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Abstract

The article presents the results of coastal litter monitoring on the beaches of the Black Sea
from 2016 to 2021. The study was conducted on five beaches of the northeastern Black Sea
coast, including urban and suburban areas. The Marine Strategy Framework Directive
(MSFD) methodology of the European Commission was used for the collection and
classification of litter items. During 13 monitoring sessions, a total of 2633 litter items
(108 types, 8 categories) were identified, with plastic being the predominant component,
averaging 71.7% of the total litter volume. The second predominant category was metal,
averaging 8.2% of the found litter. The litter density varied from 47.66 pcs./100 m to
1163 pcs./100 m. The litter density median was 118.26 pcs./100 m on all studied beaches.
The inter-annual variability in the litter amount on the beaches shows a decreasing trend
in all monitored areas with pronounced peaks in the summer and winter seasons. The main
source of the coastal litter pollution was recreational activities, the impact of which was
aggravated by lack of developed waste management infrastructure as well as by the proxim-
ity of transport routes. The obtained data highlight the necessity of continued monitoring
and implementation of measures to reduce pollution, such as improving waste management
systems and reducing plastic production and usage. These data can also contribute to legis-
lative and practical initiatives for the protection of the Black Sea marine ecosystems as de-
veloped both by the government and people at large.
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AHHOTaNMSA

PaccMoTpeHBI pe3ynsTaThl MOHHTOPHHTA OEperoBoro Mycopa Ha IUIsDKax YepHOro Mops
¢ 2016 mo 2021 r. UccnemoBaHune MPOBOIWIN Ha ISTH IUBDKAX CEBEPO-BOCTOYHOTO TOOe-
pexbsi UepHOro MoOpsi, BKIIIOYasi TOPOJCKHE M NMPUTOPOJHBIE ydacTKu. Mycop coOupaiu
1 KJIACCH(UIIUPOBAIA 1O MeToAuke PamowHOW aupekTuBsl EBporelckodl KOMHCCHHU
0 MOPCKOH cTpaterun. Beero 3a Bpems 13 MOHHTOPHHTOBBIX 00ClienoBaHUi OBLIO coOpa-
HO 2633 uactuil mycopa u3 8 kareropuii 108 tunos. [IpeobnagaromyM KOMIOHEHTOM CTal
IUTACTHK, COCTABJISAIONINIA B cpeaHeM 71.7 % oT obiero konudyectBa Mmycopa. Bropoii npe-
obmamarommeil kareropuei cTajx MeTalll, oS KOTOPOro B cpemHeM cocraBmia 8.2 %
OT HaliieHHOro Mycopa. I[ITOTHOCTh MISHKHOTO Mycopa BapbHpoBaia ot 47.66 mr. / 100 m
10 1163 mr. / 100 M. Menuana mIOTHOCTH Mycopa Ha BCEX HMCCIEIYEMBIX IUIKAX COCTa-
Buia 118.26 wr. / 100 M. B MexromoBoit M3MEHYMBOCTH KOJIMYECTBA Mycopa Ha IUISDHKAX
OTMEYaeTCs TeHJCHIMS K YMEHBILIEHHIO BO BCeX 00CIeyeMbIX pailoHax C SBHBIMH ITUKaMU
B JIETHHE M 3UMHHE Ce30HBI. OCHOBHBIM HMCTOYHHKOM MYCOPHOTO 3arps3HEHUS MOOepexKbs
cTalla peKpealoHHas IesITeIbHOCTh, BO3ICHCTBHE KOTOPOW YCHIIMBAIOCH H3-3a OTCYT-
CTBUS Pa3BUTOW WHPPACTPYKTYPHI IO YTHIM3AIUU OTXOJOB, a TAaKXKe OIM30CTH TpaHC-
nopTHBIX IyTeil. [lomyueHHbIe NaHHBIE CBHAETEIBCTBYIOT O HEOOXOAMMOCTH HPOAOIIKE-
HUS MOHUTOPWHTA W TIPUHATHUS MEp IO CHIDKCHHIO 3arps3HEHUS, TAKUX KaK YITydIICHHE
CHCTEM YIpAaBICHUS OTXOJAaMH U YMCHBIICHHE IIPOU3BONICTBA U HCIOIH30BAHUS TTACTHKA.
OTH AaHHBIE MOTYT MCIIOJB30BATHCS MPHU BEIPaOOTKE PEKOMEHIAINN U MPAKTUIECKIX WHU-
LHATUB IO 3aIUTEe MOPCKOH IKOCUCTEMBI YepHOro Mops Kak CO CTOPOHBI TOCYAapCTBa, TaK
1 CO CTOPOHBI HAy9HOTO cO00IIecTBa 1 OOBIYHBIX TPaKIaH.

KitioueBble €JI0Ba: MOPCKOH MYCOp, 3arpsi3HEHHE MOpsi, 3arpsisHeHHe IUshkel, UepHoe
MOpE, MHKPOILIACTHK

BaaromapHocTn: paboTa BHIIIONHEHAa B paMKaxX MEXTyHApoAHBIX mpoektoB DMBIIAC-I,
SMBJIAC-II, DMBJIAC-ITmoc, ¢punancupyemsbix [Iporpammoii pazsutus OOH (ITPOOH)
n EBpomnelickuM coro30M B MoAepkKy peanuszanuu KonseHuuu o 3ammure YepHoro mops
ot 3arps3HeHus (byxapecrckas korBeHIms 1992 1.). 3a mody4eHHbIC TaHHBIC aBTOP BBIpaXka-
eT OrarosapHOCTh HAOMIONATENsAM, KOTOPHIE NPOBOAMIN MOHUTOPHHIOBBIC HCCIIEOBAHMS
¢ 2016 mo 2021 1. Ha sHKax YepHOTO MOpSI.

Hdns nmurupoBanus:. Cnupuna B. A., [locoscesa M. I1. [luHamuKa TUIOTHOCTH OEpPEroBOTO
Mycopa Ha IDBDKaX CeBEpO-BOCTOYHOTO mobdepexbs Yeproro mopst ¢ 2016 mo 2021 rox //
Okonoruueckas 0€30MacHOCTh IPUOPENKHON U 1Ienb(PoBoi 30H Mopsi. 2024. Ne 4. C. 39-50.
EDN CCIYOS.

40 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024



Introduction

Marine debris pollution of beaches is a growing global problem that re-
quires a comprehensive approach. An important step against marine pollution is
continuous monitoring of the scale and dynamics of the problem. Based on
analyses of the collected data on the composition, quantity and sources of litter
on beaches, effective measures to prevent pollution are developed [1]. Aware-
ness-raising campaigns and improved waste management systems can help to
reduce pollution and protect ecosystems and human health V- ),

Like any closed body of water, the Black Sea is vulnerable to marine debris
pollution. Both terrestrial and marine factors contribute to its accumulation.
The terrestrial factors include litter entering the seas from rivers in industrialised
countries, uncontrolled landfills, growing tourism, recreational activities, and port
activities in coastal cities, whereas the marine factors include fishing and inten-
sive shipping [3, 4]. Due to the large-scale circulation of the Black Sea, litter is
spreading throughout the basin and this is becoming a growing transborder prob-
lem [5].

The main litter component is plastic [6-9]. The widespread use of plastic is
due to its utility, availability and demand in all spheres of life. However, there is no
enzyme in nature that can degrade this material. Plastic is not evenly redistributed
in the environment and thus accumulates in large quantities and affects it negative-
ly [10].

The effects of marine pollution are diverse. Non-degradable plastic often caus-
es death of marine organisms, which may get trapped in nets and plastic substrates
or swallow it. Microplastics, derived from larger plastic items, enter food chains,
affecting the entire biological cycle [2]. Litter on beaches can affect human health
both directly, leading to injuries and cuts, and indirectly through interaction
with toxic waste ¥. In addition, polluted beaches lose their attractiveness to tourists,
which negatively affects the local economy .

The work aims to analyse the qualitative and quantitative composition of
the collected litter in order to assess its seasonal variability and to compare the pol-
lution levels of the north-eastern Black Sea coast with other parts of the coast.

D BSC, 2007. Marine Litter in the Black Sea Region: a Review of the Problem. Istanbul:
Black Sea Commission Publications, 2007. 160 p.

2 European Parliament, 2008. Directive 2008/56/EC of the European Parliament and
of the Council of 17 June 2008. Marine Strategy Framework Directive. Available at:
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32008L0056
[Accessed: 2 December 2024].

9 UNEP, 2005. Marine litter: An analytical overview. 47 p.
4 UNEP, 2009. Marine Litter: A Global Challenge. 232 p.
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Materials and methods

Study area

The study area is located in the north-eastern Black Sea coast (Fig. 1). Accord-
ing to [3], the study area is one of the most polluted parts of the coast.

In addition to the large recreational load, this area is under seasonal spatial and
temporal variability of currents, which is one of the main determinants of pollution
spreading on the sea coasts and is taken into account when identifying possible
sources of marine litter inputs [11].

Two types of beaches were selected for monitoring: urban and suburban ones.
The urban beaches are Loo, Primorsky and Sochi Beaches located in resort areas
near the central district of the city of Sochi. Loo (84 m long) and Sochi (104 m
long) Beaches are pebbly, while Primorsky Beach (128 m long) is sandy.

Vostok and Maly Akhun Beaches are located in the suburbs. The nearby infra-
structure is not well-developed, and the proximity of motorways and railways is
noted. Near Vostok Beach, forest vegetation prevails. Vostok Beach (87 m long) is
sandy, while Maly Akhun Beach (104 m long) is pebbly.

Data collection

Marine litter monitoring was conducted from 2016 to 2021 at five beaches.
In order to ensure comparability and data quality, this study used the method-
logy of the European Commission's Marine Strategy Framework Directive

@ Monitoring Points

Sea of Azov 1
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Black Sea
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—
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Fig. 1. Monitoring area. The numbers indicate beaches: 1 — Loo;
2 — Sochi; 3 — Vostok; 4 — Maly Akhun; 5 — Primorsky
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(MSFD) 9 to assess marine litter pollution on the north-eastern Black Sea coasts.
This strategy aims at the protection and sustainable use of marine ecosystems.

According to the methodology, litter larger than 2.5 cm was collected during
the monitoring works on a site about 100 m long and 5 m wide. The found litter
was then categorised into a basic list of litter categories and assigned a code num-
ber with a letter designation from G1 to G217 according to the chosen methodology.
The data was recorded using the Marine Litter Watch mobile application for marine
litter monitoring by trained observers using the MSFD methodology.

A total of 108 different types of litter were identified and broken down into
the following categories: Plastic, Clothing/Textiles, Glass/Ceramics, Metal, Paper/
Cardboard, Engineered Wood, Rubber and Unidentified. The amount of litter per
100 m was then calculated for each beach to allow comparison between the ob-
tained data and to identify the density of litter pollution at each beach during dif-
ferent seasons.

Results

Density and composition

From 2016 to 2021, 13 monitoring surveys were conducted with a total of
2,633 pieces of litter collected. The density of beach litter ranged from 47.66 pieces
/ 100 m to 1163 pieces / 100 m. The predominant category of litter on all beaches
and in all seasons was Plastic, averaging 71.7% of all litter found (Table). The sec-
ond predominant category was Metal, averaging 8.2% of the litter found.

Maly Akhun Beach

The highest litter concentrations were observed in the summer period of 2020
(245.2 pieces / 100 m) and in the winter period of 2021 (212.5 pieces / 100 m) (Fig. 2).

In summer 2020, 255 litter particles were found. Plastic particles amounted to
168 (65.88%). The most common types were hygiene products (G96) — 22 items,
cigarette ends and filters (G27) — 19 items and plastic parts up to 50 cm (G79) —
17 items. The remaining categories were distributed as follows (pcs.): 8 Clothing/
Textiles (3.14%), 5 Glass/Ceramics (1.96%), 43 Metal (16.86%), 22 Paper/ Card-
board (8.63%), 5 Wood (1.96%) and 4 Rubber (1.57%) items. In the Metal catego-
ry, 11 particles were from tin cans (G175) and 10 from bottle caps (G178).

In autumn 2020, 187 litter particles were identified. Of these, 110 items were
Plastic (58.82%), 10 were Clothing/Textiles (5.35%), 11 were Glass/Ceramics (5.88%),
22 were Metal (11.76%), 17 were Paper/Cardboard (9.09%), 14 were Wood (7.49%),
and 3 were Rubber (1.6%). Cigarette ends and filters also predominated in the Plastic
category (G27) — 24 items, and in the category Wood it was engineered wood
(G161) — 13 items.

% Vasilakopoulos, P., Palialexis, A., Boschetti, S.T., Cardoso, A.C., Druon, J.-N., Konrad, C.,
Kotta, M., Magliozzi, C., Palma, M. [et al.], 2022. Marine Strategy Framework Directive.
Thresholds for MSFD Criteria: State of Play and Next Steps. Luxembourg: Publications
Office. https:/doi.org/10.2760/640026
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Marine litter density in different seasons

Predominant litter
Place of Litter density, | Proportion of :
. Season . Proportion of
collection pcs./100 m plastic, % Type the total
amount, %
Maly Akhun 118.27 76.42 Cigarette ends and filters 17.07
Summer
) 2021 ) )
Primorsky 47.66 78.69 Cigarette ends and filters 52.46
Maly Akhun 106.73 71.17 Bottles<0.5 L 10.81
Spring
2021
Primorsky 67.97 85.06 Cigarette ends and filters 37.93
Maly Akhun 21250 62.44 Plastic parts 10.86
Winter ' ' 2.5-50 cm '
2021
Primorsky 78.91 81.19 Cigarette ends and filters 41.58
Maly Akhun 179.81 58.82 Cigarette ends and filters 12.83
Autumn
2020
Primorsky 61.72 56.96 Cigarette ends and filters 34.18
Personal hygiene
Maly Akhun 216.35 65.88 . 8.63
Y Summer supplies
2020
Primorsky 75 72.92 Cigarette ends and filters 45.83
Vostok St;rglrr;er 151.72 78.03 Cigarette ends and filters 28.03
Sochi A;Jéulr;m 224.04 73.82 Cigarette ends and filters 51.07
Loo A;Jéulrgn 1163.09 70.28 Cigarette ends and filters 20.57
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Fig. 2. Seasonal distribution of marine litter
on Maly Akhun Beach

In winter 2021, 221 litter particles were detected. Of these, 138 items were
Plastic (62.44%), 8 were Clothing/Textiles (3.62%), 6 were Glass/Ceramics
(2.71%), 30 were Metal (13.57%), 17 were Paper/Cardboard (7.69%), 11 were
Wood (4.98%), 8 were Rubber (3.62%), and 3 were Other (1.36%). The Plastic
category was dominated by unidentifiable plastic particles up to 50 cm (G79) -
24 items, 0.5 litre beverage bottles (G7) — 19 items and pieces of plastic/polysty-
rene up to 50 cm (G76) — 14 items. In the Metal category, there were 12 items —
tin cans (G175).

In spring 2021, a total of 111 litter particles were found. Of these, 79 were
Plastic items (71.17%), 4 were Clothes/Textiles (3.60%), 3 were Glass/Ceramics
(2.70%), 11 were Metal (9.91%), 8 were Paper/Cardboard (7.21%), 4 were Wood
(3.60%), 1 was Rubber (0.9%), and 1 was Other (0.9%). In the Plastic category
0.5 litre beverage bottles prevailed (12 pcs.).

In summer 2021, 123 particles were detected. Of these, 94 were Plastic items
(76.4%), 5 were Clothing/Textiles (4.1%), 1 was Glass/Ceramics (0.8%), 8 were
Metal (6.5%), 7 were Paper/Cardboard (5.7%), 1 was Wood (0.8%), and 7 were
Rubber (5.7%) (Fig. 2). The Plastic category was dominated by cigarette ends and
filters (G27) — 21 pcs. and hygiene products (G96) — 10 pcs.

Primorsky Beach

On Primorsky Beach, the highest litter concentrations were also recorded
in summer 2020 (75 pcs./100 m) and the winter of 2021 (78.9 pcs./100 m)
(Fig. 3).

In summer 2020, 96 marine litter particles were found. Of these, 70 items were
Plastic (72.92%), 1 was Clothing/Textiles (1.04%), 6 were Metal (6.25%), 14 were
Paper/Cardboard (14.58%), 3 were Wood (3.13%), and 2 were Other (2.08%).
The Plastic category was dominated by cigarette ends and filters (G27) — 44 pcs.
The Paper/Cardboard category entirely consisted of paper fragments (G156).

In autumn 2020, 79 particles were found. Of these, 45 items were Plastic (56.96%),
2 were Clothing/Textiles (2.53%), 7 were Metal (8.86%), 23 were Paper/Cardboard
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Fig. 3. Seasonal distribution of marine litter
on Primorsky Beach

(29.11%), 1 was Wood (1.27%), and 1 was Other (1.27%). The category Plastic
was dominated by cigarette ends and filters (G27) — 27 pcs. In the Paper/Cardboard
category, 22 pcs. were paper fragments (G156).

In winter 2021, 101 particles of litter were detected. Of these, 82 items were
Plastic (81.19%), 1 was Clothing/Textiles (0.99%), 1 was Glass/Ceramics (0.99%),
5 were Metal (4.95%), 9 were Paper/Cardboard (8.91%), 2 were Wood (1.98%),
and 1 was Other (0.99%). Cigarette ends and filters in the Plastic category (G27) -
42 pcs.

In spring 2021, 87 particles were detected, of which 74 were Plastic (85.06 %),
1 was Clothing/Textiles (1.15 %), 11 were Paper/Cardboard (12.64 %), and 1 was
Wood (1.15 %). Cigarette ends and filters in the Plastic category (G27) amounted
to 33 pcs.

In autumn 2021, 61 particles were identified. Of these, 48 were Plastic
(78.69%), 1 was Metal (1.64%), 9 were Paper/Cardboard (14.75%), and 3 were
Other (4.92%). Cigarette ends and filters in the category Plastic (G27) amounted to
32 pcs.

Loo Beach

A total of 979 pieces of litter were found on the beach, of which 688 were
Plastic items (70.28%), 13 were Clothing/Textiles (1.33%), 56 were Glass/Ceram-
ics (5.72%), 144 were Metal (14.71%), 58 were Paper/Cardboard (5.92%), 15 were
Wood (1.53%), 3 were Rubber (0.31%) and 2 were Other (0.2%). The predominant
type in the Plastic category was cigarette ends and filters (G27) — 29.2% of all plas-
tic found and 20.5% of all identified litter. Bottles, including fragments, accounted
for (G45) 80.3% of all litter collected in the Glass/Ceramic category. In the Metal
category, the predominant types were bottle caps and tin can tabs (G178), 34%, and
other metal objects less than 50 cm (G198), 22.2%. No predominant type was iden-
tified in other litter categories.
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Sochi Beach

A total of 233 pieces of litter were found on the beach. The distribution by ma-
terial was as follows: 172 items were Plastic (73.82%), 1 was Clothing/Textiles
(0.43%), 34 were Glass/Ceramics (14.59%), 11 were Metal (4.72%), 11 were Paper/
Cardboard (4.72%), 4 were Wood (1.72%). The predominant type in the Plastic
category was also cigarette ends and filters (G27), 69.2% of all plastic collected
and 51% of all litter found. The Glass/Ceramics category consisted of one type of
litter, which was bottles, including shards and fragments (14.6% of all litter).

Vostok Beach

On Vostok Beach 132 pieces of litter were found: 103 items were Plastic
(78.03%), 1 was Clothes/Textiles (0.76%), 5 were Glass/Ceramics (3.79%),
10 were Metal (7.58%), 9 were Paper/Cardboard (6.82%), 4 were Wood (3.03%).
As on the other beaches, cigarette ends and filters (G27) predominated, accounting
for 35.9% of litter in this category and 28% of all litter.

Discussion

The results of the work show that the main component of beach litter, regis-
tered during the monitoring, was plastic. Its share ranged from 56.96 to 85.06% of
the total amount of litter in the monitoring surveys, averaging 71.7%. Similar re-
sults were also noted in papers [6-9], where the share of plastic was 71.58, 80.6,
84.3 and 61.65%, respectively.

At the urban Primorsky Beach, paper litter prevailed, in addition to cigarette
ends and filters, which may indicate a significant contribution of leisure travellers
to the appearance of litter on the beach (proximity of food outlets, including takea-
ways, advertising leaflets). The following types of litter prevailed on the suburban
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Maly Akhun Beach: cigarette ends and filters, drink bottles, plastic fragments 2.5—
50 cm large, hygiene products.

The lack of infrastructure and rubbish bins nearby increases the amount and
variety of litter on suburban beaches. In addition to recreational activities, Maly
Akhun Beach is also affected by the proximity of a motorway, railway and a nearby
river, which raises the overall litter density.

During the entire observation period, a total of 424 litter particles were found
on urban Primorsky Beach, while on suburban Maly Akhun Beach twice as many
particles were detected (867). These differences may be explained by regular clean-
ups on the urban beaches and equipped litter disposal sites, which reduces the amount
of litter on the beach itself. This study revealed no differences in the composition
and amount of litter in terms of the beach type (sandy, pebbly).

When comparing the results of single-season observations at Loo, Sochi and
Vostok Beaches, Loo Beach had the highest amount of litter, of which plastic
accounts for 70.28%. The beach is remote from the city centre, with the Gorny
Vozdukh railway station nearby, and the beach itself is located on a small ledge
in the sea. It is likely that due to this location, litter accumulates due to not only
recreational impacts, but also to marine litter cast ashore.

The interannual variability of litter density on the studied Black Sea beaches
shows a decreasing trend in the amount of litter found in all surveyed areas, with
clear peaks in summer and winter. The increase in the litter amount in winter can
be attributed to the large number of storm days and litter brought directly by
the sea, whereas in summer it can be explained by the increasing number of
tourists.

The qualitative composition of litter by season also supports this: in summer,
plastic bags, cigarette ends, hygiene products and paper fragments predominated,
while in winter, plastic bottles and plastic fragments/details of all sizes prevailed.

The median litter density on all the beaches studied was 118.26 pcs./100 m.
According to the data in paper ©, the Black Sea is the most polluted of the four
regions studied (median 475 pcs./100 m), followed by the Mediterranean Sea (me-
dian 310 pcs./100 m). Less polluted beaches are found in the Baltic Sea (median
71 pcs./100 m) and the north-eastern Atlantic Ocean (average 133 pcs./100 m).

Differences in the median values of this study and study ® for the Black Sea
may be due to the fact that the monitoring works were carried out in different areas
and in different seasons. However, the exceeding of the threshold value for marine
litter on the coastline (20 pcs./100 m) ” in each study season and each monitoring
survey does indicate a high level of marine litter pollution of the studied beaches.

® Subelj, G. and Veiga, J.M., 2024. Marine Litter Watch — Europe’s Beach Litter Assessment.
ETC BE Report 2024/1. European Topic Centre on Biodiversity and Ecosystems, 25 p.
https:/doi.org/10.5281/zenod0.12633722

' Van Loon, W., Hanke, G., Fleet, D., Werner, S., Barry, J., Strand, J., Eriksson, J., Galgani, F.,
Grawe, D. [et al.], 2020. A European Threshold Value and Assessment Method for Macro Litter
on Coastlines: Guidance Developed Within the Common Implementation Strategy for the Marine
Strategy Framework Directive MSFD Technical Group on Marine Litter. Publications Office, 26 p.
https:/doi.org/10.2760/54369
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Conclusion

The quantitative and qualitative analyses of marine litter on the north-eastern
Black Sea coast allowed comparison of this site with other study regions.

The most polluted beaches were Maly Akhun Beach in 2020, Sochi Beach
in 2017 and Loo Beach in 2016, with litter densities of 216.35, 224.04 and
1163.09 pcs./100 m, respectively. The predominant category of litter in all years
and in each monitoring survey was Plastic, which accounted for 71.7% of the total
identified litter. It is concluded that the study area is one of the most polluted points
on the coast of the World Ocean.

Continued monitoring surveys are needed to investigate the general condition
of beaches, sources of inputs and transport routes of beach litter as well as to assess
the impact thereof, particularly plastic litter, on living organisms and the existing
ecosystem as a whole. The obtained data will enable authorities and other stake-
holders to take measures to reduce the production of plastic products and improve
waste management both on land and in the sea. Regular monitoring surveys of
specified representative beaches will help to assess the dynamics of marine litter
accumulation in the area as well as to understand the efficiency of the measures
taken against pollution in the Black Sea.
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