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Annaba, Introduction: Marine litter (ML) poses a significant threat to global marine ecosystems, impacting
coastal biodiversity, coastal economies, and public health. Most of this waste, especially plastics, originates from land-
waste, based activities and accumulates along coastlines, degrading slowly and causing long-term damage. Algeria’s
pollution, rich coastal biodiversity has been impacted despite national efforts to manage this issue. Previous clean-up

efforts in Annaba highlight the need for sustained action to protect these areas.
management

environment

Objectives: This study aimed to assess the spatial distribution, sources, and composition of ML on 13 beaches
in Annaba (North-Eastern Algeria) during the first quarter of 2024. By identifying the types and amounts of
waste, with a focus on plastics, the study seeks to raise awareness and guide local waste management strategies,
essential for future environmental policies in the region.

Methods: The research covered 13 beaches, divided into three zones, based on their proximity to pollution
sources. Solid waste, including plastics, wood, glass, metals, textiles, and paper/cardboard, was collected and
analysed following protocols adapted to local conditions. The total study area spanned 13,000 m?, with waste
density calculated using standard formulas. Beach cleanliness was also assessed using the Coastal Cleanliness
Index (CCI).

Results: The study showed significant variation in ML types and quantities across the beaches. Joannonville
and Sidi Salem were the most polluted, primarily due to human activities and poor waste management, while
Plage des Juifs and Belvédere were relatively clean. Plastics, mostly bottles and cigarette butts, were the most
prevalent type of waste, accounting for 31%, followed by glass (23%) and unidentified waste (11%). A
pollution gradient was observed, with zone Z3, near industrial areas, being the most polluted, while Z1, further
from pollution sources, was the cleanest.

Conclusions: The CClI classified Plage des Juifs as very clean (CCI of 1.4), while Joannonville and Sidi Salem
were classified as dirty (CCI of 12.2 and 19.8, respectively). Overall, the ML density in Annaba (0.3 items/m2)
was lower than the global average but highlighted the urgent need for tailored environmental measures to
improve beach quality. The findings will support the development of a waste management plan for the region.

1. Introduction

Approximately 80% of coastal marine litter (ML) (items
> 2.5 cm) originates from land-based activities, while the
remainder has a marine origin [2]. This litter accumulates
along the coasts, gradually fragmenting, which depends
on its composition and density [3]. Among them, plastics
are the most harmful and abundant, representing between
61% and 87% of the waste [4].

ML poses a major threat to the safety and health of global
marine ecosystems [1]. This term refers to any solid

material manufactured or processed that has been
discarded or transported into the marine environment [5],
[2]. Since the 1970s, oceans have faced severe threats,
including climate change, acidification, habitat
destruction, biodiversity loss, overfishing, and pollution,
primarily from terrestrial sources. These abandoned or
washed-up wastes on coasts pose serious ecological
threats with social and economic repercussions [6], [7].

Algeria, with its 1,622 km of coastline, 32 islands, 208
islets, and 71 marine and coastal areas of ecological
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interest, boasts a coastline rich in natural heritage,
offering significant potential for socio-economic
development. In 2015, the first National Integrated
Coastal Zone Management Strategy was implemented,
and it was updated in 2021. Despite these efforts, nearly
4 tons of wastes were recovered during the 2021 coastal
waters cleanup campaign in Algiers, highlighting the
need to continue protection and sustainable management
actions for coastal areas.

In Annaba, several studies have analyzed the distribution
of marine litter along the coast [8], [9]. However, gaps
remain regarding the understanding of the sources,
quantities, compositions, and trends of this waste. To fill
these gaps, in 2024, we conducted an assessment of the
spatial distribution, sources, and characteristics of seven
types of marine litter (plastics, wood, glass, metals,
textiles, cardboard/paper, and other unidentified
materials) on 13 beaches in Annaba, Northeastern
Algeria. Therefore, the variations in the types and
quantities of waste collected, highlighting the importance
of waste management and the need for increased
awareness of coastal environmental protection in Annaba
were investigated.

2. Methods

Description of the Study Area

Located on the eastern coast of Algeria, with a coastal
strip about 80 km long, the wilaya of Annaba covers an
area of 1,439 km?, representing 0.06% of the national
territory. It is bordered to the north by the Mediterranean
Sea, to the south by the wilaya of Guelma, to the west by
Skikda, and to the east by El Tarf (Fig. 1). Covering 51
km?, its population grew from 170,000 inhabitants in
1966 [10] to = 680,000 in 2024 [11]. Its coastline was
chosen for the study due to its environmental and
economic significance: major coastal developments
(petrochemical industries, desalination plants, fishing
and ports, metallurgy, tourism hosting up to 1,4 million
visitors annually) [11], marine and coastal protected
areas (Marine Protected Area of Edough Mountains
Natural Park), and diverse ecosystems (forests, coral
reefs, and seagrass meadows).

We selected 13 beaches, grouped into 3 zones: Z1 in the
Northwest with 3 stations: (S1) Sables d'Or 3, (S2)
Chétaibi City Beach and (S3) Oued Boukrat (Djnen El
Bey); Z2 (North) with 8 beaches: (S4) Ain Achir, (S5)
Belvédere, (S6) Refes Zahouane (formerly Toche), (S7)
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La Caroube, (S8) Rizi Amor (formerly Chapuis), (S9)
Rezgui Rachid (formerly Saint-Cloud), (S10) Plage des
Juifs, and (S11) Lever de I'Aurore; and Z3 in the
Northeast of Annaba with Joannonville (S12) and Sidi
Salem (S13) (Tab. 1). Various factors were considered,
such as proximity to wastewater outlets, river mouths,
residential areas, and other industrial and economic
activities, including the April 2024 commencement of
works to convert Joannonville Beach (S12) into a mineral
quay for phosphate and phosphate products export.
Identification and Quantification of Solid Waste

To identify and quantify solid waste, we used a camera,
a GPS, a scale, trash bags, as well as stakes and string to
delineate the study areas. Between January and March
2024, we analyzed the spatial distribution, sources, and
characteristics of seven categories of marine litter, in
accordance with the recommendations of the
TGML/JIRC reference guide [12]: plastics, wood, glass,
metals, textiles, cardboard/paper, and other unidentified
materials. These wastes, of varying sizes and volumes,
required the application of rigorous rules for
measurement and counting, following a protocol inspired
by OSPAR guidelines [13], adapted to local specifics.
This protocol includes methods for collecting, sorting,
and counting waste, in accordance with the
recommendations of the Marine Environment Action
Plan of the Marine Strategy Framework Directive [14].
The protocol involves marking lines on the beaches
where waste was recorded, classified, weighed, counted,
and assigned a probable source. The sampling covered
13 beach transects of 1,000 m? each (10 x 100 m) set back
from the coastline. This operation allowed coverage of
an area of 3,000 m2in Z1, 8,000 m2 in Z2, and 2,000 m?
in Z3. Quantification was carried out along the beach
front line, separated by at least 0.5 m [15]. The density of
macro-litter (items > 2.5 cm) was calculated according to
Lippat et al. [16]: CM = n/(w*I), where n is the number
of ML recorded, w is the width, and | is the length of the
sampling unit, expressed in ML/mz2.

Clean Coast Index

To assess the cleanliness status of the beaches along the
Annaba coast, the Clean Coast Index (CCIl) was
calculated as follows: CCl = CM x K, where CM is the
density of items ML/m? and K is a constant equal to 20
[17]. The CCI scale provides the degree of cleanliness of
the beach as follows: 0 to 2: very clean; 2 to 5: clean; 5
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to 10: moderately clean; 10 to 20: dirty; and >20:
extremely dirty.

3. Results

Typology of waste on Annaba beaches

The solid waste collected was classified into seven
categories, 33 types and five probable sources. Plastics,
glass waste, metals and cardboard/paper come mainly
from tourist activities, while textiles are often associated
with sanitation. Some product sources are specific, such
as healthcare or fishing activities, while others remain
unidentified (Tab. 2).

Distribution of Different Categories of ML (Kg/m?2) on
the Beaches of Annaba

Our results show that the abundance, types, and weights
of ML vary considerably from beach to beach.
Joannonville (0.146 kg/m?) and Sidi Salem (0.103 kg/m?)
exhibit significantly higher levels of plastic pollution
than the other beaches, suggesting poor waste
management and more intense human activity. In
contrast, Plage des Juifs and Belvédére show relatively
low amounts of plastic, possibly reflecting better
maintenance or less usage of this material.

Regarding wood waste, the most affected beaches are
Joannonville (0.112 kg/m?) and Sidi Salem (0.059
kg/m2), followed by Ain Achir (0.024 kg/m?) and Oued
Boukrat (0.007 kg/m?).  These levels are associated
with fishing activities for the first two beaches and
proximity to forested areas for the latter two.

Glass is particularly present on Joannonville (0.0837
kg/m2), Sidi Salem (0.053 kg/m?), and Ain Achir (0.008
kg/mz), which could indicate significant consumption of
beverages in glass containers and a lack of recycling
systems for this material.

As for metal waste, Joannonville (0.007 kg/m?) and Sidi
Salem (0.008 kg/m?) remain the most affected. The
beaches of Rizi Amor (0.010 kg/m?) and Rezgui Rachid
(0.009 kg/m?) also show notable concentrations of
metals, primarily consisting of beverage cans and
proximity to commercial activities.

Rezgui Rachid and Rizi Amor (0.009 kg/m?) exhibit
significant amounts of textiles, often linked to human
activities (abandoned clothing, towels). Joannonville
(0.007 kg/m2?) and Sidi Salem (0.008 kg/m?) also
continue to show high pollution levels in this category.
Paper and cardboard waste are particularly concentrated
on Joannonville (0.039 kg/m?) and Sidi Salem (0.016
kg/m?), a consequence of inadequate management and
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intense urbanization in this area (Z3). La Caroube also
shows a relatively high concentration (0.011 kg/m2).
Finally, unidentified waste, consisting of fragments of
composite materials or advanced decomposition, is
notably present on Joannonville (0.020 kg/m?) and Sidi
Salem (0.024 kg/m?) (Fig. 4).

Distribution of ML in the three zones

In zone 1 (Z1), pollution is moderate, with wood and
cardboard/paper predominating. Plastics are not very
prevalent (0.006 kg/m?), as a result of very active
informal recovery for recycling since 2020 in this zone,
and unidentified waste amounts to 0.006 kg/m2. Wood
(0.028kg/m?), glass (0.01kg/m?), metals (0.011kg/m?),
textiles (0.006kg/m?2) and cardboard/paper (0.012kg/m?)
are present at moderate levels (Tab. Zone 2 (Z2) is more
polluted than Z1, with a high concentration of wood
(0.074kg/m?), glass (0.007kg/m?), metals (0.047kg/mz)
and cardboard/paper (0.035kg/m?). Plastics (0.014
kg/m?) and textiles (0.05 kg/m?) are also present in
greater quantities. Finally, zone 3 (Z3) is the most
polluted of the three, dominated by wood (0.249kg/m?),
glass (0.171kg/m?) and metals (0.137kg/m?). It also has
high quantities of cardboard/paper (0.055kg/m?) and
unidentified waste (0.044kg/m?) (Tab. 3).

Distribution of the different categories of
ML/m?/beach.

The beaches at Sable d’or 3, Chétaibi Ville and Oued
Boukrat show moderate levels of pollution. Sable d’or 3
has 0.11ML of plastics/m?, with notable quantities of
wood (0.07ML/m?) and textiles (0.06ML/m?), indicating
mixed pollution (Tab. 4).Oued Boukrat is particularly
marked by the presence of wood (0.09ML/m?) and glass
(0.07ML/m?), suggesting a possible influence of natural
or marine debris. In contrast, Plage des Juifs, Belvédere
and Lever de I'Aurore are among the cleanest beaches.
Plage des Juifs has only one ML in each category of
waste, suggesting a low level of pollution. Belvédere and
Lever de I'Aurore also show low levels of litter, with a
predominance of plastics but very few other types of
litter, indicating that they are better cleaned and less
exposed to pollution (Tab. 4).

In general, plastics are the most common type of waste,
particularly at Sidi Salem (0.22ML/ m2) and Joannonville
(0.19ML/ m2), followed closely by glass. Beaches such
as Oued Boukrat and Sable d’or 3 show a significant
accumulation of wood, while Joannonville stands out for
its exceptional quantity of cardboard/paper and
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unidentified waste, due to its proximity to urban and
industrial areas (Tab. 4).

Distribution of different categories of ML/m?/zone

In general, there is a spatial gradient of ML with higher
densities on the beaches of Z3 (N-E), average densities
in Z2 (N) and the lowest in Z1 (N-W) (Tab. 3) with
respectively 1.60 (43%), 1.22 (33%) and 0.87 (24%)
ML/m? (Tab. 5).

The order of abundance of ML along the coast is as
follows: plastics (31%) > glass (23%) > unidentified
(11%) > paper/cardboard (11%) > wood and metals (7%)
and textiles (7%) (Fig. 5).

The plastics found consist mainly of bottles (42%),
cigarette butts (39%), single-use bags (7%), corks (3%)
and other plastics (9%). According to their labels, over
71% of the polyethylene teraphthalate (PET) bottles
washed up were produced between 2021 and 2024.

Classification of Beaches by Clean Coast Index

We collected a total of 51480 ML along the Annaba
coast, corresponding to densities ranging from 0.08 to
1.23 ML/m?, corresponding respectively to the Plage des
Juifs and Joannonville. Assessment of the cleanliness of
the beaches based on the density of ML/m? shows that
the Plage des Juifs is classified as very clean with a CCI
of 1.4. The majority of beaches are classified as clean or
moderately clean, with indices ranging from 2.8
(Belvédere) to 7.6 (Sables d'or 3) (Tab. 6).

Conversely, Sidi Salem and Joannonville have the
highest indices, respectively 12.2 and 19.8, classifying
them as dirty.

Overall, Z1 is considered moderately clean, Z2 clean and
Z3 dirty, with higher levels of pollution (Tab. 6).

Table 1. Location of the zones and beaches selected for the study.

Zone Station Appellation Position
1 S1 Sables d'or 3 37°06'509"N, 07°33'964"E
North West  S2 Chétaibi ville 37°06'609"N, 07°38'148"E
S3 Oued Boukrat (Djnen El Bey) 36°94'943"N, 07°70'468"E
S4 Ain Achir 36°95'684"N, 07°78'025"E
S5 Belvédeére 36°94'669"N, 07°77'065"E
2 S6 Zahouane (Toche) 36°94'327"N, 07°76'753"E
North S7 L?. _Caroube _ 36°93'391"N, 07°76'357"E
S8 Rizi Amor (ex. Chapuis) 36°92'748"N, 07°76'104"E
S9 Rezgui Rachid (Saint-Cloud) 36°91'969"N, 07°76'525"E
S10 Plage des Juifs 36°91'644"N, 07°76'861"E
S11 Lever de I’aurore 36°90'948"N, 07°77'225"E
3 S12 Joannonville 36°88'185"N, 07°76'178"E
North East S13 Sidi Salem 36°85'527"N, 07°79'488"E
Table 2. Characteristics and probable sources of the waste collected.
Categories Type (composition) Probable sources
Healthcare-related plastic articles Healthcare activities
Plastic articles related to fishing Fishing activities
Ice cream sticks Sanitation
Plastic caps Tourism/ Residents
Lighters Unidentified
. Rubber Unidentified
Plastics

Shoes / sandals

Fast food containers
Cotton buds

Plastic film
Cigarette butts
Plastic parts < 50cm
Polymers

Tourism/ Residents
Tourism/ Residents
Tourism/ Residents
Tourism/ Residents
Tourism/ Residents
Tourism/ Residents
Tourism/ Residents
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Plastic bags Tourism/ Residents
Worked wood Sanitation
Wood Toothpick Tourism/ Residents
Bottles Tourism/ Residents
Coloured glass Tourism/ Residents
Glass Flat glass Unidentified
Clear glass Tourism/ Residents
Cans Tourism/ Residents
Metals Candy/chocolate packaging etc Tourism/ Residents

Aluminium foil / chip paper
Metals

Tourism/ Residents
Unidentified

Cardboard /
paper

Cardboard/paper
Tetra pack cardboard
Food packaging

Tourism/ Residents
Tourism/ Residents
Tourism/ Residents

Fabrics / textiles Sanitation
Fragmented paper Sanitation
Cigarette pack Tourism/ Residents
Textiles Fabrics Sanitation
Table 3. Others Construction products, ceramics, bricks etc. | Sanitation Abundance
of different Unidentified products Unidentified categories
of ML (Kg/m2)
by zone.
Zone Plastics Woods Glasses Metals Textiles Ca;b;;err(is/ Unidentified
Z1 0,006 0,028 0,010 0,011 0,006 0,012 0,006
Z2 0,014 0,074 0,074 0,047 0,050 0,035 0,010
Z3 0,013 0,249 0,171 0,137 0,015 0,055 0,044
Table 4. Breakdown of ML categories/m?/beach.
Plage Plastics  Woods Glasses Metals Textiles Carboards/ Unidentified
Papers
Sable d’or 3 0,11 0,07 0,05 0,04 0,06 0,03 0,02
Chétaibi Ville 0,12 0,02 0,04 0,02 0,03 0,02 0,02
Oued Boukrat 0,03 0,09 0,07 0,06 0,01 0,03 0,02
Ain Achir 0,09 0,01 0,05 0,03 0,02 0,01 0,01
Belvédere 0,05 0,01 0,04 0,01 0,01 0,01 0,01
RefesZahouane 0,08 0,02 0,07 0,01 0,01 0,03 0,01
La Caroube 0,07 0,01 0,06 0,03 0,03 0,01 0,02
Rizi Amor 0,10 0,01 0,02 0,02 0,01 0,01 0,01
Rezgui Rachid 0,09 0,02 0,03 0,01 0,03 0,01 0,01
Plage des Juifs 0,01 0,01 0,01 0,01 0,01 0,01 0,01
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Lever de I'Aurore 0,06 0,01 0,01 0,02 0,01 0,01 0,01
Joannonville 0,19 0,04 0,27 0,01 0,03 0,22 0,23
Sidi Salem 0,22 0,07 0,20 0,02 0,01 0,05 0,04
Table 5. Distribution of ML categories/ m?/ zone.
Zone Plastics Woods Glasses Metals Textiles S:;E::rds/ Unidentified Total
Z1 0,26 0,18 0,16 0,12 0,01 0,08 0,06 0,87
Table z2 0,55 0,01 0,29 0,14 0,13 0,01 0,09 1,22
Z3 0,41 0,11 0,47 0,03 0,04 0,27 0,27 1,60
Classification of beaches by their Clean Coast Indexes
|| Classement ||
Beaches ML/m? CClI Per beach Per zone
Sable d’or 3 0,38 7,6 moderately clean 71
Chétaibi Ville 0,27 5,4 moderately clean moderatelv clean
Oued Boukrat 0,31 6,2 clean y
Ain Achir 0,22 4,4 clean
Belvédére 0,14 2,8 clean
Refes Zahouane 0,23 4,6 clean
La Caroube 0,23 4,6 clean Z2
Rizi Amor 0,18 3,6 clean clean
Rezgui Rachid 0,20 4,0 clean
Plage des Juifs 0,07 1,4 very clean
Lever de I'Aurore 0,13 2,6 clean
Joannonville 0,99 19,8 dirty Z3
Sidi Salem 0,61 122 dirty dirty
Aok Z1 Mediterranean Sea 4 Cap de Garde
Algeria
72
Gulf of Annaba
SO
$10
Wilaya o; Skikda
Wilaya of
El Tarf : 73
S13

6.

Figure 1. Map showing the geographical location of the wilaya of Annaba, the studied zones (Z) and beaches (S).

Outfalls of the Meboudja (O1) and Seybouse (O2) rivers.
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Figure 2. Distribution of ML groups (Kg/m?) on the 13 beaches.

Unidentified
11%

Carboards/Paper,
s

11%
Textiles
7%
Metals
7%
Glasses
23%

Plastics
31%

Woods
10%

Figure 3. Abundance of plastics on the Annaba coastline.

4. Discussion

Marine litter monitoring in the Mediterranean focuses
mainly on ML, although comparison and interpretation
of results remain limited. In Annaba, despite previous
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studies on the distribution of marine litter along beaches
[81, [9], gaps persist regarding the sources, quantities,
composition and trends of this litter. This study therefore
aims to fill these gaps by analysing the spatial
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distribution, abundance and composition of ML, while
classifying beaches according to their level of
cleanliness.

The ML found along the Annaba coastline comes from
three origins: land, sea or uncertain, and from five
probable sources: tourist activities, sanitation, specific
activities, healthcare or fishing, as well as other
unidentified sources. Our results show that the majority
of waste comes from land-based sources.

Over a total surface area of 13,000 m? spread over 13
beaches in Annaba, including 6 natural beaches, 1 village
beach and 6 urban beaches, we collected, classified,
weighed and counted 51,480 pieces of macro-waste
divided into seven different categories.

In terms of weight, an average of 0.081 kg/m2 was
recorded (varying between 0.001 and 0.146 kg/m?),
consisting mainly of glass bottles. This figure is almost
twice as high as the average observed in Slovenia (0.005
kg/m?) according to Laglbauer et al., [18].

The average density of waste was 0.30 ML/mz?, which is
lower than the world average of 1 element/mz2 [19], with
variations ranging from 0.01 ML/m? (Plage des Juifs) to
0.27 ML/m2 (Joannonville). These values are low
compared with those observed elsewhere in the
Mediterranean, for example in Italy, where the density
varies between 1.05 and 1.5 ML/m2 [20] and in the Red
Sea (0.66 ML/m?) [21].

Plastics accounted for 33% of the waste, a dominant
category also observed on beaches around the world. In
Annaba, plastics consisted mainly of PET bottles dating
from 2021 to 2024 and single-use bags. Only 1% of the
bottles were of foreign origin, 97% were manufactured
in Algeria and the remaining 2% could not be identified.
Plastics also included bags, corks, cosmetic packaging
and miscellaneous fragments. This dominance of plastics
is confirmed by numerous studies. Chaouch et al., [9]
reported that 29% of waste on the Annaba coast was
plastic. Elsewhere, for example in Spain (82.6% of
marine waste is plastic), Qatar (71.4%) and Turkey
(54.05%), similar proportions are observed [22], [23].
Paper and cardboard accounted for 10% of waste in
Annaba, up from 6% in 2018. This rate is comparable to
that observed in Turkey (10.45%), but remains higher
than that of Moroccan (4%) and Spanish (5.6%) beaches
[24].

Metals represented up to 8% of waste, a significant drop
from the 23% reported in 2018 (Chaouch et al., (2018),
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probably due to efforts to recover and recycle metals.
Glass accounted for 25% of waste, a rate similar to that
reported in 2018 in Annaba [9], but much higher than in
other Mediterranean regions, such as Spain (1.5%) or
Qatar (5.1%) [22].

Wood also recorded a decline, from 15% in 2018 to 8%
in this study, while textiles represented 5% of waste, a
similar rate to 2018 [9]. Finally, unidentified waste
accounted for 11%, well above the rate of 0.3% observed
in Spain [25].

A spatial gradient in ML density was observed, with
higher concentrations in zone Z3 (1.6 ML/m?), average
densities in zone Z2 (1.22 ML/m?) and the lowest in zone
Z1 (0.87 ML/m?), which is certainly related to human
activities. This phenomenon has been observed in other
regions such as Qatar [22].

The assessment of beach cleanliness showed that the
Plage des Juifs is classified as very clean with a Clean
Coast Index (CCI) of 1.4. The majority of beaches are
considered clean or moderately clean, while Sidi Salem
and Joannonville have the highest pollution indices, at
12.2 and 19.8, respectively. These results indicate an
urgent need for local intervention to improve the
cleanliness of these 2 beaches, which are mainly polluted
by residents, bathers, sewage and fishing activities. The
short-term objective is to classify the majority of beaches
as very clean.

5. Conclusion

This study provides detailed information on the spatial
distribution, characterisation, likely sources and quality
index of marine litter along the west coast of Annaba.
The density of marine litter (0.3 items/m?) is lower than
the world average of 01 item/m2. We observed a spatial
gradient in waste density, with higher concentrations in
zone Z3 (urbanised area, close to chemical industries and
the mouths of two rivers), intermediate densities in zone
Z2 (City centre), and the lowest in zone Z1 (area away
from pollution sources). Urgent measures, tailored to the
specific characteristics of each zone, are needed to
improve the environmental quality of Annaba province
beaches and ensure their preservation for future
generations. Plastics are the dominant category of waste,
a phenomenon similar to that seen on beaches
worldwide. Almost all the plastic bottles collected have
been produced in Algeria over the last four years. This
underscores the need to limit single-use products and
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adopt stricter local regulations, while closing the

recycling gap, which remains below 10% in Algeria.

The protection of Annaba's coastal zone, although

complex, is achievable. The results of this study will

contribute to the development of the master plan for the

management of household and similar waste in Annaba,

currently under preparation [26].

References

1. Serra-Gongalves C, Lavers JL, Bond AL. Global
review of beach debris monitoring and future
recommendations. Environmental Science and
Technology. 2019 ; 53:12158-12167
DOI: 10.1021/acs.est.9b01424

2. EC JRC, European Commission, Joint Research
Center. MSFD Technical Subgroup on Marine Litter
(TSG-ML). Guidance on Monitoring of Marine Litter
in European Seas. Scientific and Technical Research
Series. Publications office of the European
Union, Luxembourg,2013. p 128.
DOI:10.2788/99475

3. Turrell W R. A simple model of wind-blown tidal
strandlines: how marine litter is deposited on a mid-
latitude, macro-tidal shelf sea beach. Mar Pollut Bull.
2018; 137: 315-330.
https://doi.org/10.1016/j.marpolbul.2018.10.024

4. Barboza LGA, Cozar A, Gimenez BCG, Barros

TL, Kershaw PJ, Guilhermino Sheppard
LC. Macroplastics  Pollution in the Marine
Environment. World Seas An Environmental

Evaluation (2™ edn).2019;3:305-328.
https://doi.org/10.1016/B978-0-12-805052-1.00019-
X

5. Jeftic L, Sheavly S, Adler E., Marine Litter: A Global
Challenge. Regional Seas, United Nations
Environment  Programme, 2009. p 232
DOI: 10.4236/ns.2011.311118

6. Mcllgorm A, Campbell HF, Rule MJ. The economic
cost and control of marine debris damage in the Asia-
Pacific region Ocean Coast Manag. 2011; 54: 643-
651. DOI: 10.1016/j.ocecoaman.2011.05.007

7.Jang YC, Hong S, Lee J, Shim WJ. Estimation of lost
tourism revenue in Geoje Island from the 2011
marine debris pollution event in South Korea. Mar
Pollut Bull. 2014;81(1):49-54.
DOI: 10.1016/j.marpolbul.2014.02.021

8. Boussaha A, Djebar B. Macro wastes cluttering the
coastline of Annaba city (north-east Algeria):

738

preliminary socio-economic survey. AES Bioflux.
2018;10(1):30-54. http://www.aes.bioflux.com.ro

9. Chaouch R, Tandjir L, Djebar AB. Bulky solid waste
from urban coastal beaches of Annaba (Algeria).
International Journal of Biosciences. 2018;12(1):

219-229.  http://dx.doi.org/10.12692/ijb/12.1.219-
229

10. Bousri AF. Pradel DL. La population d'Algérie
d'apres le recensement de 1966. Population

1971;26(1):25-46.
https://www.persee.fr/doc/pop 00324663 1971 hos
26 1 4969
11. Ministére du Tourisme et de 1’ Artisanat, Direction de
la wilaya d’Annaba (2023).
https://annaba.mta.gov.dz/fr/home-fr/
Galgani F, Hanke G, Werner S, Oosterbaan L,
Nilsson P, Fleet D, Kinsey S, Thompson RC,.
Franeker J, Vlachogianni T, Scoullos M, Veiga JM,
Palatinus A, Matiddi M, Maes T, Korpinen S,
Budziak A, Leslie H, Gago J, Liebezeit G. Guidance
on Monitoring of Marine Litter in European Seas: a
guidance  document  within the  Common
Implementation Strategy for the Marine Strategy
Framework Directive. JRC scientific and policy
reports MSFD Technical Subgroup on Marine
Litter,2013. DOI: 10.2788/99475
OSPAR Commission. Guideline for Monitoring
Marine Litter on the Beaches in the OSPAR Maritime
Avrea, 2010. http://dx.doi.org/10.25607/0BP-968
MSFD Marine Environment Action Plan of the
Marine  Strategy = Framework  Directive,2008.
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CEL
EX:32008L0056:en:NOT
Vlachogianni T. Methodology for Monitoring
Marine Litter on Beaches. DeFishGear project, 2017.
http://dx.doi.org/10.25607/0OBP-1556
Lippiatt S., Opfer S., Arthur C. 2013. Marine Debris
Monitoring and Assessment. NOAA Technical
Memorandum NOS-OR&R-46. DOl:
http://dx.doi.org/10.25607/0BP-727
Alkalay R, Pasternak G, Zask A, . Clean-coast
index - a new approach for beach cleanliness
assessment. Ocean Coast Manag.2007;50:352-362.
DOI: 10.1016/j.ocecoaman.2006.10.002
18. Laglbauer BJL, Franco-Santos RM, Andreu-
Cazenave M, Brunelli L, Papadatou M, Palatinus A,

12.

13.

14.

15.

16.

17.



http://www.jchr.org/
http://dx.doi.org/10.1021/acs.est.9b01424
https://doi.org/10.1016/j.marpolbul.2018.10.024
https://doi.org/10.1016/B978-0-12-805052-1.00019-X
https://doi.org/10.1016/B978-0-12-805052-1.00019-X
https://doi.org/10.4236/ns.2011.311118
http://dx.doi.org/10.1016/j.ocecoaman.2011.05.007
http://dx.doi.org/10.1016/j.marpolbul.2014.02.021
http://dx.doi.org/10.12692/ijb/12.1.219-229
http://dx.doi.org/10.12692/ijb/12.1.219-229
https://www.persee.fr/collection/pop
https://www.persee.fr/issue/pop_0032-4663_1971_hos_26_1?sectionId=pop_0032-4663_1971_hos_26_1_4969
https://www.persee.fr/doc/pop_00324663_1971_hos_26_1_4969
https://www.persee.fr/doc/pop_00324663_1971_hos_26_1_4969
http://dx.doi.org/10.2788/99475
http://dx.doi.org/10.25607/OBP-968
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0056:en:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0056:en:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0056:en:NOT
http://dx.doi.org/10.25607/OBP-1556
http://dx.doi.org/10.1016/j.ocecoaman.2006.10.002

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(6), 730-739 | ISSN:2251-6727

19.

20.

21.

22.

23.

Grego M, Deprez T. Macrodebris and Microplastics
from Beaches in Slovenia. Marine Pollution
Bulletin.2014; 89(1-2):356-
366. DOI: 10.1016/j.marpolbul.2014.09.036
Galgani F, Hanke G, Maes T. Global distribution,
composition and abundance of marine litter
M. Bergman, L. Gutow, M. Klages ,1%*  ed.,Marine
Anthropoegenic  Litter, Springer, Berlin .2015.pp.
29-56. DOI: 10.1007/978-3-319-16510-3_2
Giovacchini A, Merlino S, Locritani M, Stroobant
M. Spatial distribution of marine litter along Italian
coastal areas in the Pelagos sanctuary (Ligurian Sea
— NW Mediterranean Sea): a focus on natural and
urban beaches. Mar Pollut Bull.2018;130:140-152.
https://doi.org/10.1016/j.marpolbul.2018.02.042
Martin C, Almahasheer H, Duarte CM. Mangrove
forests as traps for marine litter. Environ Pollut.
2019;247:499-508.
https://doi.org/10.1016/j.envpol.2019.01.067
Veerasingam S,_Al-Khayat J, Aboobacker VM,
Hamza S, Vethamony P. Sources, spatial distribution
and characteristics of marine litter along the west
coast of Qatar. Marine Pollution
Bulletin.2020;159:111478. DOI:
10.1016/j.marpolbul.2020.111478

Ozseker K, Coskun T, Eriiz T. Show more Exploring
seasonal, spatial and pathways of marine litter

739

24,

25.

26.

pollution along the Southeastern Black Sea Cost of
Turkiye. Marine Pollution Bulletin.2024;
202:116348.
https://doi.org/10.1016/j.marpolbul.2024.116348
Vlachogianni T, Fortibuoni T, Ronchi F, Zeric C,
Mazziotti C, Tutman P, Bojanic VD, Palatinus A,
Trdan S, Peterlin M, Mandic M, Markovic O, Prvan
M, Kaberi H, Prevenios M, Kaolitari J, Krogi G, Fusco
M, Kalampokis E, Scoullos M. Marine Litter on the
Beaches of the Adriatic and lonian Seas: An
Assessment of Their Abundance, Composition and
Sources. Marine Pollution Bulletin. 2018;131:745-
756.
https://doi.org/10.1016/j.marpolbul.2018.05.006
Asensio MF, Anfuso G, Williams AT. (Beach litter
distribution along the western Mediterranean coast of
Spain, Marine Pollution Bulletin. 2019;141:119-126
https://doi.org/10.1016/j.marpolbul.2019.02.031

Executive Decree 07-205 of June 30, 2007.
Establishing the terms and procedures for the
development, publication and revision of the
municipal plan for the management of household and
similar waste. Official Journal of the Algerian
Republic n° 43, 1% July 2007, p7-8
https://www.joradp.dz/



http://www.jchr.org/
https://doi.org/10.1016/j.marpolbul.2014.09.036
http://dx.doi.org/10.1007/978-3-319-16510-3_2
https://doi.org/10.1016/j.marpolbul.2018.02.042
https://doi.org/10.1016/j.envpol.2019.01.067
https://www.researchgate.net/profile/Jassim-Al-Khayat?_sg%5B0%5D=vUq5ALwWfm-D5d8p-niFYJUkWt09-v9gtNQQ1fbhd5YvnUo4fzud0X9C6qvNKIf88Te8kyE.6dU2NWlKI17jRFzyS6wT1zhPj5t3oMPV_BIRxwArZO2VYt2uD90YVyZazMbE4PEpQgd4oD9WHkqnK8chI66GOQ&_sg%5B1%5D=KpfjSlq_11LfYgjVxNNvcOER7JngwFLbpQ0zCV0YwCvcdDfWNMXgBa5akYi_9nOUhNyEiok.4rUkQCMkH1k1zlvT8djZoLdxiSGbgY4Gx_oTTQqemsuJBeKurySDgnIgJR7eB1iOOswRibtpsQcNug6fjrqfpA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Aboobacker-V-M?_sg%5B0%5D=vUq5ALwWfm-D5d8p-niFYJUkWt09-v9gtNQQ1fbhd5YvnUo4fzud0X9C6qvNKIf88Te8kyE.6dU2NWlKI17jRFzyS6wT1zhPj5t3oMPV_BIRxwArZO2VYt2uD90YVyZazMbE4PEpQgd4oD9WHkqnK8chI66GOQ&_sg%5B1%5D=KpfjSlq_11LfYgjVxNNvcOER7JngwFLbpQ0zCV0YwCvcdDfWNMXgBa5akYi_9nOUhNyEiok.4rUkQCMkH1k1zlvT8djZoLdxiSGbgY4Gx_oTTQqemsuJBeKurySDgnIgJR7eB1iOOswRibtpsQcNug6fjrqfpA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Aboobacker-V-M?_sg%5B0%5D=vUq5ALwWfm-D5d8p-niFYJUkWt09-v9gtNQQ1fbhd5YvnUo4fzud0X9C6qvNKIf88Te8kyE.6dU2NWlKI17jRFzyS6wT1zhPj5t3oMPV_BIRxwArZO2VYt2uD90YVyZazMbE4PEpQgd4oD9WHkqnK8chI66GOQ&_sg%5B1%5D=KpfjSlq_11LfYgjVxNNvcOER7JngwFLbpQ0zCV0YwCvcdDfWNMXgBa5akYi_9nOUhNyEiok.4rUkQCMkH1k1zlvT8djZoLdxiSGbgY4Gx_oTTQqemsuJBeKurySDgnIgJR7eB1iOOswRibtpsQcNug6fjrqfpA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Ponnumony-Vethamony-2?_sg%5B0%5D=vUq5ALwWfm-D5d8p-niFYJUkWt09-v9gtNQQ1fbhd5YvnUo4fzud0X9C6qvNKIf88Te8kyE.6dU2NWlKI17jRFzyS6wT1zhPj5t3oMPV_BIRxwArZO2VYt2uD90YVyZazMbE4PEpQgd4oD9WHkqnK8chI66GOQ&_sg%5B1%5D=KpfjSlq_11LfYgjVxNNvcOER7JngwFLbpQ0zCV0YwCvcdDfWNMXgBa5akYi_9nOUhNyEiok.4rUkQCMkH1k1zlvT8djZoLdxiSGbgY4Gx_oTTQqemsuJBeKurySDgnIgJR7eB1iOOswRibtpsQcNug6fjrqfpA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Marine-Pollution-Bulletin-0025-326X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Marine-Pollution-Bulletin-0025-326X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1016/j.marpolbul.2020.111478
https://www.sciencedirect.com/journal/marine-pollution-bulletin
https://www.sciencedirect.com/journal/marine-pollution-bulletin/vol/202/suppl/C
https://www.sciencedirect.com/journal/marine-pollution-bulletin/vol/202/suppl/C
https://doi.org/10.1016/j.marpolbul.2024.116348
https://doi.org/10.1016/j.marpolbul.2018.05.006
https://www.sciencedirect.com/journal/marine-pollution-bulletin
file:///F:/THESE%20DOCTORAT/141
https://doi.org/10.1016/j.marpolbul.2019.02.031

