Mean Litter Density) =l V7 WA v . transports and traps debris along
o . 5 the eastern coastline

Plastics make up 77% e
of all seafloor litter items A “Plastic Sink” at

found in the study 50-75 Meters Deep
1258.1 items/km?

(Mean Litter Density)

A Globally
Significant Problem

Black Sea pollution
levels are comparable

- ‘ Y AR i ~ Fishing Fleets Could

to other regional Help Clean Up

Black Sea Mediterranean Seas.like the Depth .(]00-125 m) The regional trawl fleet has

Mediterranean 155.9 items/km? the potential to remove over
(Mean Litter Density) 90 tannes of litter per season
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Plastics as the Dominant Litter Type

Plastics dominate marine litter because they are:
 Lightweight and buoyant
* Durable and resistant to degradation
* Produced and used in large quantities

» fragmentation into microplastics
* Ingestion by marine organisms
* long-term ecosystem contamination

~

lll. Types of Marine Litter in Coastal and Benthic Ecosystems |
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Water circulation in the Black Sea (Eremeev at al.,
2009)

Physical Characteristics of the Black Sea

The Black Sea has several unigue
characteristics:
« Semi-enclosed basin connected to the

Mediterranean through the Bosphorus Strait
* Large river catchment basin
« Strong vertical stratification

Water circulation in the Black Sea (Eremeev at al.,
2009)

Pl 7O 2 gip S i e N 3 -y
2% :t::;},‘_'.y' S (= &

= Below ~150-200 meters, the water bec
| anoxic and contains hydrogen sulfide,
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IV. Specific Characteristics of the Black Sea
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Circulation and Litter Accumulation

. : : : . - - Floating Marine Macro Litter — densities of the
The displacement and accumulation of marine macrolitter and microplastics in the North- transects uploaded during the cruises in 2017

Western Black Sea (NWBS) are governed by a complex interplay of riverine discharge,
wind-driven surface currents, and the cyclonic circulation of the basin.

Litter movement in the NWBS is highly dynamic, driven by several physical factors:

* Currents: The Rim Current, a large-scale cyclonic flow, is the primary driver of litter
transport across the shelf. It captures riverine output and redistributes it along the
shelf break.

« Wind and Waves: Surface macrolitter is highly sensitive to "windage." Strong
seasonal winds can push floating debris towards the coast or pull it into the open sea,
regardless of the underlying water currents.

« Eddy Dynamics: Mesoscale features like the Sevastopol Eddy act as temporary traps
or "dispersal hubs" that move litter from the nearshore zone to the deeper shelf.

SRS R ry = Loy

RS T - .
S k AR R O e O

ey effects:

« transports floating debris along the basin margins
* redistributes litter between coastal regions

* Creates temporary accumulation zones

-

— =

IV. Specific Characteristics of the Black Sea usn‘:Es
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Accumulation Zones and Hotspots

Research indicates that where litter ends up is often
. . .. o ) Floating Marine Macro Litter — densities of
Independent of its original source (e.g., specific river mouths) the transects during the cruises in 2019

and Is instead dictated by basin-wide circulation. BS015
- NWBS Shelf and Shelf Break: modeling shows an W
Increasing trend in litter accumulation over the NWBS og e

200 - 300

shelf, particularly near the mouths of the Danube,
Dniester, and Dnipro.
« The "Western Gyre": floating litter often converges in
the center of the western cyclonic gyre, creating offshore |
hotspots far from the original land-based sources.
. South-Western Convergence: much of the litter
~ " released in the Ukrainian sector eventually drifts : Rl o e
southward, accumulating along the Bulgarian and e e Bedtortwr
Romanian coasts due to the southward flow of the Rim e e
Current.

P T T T
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s accumulation zone for marine

IV. Specific Characteristics of the Black Sea
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Seasonal and Hydrodynamic Drivers

« Spring/Summer Peaks: high river
discharge in the spring (Danube/Dnipro
freshets) leads to massive "pulses" of litter
entering the NWBS.

* Winter Redistribution: stronger winter
storms and intensified Rim Current
circulation accelerate the transport of litter
out of the NWBS toward the southern
Black Sea.

V. Specmc Characteristics of the Black Sea

Co-funded by
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Black Sea marine currents
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War as a New Source of Marine Pollution

The ongoing war in Ukraine (since 2022) has created new and
complex sources of marine pollution in the Black Sea.

20020500 0000 « 0220500 23 55, Sertirwl- 2 L2A, Ousioen soript

Military activities affect marine ecosystems through both
direct and indirect impacts:

« destruction of coastal infrastructure

* sinking of ships, aircraft and military equipment

« placement of naval mines and ammunition

« missile launches and underwater explosions

 oil and chemical spills
accumulation of military debris

o e R 5 - 4 e F e e i i 0 o e N MR N SR A TR ST N NJ < N i oy URREAST NS, N -y e
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These impacts extend beyond Ukraine and may affect
@i the entire Black Sea region and connected basins,
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V. Conflict-Related Marine Debris
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New Types of War-Related Debris

War IntrOduceS neW Categories Of marine debris Consequences of military exercises near the Opuk Nature
that d|ﬁer from typ|ca| C|V|I|an WaSte Reserve (Autonomous Republic of Crimea, 2016).

Examples include:
 shipwrecks and sunken military vessels
« aircraft debris and missile fragments
* naval mines and unexploded ammunition
« parts of military equipment and mechanisms
. damaged offshore and coastal mfrastructure

: decades becoming a long-term source of
2 o e Wi TG
&, ) RIS contamination.

\VA Confllct Related Marine Debris
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Munitions and Explosive Fragments

The seafloor and coastal zones now contain a significant
volume of metal and chemical debris from active combat:
* Missile and Shell Casings: fragments of russian Kalibr
missiles and S-300 rockets have been documented In the

coastal waters near Odesa and Mykolaiv. These contribute
heavy metal fragments (steel and aluminum alloys) to the
benthic environment.

« Sea Mines: over 400-600 naval mines were estimated to o
be drifting or anchored in the NWBS early in the conflict. et g
Many have been destroyed by controlled explosions, =, s e

leaving behind high-density metal fragments and unreacted i

explosive residues (TNT/RDX). TR e
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Sea Mines as Long-Term Environmental Threats

Naval mines represent one of the most dangerous forms of
war-related marine debris.

Environmental risks include:
 corrosion of metal casings, releasing heavy metals
 |leakage of explosive compounds such as TNT (2,4,6-
trinitrotoluene)
* underwater explosions causing shock waves
 destruction of seafloor habitats

Mine explosions can cause severe injuries or g
- -« death in fish, invertebrates and marine mammails.

— E

s onsequeneesromnostie shelling, 'Tuzly Lagoons' National Nature Park. Photo by Ivan

VI. Environmental Risks and Toxic Components $ersces
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Military Hardware and Vessels

The "Moskva" cruiser is the most prominent example of a
large-scale sunken vessel becoming a massive source of
benthic debris.

« Sunken Vessels: ships like the Moskva and various
landing craft (e.g., at Snake Island and Berdiansk)
Introduce tons of complex materials: electronics, lead-
acid batteries, wiring, and heavy paints.

« Aviation and Drones: fragments of downed aircraft
(Su-25/Su-34) and "Shahed" type drones contribute
carbon fiber, glass-reinforced plastics, and lithium-ion
battery components to the sediment.

T
5 3

\VA Confllct Related Marine Debrls
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Destroyed Infrastructure and Construction Debris

The destruction of coastal and port facilities has converted urban
structures into marine litter:
* Port Infrastructure: debris from grain elevators, cranes, and

Bikcoxosl cknaam

storage tanks in the Odesa, Chornomorsk, and Pivdennyi ports T ._
has entered the shelf. This includes large-scale structural steel and R, . [ S mparh il
o —0F o | ugmE
industrial rubber. - 2 k.
* Enerqy Infrastructure: strikes on coastal energy facilities have ; - o, S
. : : : : : o
released insulation materials, transformer olls (contained in ‘ - g

submerged equipment), and specialized ceramic insulators.
 Coastal Settlements: the destruction of residential areas near the

Locations and types of pollution incidents documented and verified by

Dnipro eStuary resulted in a massive influx of "anthrOpOgeniC CEOBS in the Bug Estuary; lines connect the map locations with satellite
) i . : K imagery and social media materials. Social media sources: Mllltary e
sediment” - pulverized concrete, glass, roofing tiles | depots, MV Bangar Samridc, Qlerminals OV terminal, NkaTera’
S 8 . t, Halytsyne ‘ € reatn ".'3 )le !l:u' nina efinery. - 7 ; %

(slate/asbestos), and brick.

AL T

BT R s o o 1k | 3 ~ These materials can accumulate in coastal
=~ 4 R ' y areas and continental shelf zones,
: partlcularly in the north-western Black Sea.
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Plastic Elements of Defensive Structures

Anew catedory of _defensive litter” has appeared on @) Ropid sssessmont offoadd industril and inrastructurefciltes

Ukrainian beaches and in the nearshore zone:

» Fortification Materials: thousands of polypropylene
sandbags used for beach defenses are frequently
shredded by winter storms and wave action, releasing = Sl o
massive amounts of synthetic fibers (microplastics) and Wm: m;"”w o
plastic fragments directly into the water. A S

« Anti-Submarine and Anti-Landing Nets: synthetic ’ g
netting and cables deployed to protect harbors and critical | et
infrastructure contribute to entanglement risks for marine ‘ ‘ g
mammals like the Black Sea harbor porpoise.

« Geotextiles and Barriers: large-scale plastic sheets and
geotextiles used in trenches or as temporary barriers along

the shore have been mobilized by coastal erosion and

CEOBS

Nova Kakhovka dam

lllllllll

Facility category [CEOBS]
® Agriculture @ Fossil Fuel @ Power Supply
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mechanlcal stress, sunlight and seawater

hlgh -water events. mexposure generatlng secondary microplastics

\VA Confllct Related Marine Debris



Co-funded by

the European Union

Chemical Risks of Military Debris

Military debris may release a wide range of hazardous
substances into marine ecosystems.

Satellite view of the sunflower

Potential contaminants include: R et D0 R
« explosive compounds such as TNT (2,4,6-
trinitrotoluene) and DNT (2,4-dinitrotoluene)
 nitroaromatic explosives and RDX (hexahydro-1,3,5-
trinitro-1,3,5-triazine)
* heavy metals including copper, lead, zinc and nickel
 rocket fuel components and chemical stabilizers
2 « combustion products from explosives
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More than 70 chemical substances may be associated with weapon components. Corrosion of metal
&7 casings gradually releases these substances into seawater and sediments.
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Ecological Impacts

War-related pollution can have significant ecological
consequences.

Potential impacts include:
e toxicity to marine organisms
 habitat destruction on the seafloor
* bioaccumulation of toxic substances in marine food webs
* disruption of fish spawning grounds
. reductlon of blodlver3|ty
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Impacts on Marine Mammals and Marine Life

A dead dolphin on the coast of the 'Tuzly Lagoons' National
Nature Park (April 2022). Photo by Ivan Plachkov.

Military activities may affect marine animals through
several mechanisms:
* underwater explosions and shock waves
* Intense underwater noise from naval sonar and military
operations
* Injuries caused by shrapnel and pressure waves
* disturbance of migration routes

sae Recorded cases:
" . 914 cetacean deaths across the Black Sea region
 more than double the average mortality level of previous years
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Co-funded by
the European Union

Other Environmental Impacts of the War

Beyond marine debris, the war causes multiple additional pressures
on the marine environment:

* oll spills from damaged tankers and vessels

« contamination from destroyed industrial facilities

 eutrophication caused by nutrient discharge

* microbiological contamination from damaged wastewater systems
underwater noise pollution from military operations
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Petittion of the Bug Estuary resulting from damage to Mykolaiv's main wastewater treatment facilities
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Primary Sources of War Debris

The input of war-related macrolitter into the Ukrainian sector occurs through
several distinct vectors:

* Direct Coastal Bombardment: strikes on coastal cities (Odesa, Mykolalv,
Kherson) and defense positions release materials directly into the nearshore
zone. This includes pulverized masonry, glass, and metal from residential and
iIndustrial buildings.

Port and Terminal Destruction: the systematic targeting of grain terminals
and port infrastructure (e.g., in the Renli, Izmail, and Odesa ports) generates
Industrial-scale debris, including twisted structural steel, specialized
machinery parts, and large volumes of synthetic insulation.

Naval Combat Incidents: the sinking of vessels (e.g., the Moskva, landing
ships in Berdiansk/Snake Island) and the destruction of drones create point
sources of high-density benthic litter (heavy metals, batteries, engines) and
floating slicks of lighter materials.

Palm stearin in-the.waters of PivdennyIrPort=Oee
R ' [ ‘ alaiifundist.com
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Riverine Pathways (The "Conveyor Belts")

Rivers remain the most significant pathway for moving

land-based conflict waste into the open sea:

* The Dnipro River: post-2022, the Dnipro has
become a major conduit for war-related debris. The
Kakhovka Dam breach in June 2023 demonstrated
this, carrying thousands of tons of material - from
household furniture to entire building sections -
through the Dnipro estuary and into the NWBS within
days. _—

 The Danube and Dniester: while less impacted by

damaged upstream infrastructure and military
fortifications located along their banks.
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Spatial Distribution and Accumulation Zones

Based on monitoring and hydrodynamic modeling, several key
accumulation zones have been identified:
 The Odesa-Gulf Hotspot: the coastline from the Dnipro-Bug
estuary to Odesa is a primary deposition zone for debris entering
from the Dnipro.
 Danube Delta Convergence: the interaction of the Danube's
freshwater plume with the Rim Current creates a convergence zone
that traps floating macrolitter, leading to high densities of both
civiian and war-related waste in the delta's protected areas. E——
- The Western Gyre Center: Ighter, persistent plastics and synthetic o o8 riug,ﬁﬂgr‘;j;ﬁ ihe e el v R
materials from military gear are eventually pulled into the center of s S allemial e S el
the Western Gyre, where they can remain for years. '
« Sunken Object Clusters: areas around former active combat |
zones (e.g., the waters around Snake Island) have become clusters ==
for "ghost" military debris, including sunken equipment and

unexploded ordnance.
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CASE STUDY: Bl
Kakhovka Dam Destruction as a Source of Marine Debris

, Location )

All benthic organisms in the reservoir :
- - \|
1 were killed, and floodwaters carried %

. . Moldova 0 100 200 km
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CASE STUDY: Bl
Kakhovka Dam Destruction as a Source of Marine Debris

The destruction of the Kakhovka Hydropower Plant dam on 6 June 2023 triggered a large-scale

environmental disaster that affected the Dnipro River basin, coastal ecosystems, and the
north-western Black Sea.

The sudden release of water transported massive quantities of debris and waste from flooded
territories into the Dnipro-Bug estuary and subsequently into the Black Sea.

Major debris sources included:
 destroyed residential buildings and infrastructure
construction materials (wood, concrete, metal fragments)
household waste and plastic products
agricultural equipment and vehicles
uprooted trees and organic debris

| This material formed large floating debris fields that were transported by
2= river discharge and coastal currents toward Odesa Bay and adjacent coastal
i areas, creating temporary accumulation zones of marine debris.

VI. Ecological Impacts




CASE STUDY: B S
Marine Pollution and Environmental Risks after the Kakhovka Dam Collapse

The influx of debris and contaminated water significantly increased marine pollution Silt transport by the water flow from the Kakhovka
pressure in the north-western Black Sea. Reservoir (18.06.2023). Source: Sentinel

Key environmental risks included:

« transport of floating macro-debris into coastal waters (floating gas canisters and
oxygen tanks were recovered from the sea surface, posing physical hazards to local
navigation and clean-up crews)

« fragmentation of debris into secondary marine litter and microplastics

« contamination of seawater and sediments by pollutants transported with debris

e accumulation of waste along coastlines and shallow marine areas

S Monitoring in Odesa Bay identified elevated levels of contaminants in seawater and marine
.= organisms, including:

* industrial pollutants (naphthalene, phenanthrene, anthracene)

» agricultural pesticides (B-HCH, heptachlor) - containers of fertilizers and pesticides from
flooded agricultural zones were found mixed with the physical debris.

== * heavy metals (copper, zinc, chromium, nickel)

"% These pollutants can accumulate in marine biota and may pose long-term risks to marine

PR ecosystems, fisheries, and human health.
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CASE STUDY: B
Environmental Impact of the Kerch Bridge on the Marine Environment

The construction of the Kerch Bridge (Crimean Bridge) across the Kerch Strait has
significantly affected the marine environment of the Black Sea-Azov Sea system.

Major environmental pressures include:

 |large-scale dredging and seabed disturbance during construction

* removal and displacement of bottom sediments

* Installation of numerous bridge support piles altering water circulation
Increased shipping activity and construction vessel operations
underwater noise, light pollution and mechanical disturbance

Sunken anti-submaring.ShipsOel

These activities have led to:

« destruction and silting of benthic habitats

 increased water turbidity and reduced transparency B
 disturbance of spawning grounds and feeding habitats B
« physical disturbance of marine organisms and migration routes

‘ B R T s .
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CASE STUDY: B e
MARIne Debris and Pollution Associated with the Kerch Bridge

The construction and operation of the Kerch Bridge also contribute to marine
debris accumulation and pollution in the Kerch Strait.

Key sources of pollution include:
 construction materials and infrastructure debris entering the marine environment
« seabed disturbance and sediment resuspension during dredging operations
* increased vessel traffic generating operational waste and pollution
 |leakage of fuels, oils and chemical substances from construction equipment

A N Strait. On the lett: lakeS ana

atu Iecosystems that were virtually destroyed following
the bridge construction. On the right: the Kerch Bridge,
built directly across the island (Source: ecoaction.org.ua)

wraies Traie - B RN Y o A | Additional impacts include:
| | | £ : | V! .~ . accumulation of bottom sediments around bridge piles
* increased dredging activities, further disturbing seabed ecosystems
* long-term alteration of hydrodynamics affecting sediment transport
and debris distribution
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Impacts on Coastal and Marine Ecosystems

Military activities affect coastal ecosystems through:
» construction of fortifications and defensive structures
« excavation and movement of soll
* fires and explosions

e accumulation of military waste

Oil slick on the Odesa coastline, December 2025.
Photo: Odesa Oblast Prosecutor's Office
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= s Consequences include:
B . csiruction of coastal habitats
* increased sediment turbidity
« changes in hydrological conditions
« disturbance of wildlife habitats
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Current Research Gaps

Despite growing evidence, important knowledge gaps
remain.

Key research challenges include:

* limited data on the distribution of war-related marine
debris

* Insufficient monitoring of chemical contaminants from
military materials

* |lack of long-term ecological impact assessments

* limited information on underwater noise impacts on
marine mammals

"A bird killed by an oil spill, found on the Odesa coast
= h}g g = Am%.,;‘.,}( EE AR R T I © S on December 24, 2025. Photo by Oleksandr Glmanov s
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Improved monitoring systems and international scientific
cooperatlon are needed to better assess these risks.
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Why Monitoring Marine Litter is Important  faimlfEN

ISSN 1831-9424

Marine litter monitoring helps to: B
 assess pollution levels

* |dentify pollution sources

Eurcpean
Commission

JRC TECHNICAL REPORT

Guidance on the Monitoring of Marine Litter

« evaluate mitigation measures in European Seas
 support environmental policy i e o s e et

of marine litter under the Marine Strategy Framework Directive
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Monitoring Standards and Protocols

Marine litter monitoring is guided by international standards:

 MSFD (Marine Strategy Framework Directive, Descriptor 10).
the primary regulatory framework that defines "Good
Environmental Status" (GES) regarding marine litter. It
mandates the monitoring of trends in the amount, composition,
and source of litter.

« EMBLAS Project (I, Il, and Plus): this initiative has been crucial
for capacity building in Ukraine. It introduced standardized Black
Sea Monitoring Guidelines that align with MSFD protocols,
ensuring data comparability across the basin.

* Bucharest Convention: the regional convention for the
protection of the Black Sea against pollution, which provides the
Iegal basis for joint monltorlng efforts among littoral states.
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Standardlzed methods =
___ensure comparability of
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Adaptation of OSPAR and UNEPI/IOC Guidelines B

While the OSPAR (North-East Atlantic) and UNEP/IOC guidelines

o

foundation for the Black Sea: UNEP/IOC Guidelines
« OSPAR Influence: the 100-meter beach transect on Survey and Monitoring

were developed for other basins, they provide the technical

. : : of Marine Litter
methodology used in the Black Sea is largely derived from
Regional Seas Reports and Studies No. 186

OSPAR protocols, which are considered the "gold standard" 0 ioCTechnical Series No.83
for coastal macrolitter assessment.

 UNEP/IOC Guidelines: these are used to provide the broader
global context, particularly for the Sustainable Development
Goal (SDG) 14.1.1b, which tracks plastic litter density.
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Global and regional initiatives to combat plastic pollution

Land-based Ocean Binding
Pollution prevention and protection | Source of 80% of marine litter | National Jurisdiction (N)) Areas Beyond NJ
Basel Convention I | yes
Stockholm Convention e | e | [ yes
UN Convention on the Law of the Sea B | I e yes
MARPOL Annex V I yes
London Convention [ yes
London Protocol I D yes
Global Programme of Action D | e no
= Regional Seas Action Plans B | e no*
SACIM B D no
Biodiversity and species focus
Convention on Biological Diversity | D | e yes
Convention on Migratory Species B D ( yes
UN Fish Stocks Agreement — e yes
FAQ Code of Conduct for Responsible Fisheries e R e ———] no

*Except the Mediterranean
Sources: UNEP (2017), Goncalves and Faure (2019). Illustrated by GRID-Arendal (2021).

UNEP (2021). Drowning in plastics — Marine Litter and Plastic Waste Vital Graphics. el
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Beach Litter Survey Methodology

Monitoring follows standardized international protocols (EU
MSFD) to ensure data can be compared across the Black Sea and
with other European basins: maasaatescs 5 | @

‘ BEACH
CITIZEN SCIENCE

» Survey Units: surveys are conducted on 100-meter
stretches of beach, extending from the water's edge to the - |
back of the beach (e.g., foot of a dune or sea wall). R

« Sampling Frequency: monitoring is typically performed 4 { )= ,. e
times a year (once per season) to capture the influence of > ... e

- g g h . 4 e oa® ol ) roncons
tourism (summer) and storm-driven deposition (winter/spring). B e e | [FR

DATA TODAY
CLEANER OCEANS

TOMORROW

- Item Threshold: only items larger than 2.5 cm (25 mm) are 8 = -
counted and categorized, consistent with the definition of e it - —
ficati int Li o Y ® ?:iﬁfi?:k ’ ffi‘::’“::n - %’-) ::°:ff:,.,
« Classification: researchers use the Joint List of Categories " s 7«) s e

of Marine Litter, which assigns each item a specific code
(e. g G7 for drlnk bottles 621 for plastlc bags)
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Methodologies for Seafloor Assessment

Approaches for benthic monitoring are categorized by depth and the type of

habitat:

» Trawl Surveys: this is the most common method for large-scale shelf
monitoring. It involves using bottom-trawl nets (often during fisheries
research cruises) to collect litter over a known area. Results are expressed
In items/km?2 or kg/km?.

« Diver-Based Surveys: used in shallow coastal zones (<20 m depth). Divers
conduct visual censuses along fixed transects, often in sensitive areas like
the Zernov's Phyllophora Field or near port infrastructure.

 Remote Visual Surveys: remotely Operated Vehicles (ROVs) and towed
underwater cameras are used in deeper shelf areas (20100 m) to avoid the
physical impact of trawling on the seabed.

« Acoustic Sensing: emerging technologies like Side-Scan Sonar and
multibeam echosounders are used to detect large-scale "war-related"
debris, such as sunken vessels or discarded military hardware, which

gsdesm appear as high-relief anomalies on the seabed.
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Ship-Based Visual Surveys | J

This remains the baseline method for assessing Floating
Marine Macro Litter (FMML) in the open sea.

* Methodologqy: observers on research vessels (e.g.,
during EMBLAS Joint Black Sea Surveys) monitor a
fixed-width strip (transect) along the ship's path.

« Technological Integration: the JRC Floating Litter

Monitoring App Is used to georeference observations in
real-time, allowing for the direct calculation of litter
density (items/km?2).

» Limitation: highly dependent on sea state and observer |
fatigue; can only detect items >2.5 cm.
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Aerial and Drone-Based Monitoring (UAVSs) B e

Unmanned Aerial Vehicles (UAVS) are one of a useful tool for
monitoring beach and nearshore macrolitter in modern times.

« Capabilities: drone-based monitoring of beach litter uses
commercial uncrewed aerial vehicles (UAVS) equipped with
high-resolution RGB cameras to survey coastlines. Paired
with artificial intelligence and machine learning - such as
YOLO models - these drones rapidly capture and
georeference images to identify, classify, and map marine
debris and plastic pollution up to 40 times faster than
manual visual censuses.

« Advanced Analysis: recent studies utilize Pixel-Level Area
Segmentation (PLAS-Net) to quantify the actual area |
occupied by litter, rather than just item counts, providing a
more accurate assessment of ecological risk.

VIl. Monitoring Approaches
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Satellite Remote Sensing B

For the broad NWBS shelf, satellite data (particularly
Sentinel-2) Is used to identify large-scale debris
accumulations and "fronts".

« Spectral Signatures: researchers use specific
Indices (like the Floating Debris Index) to distinguish
plastic and anthropogenic debris from natural
materials like driftwood or algae.

« Large-Scale Detection: this is particularly effective
for tracking massive "pulses” of debris, such as the
plume from the Kakhovka Dam breach in 2023,
which was visible across the NWBS.
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Al and Deep Learning Detection

To handle the massive datasets generated by drones
and satellites, Al-based object detection (e.g., YOLO
models) is being deployed.
« Automated Classification: Al can automatically
sort items into categories (bottles, tires, nets) with
high accuracy, reducing the manual labor required
for monitoring.
» Super-Resolution: ror underwater or low-
resolution satellite images, deep learning is used to =58
enhance image quality, allowing for the detection of
smaller macrolitter items that would otherwise be e —— ?
missed. TR USRI e
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Role of Citizen Science

Together, we collect knowledge. Together, we protect our planet.

Citizen science plays an important role in marine ’2; THE BENEFITS OF

litter monitoring. ¢~ CITIZEN SCIENCE ;\&

&
o LARGER DATA COVERAGE e COMMUNITY ENGAGEMENT
PO . s _ oo SONO e
Benefits include: mew £ 9 9 Y0 S
p:il;):s Igezrds to - N Q .7 Q Q { empowers .
" d . I f " . more data anda' ,4’:: : . Q ' Q comn.\unities to
* INnCreased spatial coverage or monitoring ] [ 4 e

. p u b I i C aware n eSS an d e n g ag e m e nt e ENVIRONMENTAL AWARENESS | 0 COST EFFECTIVE MONITORING

T = Participation helps By tapping into

- additional data collection e
about the natural volunteers, citizen
world, fostering science generates - A
curiosity, stewardship, high-quality data e =)
and a deeper at a fraction of the TRADITIONAL
commitment to cost of traditional MONITORING
protecting it. monitoring.

SMALL ACTIONS. BIG IMPACT.
Anyone can do science. Everyone can make a difference.

Mot Sl o I g

— E

> faw e o ol ol o A af bty 2 n 3 s R e, S O S N .
R 2 8 ¥ o - A - » o - * hy A %
vz oo = o -
. ~r o € P = - .
e & - AT Ny - e 5 sy i d N 2 TP —————. |
A5 i 3 " ol -3 e < YW.R : S et e SRR T P S 3 Sl A .
>~ '»_-- S Y T > ’ s e O = (4 .23
3 . 7. IPE
ad 2 e s ol
-4 7 o N

3 Py

VIII. Citizen Science in Marine Litter Monitoring




Co-funded by
the European Union

Participation of Volunteers and Stakeholders

Various stakeholders may participate in monitoring:
* local communities
fishermen
divers
environmental NGOs
students and researchers

s e
Examples of initiatives:

» Dive Against Debris - is the flagship citizen-science program by the PADI AWARE Foundation,
empowering scuba divers to remove and document marine rubbish from the seafloor
( ).

« Marine LitterWatch - is a European citizen science initiative and data collection platform established _
by the European Environment Agency (EEA) to monitor and combat beach and marine litter. |
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https://www.padi.com/aware/dive-against-debris
https://www.padi.com/aware/dive-against-debris
https://www.padi.com/aware/dive-against-debris
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Mobile Applications and Data Platforms

Digital tools support citizen science initiatives.

o,
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“ Ocean Conservancy
0 =7 = View Reports Enter Data About

Examples include:
« Marine LitterWatch

« JRC Floating Litter Monitoring App: A specialized tool used i ind ff,:,gg,%sm e 503 407 ke

Our Progress So Far...

. S . K participated the worl removed
by researchers and trained citizen scientists on vessels to P —
record floating macrolitter via a "touch-screen” interface that 0 O v ety Camerin
automatically logs GPS coordinates and survey width. = D e

« Clean Swell App: developed by the Ocean Conservancy, this
app is widely used during Coastal Cleanup events. It focuses on
user-friendly categorization and global data sharing.

» Ocean Conservancy databases (
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https://www.coastalcleanupdata.org
https://www.coastalcleanupdata.org
https://www.coastalcleanupdata.org
https://www.coastalcleanupdata.org
https://www.coastalcleanupdata.org
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Data Classification and Analysis

Marine litter data analysis typically involves:
e classification of litter items

e coding according to standardized categories

 statistical analysis of datasets
« spatial analysis using GIS

IX. Environmental Data Analysis

ENVIRONMENTAL DATA ANALYSIS WORKFLOW

Integrating Environmental Monitoring, GIS Mapping and Statistical Analysis for Data-Driven Insights

o DATA COLLECTION o DATA MANAGEMENT

Gather emviconmental

Quality control, clean,

montoingdatafiom P standaedae and organize

multiple sources

datasets

o EXPLORATORY ANALYSIS o STATISTICAL ANALYSIS
& GIS MAPPING & MODELING
» Explore data patterns and > Anaiyze celationships, )
visualize spatial distributions identity trends ard
build predictive models

ENVIRONMENTAL MONITORING DATA [l DATA MANAGEMENT & PREPARATION EXPLORATORY ANALYSIS & GIS MAPPING STATISTICAL ANALYSS

Metecrsiogieal Dats
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* Wind Speed
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Cata integraticn
Merge data from mustple
sources and formats

Data Quality Control
Check for masaing valves,
custiers, and emoes

Oty Cleasng
Handie mussing data,
feeove dpkeates.
Wardardoe ety

Aggregate. normaice and
prepace foe analysis

Geodatabase Creation
Store spasal and ron pats
data n 2 shuctuned

SPATIAL VISUALIZATION (EXAMPLE)
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SPATIAL ANALYSIS

* Hotspat Analysis (Gets-Ord G°)
« Interpolation (Kriging/10W)

* Overlay Analysis

* Buffer Aalysis
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e RESULTS & INSIGHTS

Interpret results and
communicate actionable
enrdronmental insights

1S & MODELING RESULTS & INSIGHTS
ARALYSIS KEY INSIGHTS (EXAMPLE)

2ones and major 1oads.

MAP & REPORT OUTPUTS

Water Quality Indes Map
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v Betier understanding of enviconmental patiems

v Dota-driven decisicn making

v Suppont for policy making and resource management

v Early warming and risk assessment
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Using Monitoring Results for Policy and Management O

Monitoring results can support:
* environmental policy development

* ecosystem risk assessment
 public health protection
* Integration into regional monitoring programs
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X. Use of Monitoring Results omsees
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Black Sea SIERRA - Project 101124670
Training Courses

Thank you for your attention!

Yuliia KOTELNIKOVA

Ukrainian Scientific Centre of Ecology of the Sea (UkrSCES)
E-mail: accem@te.net.ua

Website: https://sea.gov.ua
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