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Abstract

This study provides an assessment and characterization of marine litter pollution
among various beaches of the Bay of Bengal coastline of Bangladesh, through
standardised surveys. The data suggests that marine litter density was greatest in areas
where anthropogenic activity was highest, such as Coxs Bazar (a popular tourist
attraction) and Chittagong (second largest urban concentration in the country). The
majority of collected litter originated from domestic and recreational sources,
indicating that marine litter pollution is of local origin instead of being washed ashore
through ocean current deposition; as well as further emphasising the pattern of
increasing marine litter pollution with increasing human presence. Plastic, polystyrene,
and paper and cardboard litter was present among all sites surveyed, with plastic
dominating in abundance. Limited beach cleaning activities were being conducted
among the beaches surveyed, and marine litter management programmes were also
limited. Recommendations include the provisioning of increased numbers of refuse
bins, the development of long-term monitoring programmes on the coastlines as well as
along marine litter source pathways, reviewing the “National Municipal Solid Waste
Management” program, and the development of a National Marine Litter Policy to
reduce and control marine litter pollution along the shores of Bangladesh. The
application of these recommendations are likely to contribute to regional and global
initiatives such as the upcoming Global Plastics Treaty.
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Highlights

e The abundance and composition of marine litter in the Bay of Bengal was
investigated.

e A total of 9471 litter items were collected from five beaches.
e Plastic litter formed the majority of all the litter items (66 %).
e Domestic and recreational activities are the major possible sources of marine litter.

e Lack of adequate existing marine litter management programmes and facilities
highlight the need for a national marine litter policy.

1. Introduction

Marine litter, also known as ‘marine debris’, is commonly defined as “‘any persistent,
manufactured, or processed solid material discarded, disposed of or abandoned in the
marine and coastal environment” (Galgani et al., 2010, p4). Litter arrives in marine
reservoirs from land and sea-based sources with rivers, illegal dumping, beach
abandonment by visitors, and the disposal from ships, offshore installations, drainage
systems, flooding, and wind action all contributing to the transportation of marine
debris. (UNEP/MAP, 2012; Anfuso et al., 2015; Prevenios et al., 2018), such that
marine litter pollution is increasingly being reported worldwide (Schneider et al.,
2018). The accumulation of marine litter along marine and coastal environments has
become a considerable problem for low, middle and high income countries (UNEP,
2014; Jang et al., 2018), as it causes harmful environmental problems (Gregory, 2009;
Todd et al. 2010; Votier et al., 2011), threatens human health (Whiting, 1998; Campbell
et al., 2019; Landrigan et al. 2020), and affects the aesthetic value of beaches and other
coastal environments (Tudor and Williams, 2003; Anfuso et al., 2015, 2017).

More than 80% of marine pollution originates from land-based activities
(UNEP/Oceans Conservancy/Regional Seas/GPA, 2009). Marine litter generally
consists of slowly-degradable waste materials from constructed plastic, polystyrene,
various metals and glass. Marine litter can thus persist and move in marine and coastal
environments for long periods of time, floating on the water surface, drifting through
the water column, sink to the sea bed, or become caught along shallow coastlines (such
as beaches and tidal pools). With the increasing concentration of humans along global
coastlines and coastal migration (Nieeuman et al. 2015; Hugo 2011; McGranahan et al.
2007), and locals and tourists visiting attractive beach destinations, marine pollution is
likely to intensify among beaches and other coastal environments, increasing the risk to
human and environmental health.
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Of the five coastal countries ) in the South Asian Seas (SAS) region (Bangladesh, India,
Maldives, Pakistan and Sri Lanka, information regarding marine litter is available from
India (for example Quasim et al. 1988; Shanmugam et al. 2007; Anbuselvan et al. 2018;
Perumal et al. 2023), Sri Lanka (for example Darmadasa et al. 2021; Koongolla et al.
2018; Jang et al. 2018), and Bangladesh (Islam et al. 2022a and 2022b; Mubin et al.
2023; Nawar et al. 2023; Al Nahian et al. 2022; Rakib et al. 2022; and Afnan and
Khanam 2021), but data on marine litter pollution is generally limited. Where regional
assessments of marine debris have been conducted in the past for the SAS region
(SACEP 2007), the information is outdated and does not accurately reflect the current
status of marine pollution on a national level. Other sources of information about
marine litter in the SAS region include national reports (including from Bangladesh,
Ahmed et al. 2019) for the development of the Regional Marine Litter Action Plan for
the South Asia Seas (SACEP 2019a).

Regional initiatives for addressing marine pollution in the Bay of Bengal include the
“Regional Marine Litter Action Plan for the South Asia Seas” (SACEP 2019a);
“Roadmap for Sustainable Waste Management and Resource Circulation in South Asia
2019-2030” (SACEP 2019b); “Regulating Marine Litter and Plastic Wastes in SAS
Region” (Desai 2019), and the SACEP “Plastic free Rivers and Seas for South Asia
project” (SACEP 2020). Relevant larger international agreements include the
“Contributions of Regional Seas Conventions and Action Plans to a Healthy Ocean”
report (UNEP 2022), and SACEP ratification of international legal agreements such as
the London Agreement (and others, SACEP 2021). Being signatories to these regional
agreements and plans demonstrates a country’s commitment to addressing marine
pollution on a national level through national programmes, as well as supporting similar
initiatives beyond its socio-political borders in neighbouring countries. The Global
Plastics Treaty, currently under development (UNEP 2023), presents a new
international agreement, which, once signed, will mandate countries to tackle plastic
pollution issues in a globally coordinated manner (March et al., 2023).

Marine litter research is limited in Bangladesh and more data on marine plastic
pollution is required to develop national initiatives for addressing marine plastic
pollution. The current study was initiated to establish baseline data and information on
the distribution of marine litter in Bangladesh through beach surveys (the first of its
kind), as well as investigate the legal and institutional frameworks concerning waste
management along the Bay of Bengal coastline of Bangladesh. The findings of this
paper are intended to inform the development of future marine pollution monitoring
programmes for Bangladeshi coastal systems, and national policy development
concerning the growing problem of marine plastic pollution.
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The rest of this paper is structured as follows: section 2 details the methodologies used
for the surveys in this study, section 3 presents the results from the surveys, section 4
contextualises the research findings, and the paper concludes with recommendations for
future management, research, and policy development (section 5).

2. Materials and Methods

In this study, specific research questions were addressed- (I) What is the amount and
composition of marine debris found on specific beach areas in Bangladesh? (II) What
beach litter management practices are implemented in Bangladesh? On the basis of the
above questions, this study is concerned with a comprehensive monitoring program, in
alinement with the “National Programme of Action for the Protection of the Coastal and
Marine Environment from land-based activities” (Ministry of Environment and Forests
2006), and is devoted to the characterisation of marine litter on the Bangladeshi
coastline in the Bay of Bengal.

2.1. Description of the study area

According to Cheshire et al. (2009), site selection for the study of beach litter is
specified by a minimum length of 100m (however beaches with smaller amounts of
marine debris may need to be longer in length to accurately capture representative
density data), clearly accessible to the sea, beaches need to be of a low to moderate
slope (150—450), accessible year round, and the survey should only be conducted when
there is minimal risk of danger surveyors, or where protected species are not found.
This above criteria was used to select five popular tourist beaches along the coastal zone
of Bangladesh. Most of the beaches were in tourist areas where human presence is
concentrated and thus where the occurrence of marine litter may represent a
considerable environmental, socio-economic and health problem. The five beaches that
were selected are Cox’s Bazar, Chittagong, Kuakata, Kotka and Saint Martin’s Island
(Figure 1).

Cox’s Bazar is the southernmost location among all the districts in Chittagong division
of Bangladesh. It is characterised by the world’s longest unbroken natural sea beach
(120km), and is one of the most popular tourist spots both in Bangladesh and in Asia
(Hasssan and Shahnewaz 2014). It has two separate important beach areas for tourist
attraction, one is Laboni beach and other is Inani beach. Chittagong is the second largest
urban concentration in the country and located in south-eastBangladesh. In Chittagong,
many smaller stretches of beach are situated along the coastline, however Patenga and
Ananda Bazar beach was surveyed in this study. Kuakata is in Kalapara Upazila,
Patuakhali District. This town is known for its panoramic beach from where it can offer
a full view of sunrise and sunset. It is locally known as Shagor-Kannya. Kotka is in the
eastern part of Sundarban mangrove forest which is the world largest natural mangrove
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forest (Hassan and Shahnewaz 2014). This beach is only accessible for tourists during
the winter season and is not as large as other beaches. Saint Martin’s Island is a small
isle (8 km?) formed on the southernmost part of Bangladesh. However, there is another
small adjoining island which becomes separated at high tide, Chera Dwip. The
observation of marine litter was conducted on both Saint Martin’s Island and Chera
Dwip.
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Figure 1: Study areas showing marine litter survey sites along the Bangladeshi
coast in the Bay of Bengal are indicated by red markers (beaches from east to
west: Saint Martin's Island, Cox s Bazar, Chittagong, Kuakata, and Kotka beach)

2.2. Litter survey, classification and quantification

The standardised approach proposed by Cheshire et al. (2009) was adhered to for rapid
beach litter monitoring to assess the accumulation of beach litter during the study
period (the same procedure was followed for each of the five locations). Litter items
were recorded along 10m wide transects of variable length (depending on beach
topography, although over a length of 100m) from an access point based in the central
part of the beach (Table 1). The extent of the transects included the strandline up to to
the marine landward boundary, which was usually dunes, a cliff base, seawall or other
anthropogenic structures (EA/NALG, 2000). To quantify the litter, a datasheet was
prepared by grouping marine litter into nine major categories: plastic, foamed plastic
(polystyrene), cloth, glass and ceramic, metal, paper and cardboard, rubber, wood, and
others. Marine debris items that were too small or too degraded to be identified were
categorised as ‘others’, and left out of further analyses (Table 1 data includes “others”
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in the totals, but the proportions in Figure 3 does not include ‘others’ in the totals from
which they were calculated). Items of debris were gathered, identified, categorised
based on their composition, and then quantified (Cheshire et al., 2009; Galgani et al.,
2013). The composition of marine litter is important as it provides vital information on
individual items, which can be traced back to their sources (Browne, 2015). The marine
debris were further characterised according to five broad categories of origin according
to the “International Coastal Cleanup Report from 2009 (Ocean Conservancy 2009):
“shoreline/recreational”, “ocean/waterway”, “smoking related”, “dumping”, and
“medical/personal hygiene”. “Cleanliness of beaches” was inferred by using the density
of marine litter as a proxy. Density of marine items was calculated as the total number
of collected items per square metre of beach surface, using the following formula:

Density = Total litter on transect
Y™ Total area of transect)

where the total area of the transect was calculated by multiplying transect length with
transect width. Location and transect measurements were made using a GPS enabled
smartphone, bearing the tidal regimes of each location in mind.

During the marine litter surveys, the presence of refuse bins for the disposal of marine
litter was recorded, as well as the organisation that maintains them (if any). The
presence of any regular marine litter collection activities by private organisations or
public authorities were also investigated, through professional networks and local
enquiries.

Marine litter surveys were conducted from November 2017 to February 2018. The
beach surveys were conducted during winter to create a synopsis overview of marine
litter characteristics and distribution during a period where beach cleaning operations
were not conducted.

3. Results and Discussion

3.1. Abundance, composition, and density of marine litters

The abundance, composition and average density of collected marine litter from the
study areas are presented in Table 1 and Table 2 (Annex 1). A total of 9471 items of
marine litter in 9 different categories was recorded from the surveyed areas of Cox’s
Bazar, Chittagong, Kuakata, Kotka and Saint Martin’s Island (Table 2). Among the total
recorded marine litter, approximately 66% of plastic, 10% of foamed plastic, 3% of
cloth, 1% of glass and ceramic, 1% of metal, 9% of paper and cardboard, 3% of rubber,
2% of wood, and 5% other materials were categorised. A clear spatial variability of the
abundance of marine litter was observed in the surveyed beaches. The highest amount
of marine litter was recorded from Cox’s Bazar (4573 items) followed by Chittagong
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(2132 items), Saint Martin’s Island (1916 items), Kuakata (709 items) and Kotka (141
items) (Table 1). The highest density of marine litter was recorded from Cox’s Bazar
(0.114 items/m?), followed by Chittagong (0.102 items/m?), Kuakata (0.047 items/m?),
Saint Martin’s Island (0.095 items/m?), with the lowest density recorded from Kotka
(0.035 items/m?, Table 1).

Table 1: Abundance and densities (items/m?) of marine litter in the five coastal beaches
of Bangladesh.

Coastal arca Transect | Transect Area Number of Density
Width (m) | Length (m) |  (m?) Litter Ttems (items/m?)
Cox's Bazar 10 4000 40000 4573 0.114
Chittagong 10 2100 21000 2132 0.102
Kuakata 10 1500 15000 709 0.047
Kotka 10 400 4000 141 0.035
Saint Martin’s Island 10 2000 20000 1916 0.095

Analysis of the make-up of litter collected from various coastal regions in Bangladesh
indicate that “plastics”, (including petroleum-based synthetic materials of any kind),
made up the greatest fraction of the total amount of identified marine litter. Product
packaging materials, fishing equipment such as nets, and unidentifiable pieces of plastic
and polystyrene accounted for the majority of marine debris items that were recorded in
this category, as has been found in other research (Galgani et al. (2013). Furthermore,
these results are in accordance with other studies, in that they highlighted that plastic
was the most dominating and frequent material among marine litter on beaches (Ivar do
Sul and Costa, 2007; Oigman-Pszczol and Creed, 2007; Eriksson et al., 2013; Portman
and Brennan, 2017; Poeta et al., 2016; Kumar et al., 2016).

The collected litter items were also categorised according to source-of-origin
categories:  “shoreline/recreational”,  “ocean/waterway”,  “smoking related”,
“dumping”, and “medical/personal hygiene activities” (according to Ocean
Conservancy 2009). Shoreline/recreational activities that produced litter, such as paper
and plastic bags, plastic cups, and corn stalks and food wrappers, (etc.) were the largest
source of litter identified (70.6%, Figure 2). Litter derived from dumping actions
(13.64%) which included items such as building materials, metal and glass fragments,
fabric waste, and paper-based products (including cardboard) constituted the second
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greatest source. The rest of the marine debris items originated from smoking related
actions  (8.85%), ocean/waterway activities (2.8%), medical/personal hygiene
categories (0.07%), and others (4.04%).

Sources of marine litter
Others -:I 4.04
Medical/personal hygiene activities | 0.07
Dumping activities -:I 13.64
Smoping related activities -:I 8.85

Ocean/waterway [ 2.80

Shoreline/recreational activities ] 70.60

0 10 20 30 40 50 60 70 80
Occurance %

Figure 2: Sources of marine debris (according to Ocean Conservancy 2009).

The relative proportion of types of marine debris on the different surveyed beaches
(Figure 3) indicates that plastic marine litter dominated on these beaches (>58%),
followed by either foamed plastic (3-11%) or paper and cardboard litter types (5-17%)
depending on beach location, but were found in all sites surveyed. Metal, cloth, rubber,
glass and ceramic, as well as wood items were found in relatively low proportions
(<10%, Figure 3). The relative proportions of marine litter on each of the five surveyed
beaches (Figure 3) should be interpreted with the consideration of the total number of
litter items collected (Table 1). Marine litter on Kotka beach consisted of only three
types: plastic, paper and cardboard, and cloth (Figure 3-E), whereas Cox’s Bazar and
Saint Martin’s Island had all 8 types of marine litter (Figure 3-A and C, respectively).
Kuakata beach and Chittagong beach did not have any metal marine litter (Figure 3-B
and D, respectively).

There was variation in the abundance and make-up of beached marine debris between
the study locations. The variability can be explained by differences in anthropogenic
elements (such as the presence of bleach clean-up programmes, number of visitors,
presence of waste disposal facilities like bins) as well as physical considerations (e.g.
environmental variables such as the waves, winds, and tides; beach location and
orientation with respect to the Bay of Bengal, and coastline morphology). The
abundance of collected litter items increased with the increasing area of the transect
surveyed (Table 1), and smaller transects were associated with fewer marine litter items.
Marine litter density should thus be used as a more robust indicator of marine litter
pollution, when comparing different locations, but the data (Table 1) suggests this
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indicator may also be influenced by the size of the area studied (albeit to a lesser extent).
The greater density of marine litter found on Cox’s Bazar can be explained by the
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Figure 3: Relative proportion (%) of different types of marine debris among the five beaches
surveyed on the coast of the Bangladeshi coastlines in the Bay of Bengal. Data labels indicate
the relative proportion (%) of the total collected on each beach (with ‘others’ removed). A-
Cox s Bazar, B - Chittagong, C- Saint Martin's Island, D - Kuakata, E - Kotka.
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occurrence of large congregations of people (large numbers of tourists) at Cox’s Bazar
as it is the more more attractive and famous tourist destination in Bangladesh when
compared to the other beaches surveyed in this study (Hasssan and Shahnewaz 2014).
The relatively high marine litter density in Chittagong is likely due to Chittagong being
the second largest city and industrial hub in Bangladesh (Mia et al. 2015) and therefore
also hosts a large number of people on its beaches. Saint Martin’s Island is also a
popular tourist destination (Kamruzzaman 2018). This data presents a pattern whereby
the larger concentrations of human activity is associated with larger degrees of marine
litter pollution. This pattern could then explain the relatively low marine litter density
of the less popular locations, Kuakata and Kotka beaches. However, the size of the
transects surveyed in each location was directly associated with the number of marine
litter items collected, i.e. the larger the transect, the more marine litter was collected. In
future surveys, multiple transects of standardised dimensions per location, should yield
more robust data with which to confirm the observed pattern.

The results suggested that the average density of litter items recorded in the present
study (0.1 items/m?) was lower than the global density of 1 items/m? as well as other
studies elsewhere in the world (Table 3, Annex 1). Specifically, The litter density of the
Bangladeshi coastal areas (0.1 items/m?) was similar to those recorded from Australia
(Cunningham and Wilson, 2003) and lower than those from Brazil (Oigman-Pszczol
and Creed, 2007), Taiwan (Kuo and Huang, 2014), Italy (Munari et al., 2016), Russia
(Kusui and Noda, 2003), Turkey (Aydin et al., 2016), and Ireland (Benton, 1995). The
contextualisation of our results with other research suggest that beaches along the
coastline of Bangladesh are less polluted by marine litter, than the other locations
globally (Table 3), despite having been ranked 10th as one of the world’s greatest
marine debris polluters (Jambeck et al. (2015). However, the above studies may have
been conducted using different size ranges and categorisations of marine litter in their
surveys. Nevertheless, generalised patterns indicate elevated concentrations of plastic
litter closer to urban areas and tourist destinations (Barnes et al., 2009).

Density, and counts of marine litter items as proxies for marine litter pollution does not
account for size differences of marine litter items, and may thus fail in accurately
representing the status of marine litter pollution in different locations (but density
remains a more robust indicator than counts of marine litter items). Size differences are
important to consider with comparisons of the density of marine litter, as the number of
individual items of marine litter tends to increase as size decreases, with segments
breaking off the original item as it deteriorates (Martins and Sobral, 2011). This
problem highlights the challenge of synergising different marine litter databases and
sources, and emphasises the need for standardised indicators and surveying approaches.
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Marine litter has commonly been observed and recorded everywhere throughout the
marine environment with available information suggesting that the occurrence of
marine debris is highly dynamic in time and space (UNEP 2021). Debris can make its
way into the ocean from sources on land, ships, and sea installations, both through
specific points and diffuse origins, and may traverse significant distances before
ultimately settling. The majority of the litter items recorded in this study was derived
from domestic and recreational activities (Figure. 2) suggesting a large degree of
anthropogenic pressure on beaches in Bangladesh. Most of the litter can be inferred to
be local origin, and is thus more likely to occur due to human-related activities on
beaches (including tourism activities), rather than being washed in from ocean current
deposition. Further evidence such as the presence of foamed plastic, and paper and
cardboard litter types on all surveyed sites, potentially indicated fast food wrappers and
packaging (and thus human activity), which could explain why these litter types were
found in high proportions, second to plastic litter (Figure. 3), as well as the source of
this litter being of local origin.

The marine litter samples collected in the present study were gathered up to the high
strandline, which may have led to an overestimation of the amounts of marine debris, as
debris tends to accumulate at the strandline, and subsequently influenced our
composition data (Hidalgo-Ruz et al., 2012; Lee et al., 2017, UNEP 2021 p68).
Differences in the size of transects among different locations (such as due to specific
beach topography) may also skew interpretations, like the transect from Kotka beach
which was relatively small and may thus not have been able to reflect the full extent of
the variation in marine litter beyond only three types (Figure.3-E). The study is also
limited in that it uses data collected in 2017 - 2018 and may not be representative of the
scale of current marine pollution in the surveyed areas, thus necessitating the use of
fractional indicators (such as percentage data) to elucidate patterns in marine litter
distribution.

3.2. Marine litter collection and disposal facilities on the surveyed beaches

Cox’s Bazar sea beach is the longest beach of the world (Hasssan and Shahnewaz
2014), and marine litter collection facilities along the 120 km stretch of coastline
varied. The district commission has provided refuse bins next to some public benches
and chairs, for the disposal of marine litter, as well as billboard/posters encouraging
tourists to keep the beaches clean. Local private organisations (such as Robi,
Banglalink, and Berger Paints Bangladesh Ltd.) have sponsored various collection bins
along the beach (facilitating the advertisement of their businesses). An estimated thirty
women conduct beach cleaning activities on the Cox’s Bazar beach (from Laboni Point
to Kolatoli Point) twice a day at 8:00 am and 3:00 pm, collecting marine litter in bins,
burning the flammable waste, and burying other waste in landfills in nearby Tamarisk
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sp. forests. The local Bangladesh Tourist Police also assist the Cox’s Bazar Beach
Management Committee in keeping the beach clean. Every fortnight on Inani beach,
local authorities and local businessmen participate in beach cleaning activities. The
Bangladesh Army maintains the coastline and locality around their camp, near Cox’s
Bazar.

No cleaning activities or initiatives were taken in the Chittagong area. In Kuakata, some
dustbins were present near some of the beach benches and Kuakata Union Parishad
claimed that they maintained them. Refuse bins were cleaned when they became dirty,
and flammable waste was burned or buried in a safe place, away from the public on the
beach. No cleaning activities were present in the Kotka area and no dustbins were
present either except one near the forest office of Kotka, Sundarban. In Saint Martin’s
Island, the company Berger Paints Bangladesh Ltd. provided some dustbins near beach
benches (with associated advertisement). Along the beach, no cleaning activities were
conducted through local government bodies at the time of survey, however some NGOs
do conduct beach cleaning events sporadically.

3.3. Management recommendations and solutions

Marine litter cleaning activities varied between the different beaches. Cox’s Bazar and
Kuakata locations have some cleaning activities, whereas no regular organised cleaning
or removal of marine litter occurred in Chittagong, nor Kotka. Furthermore, limited
numbers of refuse bins were present among the beaches surveyed, with the only bins
present in some locations having been sponsored by local companies. Given that a
significant portion of marine litter appeared to stem from recreational activities (Figure
2), ensuring there are sufficient litter bins near popular recreational spots could
contribute to a decrease in the amount of litter left behind by local beachgoers and
tourists (Shubo et al. 2013). There is also the option of developing and installing “smart
dustbins” to optimise the collection routes of refuse vehicles, and reduce service costs
(Mishra and Kumar Ray 2020). Sourcing financing from local businesses may be a
cost-efficient solution for the initial provisioning of bins (as it appeared to have been
successful in the past), but the cost for maintenance of these refuse locations would
need to be absorbed by local government for their long term effectiveness. Additionally,
awareness programs can be developed to inform the public on the negative
consequences of marine litter to environmental and human health, which may
incentivise voluntary public participation in disposing of marine litter (Sarker et al.
2012). Where beach cleaning activities are conducted, training for those involved,
especially local managers charged with conducting beach clean-up programs, may be
facilitated such that the use of standardised indicators and protocols can be followed.
This will facilitate the integration of the data collected during these beach clean-up
activities with other local, national, regional, and global databases (UNEP 2021 p74).
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While global monitoring programmes (NOAA Marine Debris Monitoring Assessment
Project, Ocean Data Platform, LITTERBASE, etc.) attempt to consolidate marine
debris observations and data on a global scale, many such initiatives remain fragmented
and hard to compare with one another, as they are not structured according to the same
indicators (UNEP 2021, p74). There is a need for increased standardisation and
interoperability of these global datasets and platforms for global marine litter initiatives
to be effective (UNEP 2021 p74). It is thus recommended that a smaller regional-scale
data repository be developed specifically for the SAS region, incorporating globally
accepted indicators, facilitating its interoperability with other global and regional
datasets (see UNEP 2021 Figure 8 - p74). Together with the development of national
marine litter policies, such a platform would encourage the continued monitoring of
marine litter, collecting the necessary data needed for informing future policy decisions
(such as the Global Plastics Treaty), remediative initiatives to address marine pollution,
and establishment preventative measures to limit the extent of marine pollution in
future.

Transitioning to a circular economy may reduce the extent of marine pollution in
Bangladesh. The circular economy requires that products have a closed life-cycle in that
they are either repurposed or reconstituted into a different product, as opposed to the
linear life-cycle of products today (which end with being disposed of). Some types of
marine litter such as metal, paper, plastic and rubber can be recycled and used again.
The reduce-reuse-recycle (3R) approach to the lifespan of products may limit the
abundance of marine litter in beach environments but sufficient awareness campaigns
and infrastructure need to be developed for this approach to be effective.

Proposed alternatives, such as encouraging the use of easily biodegradable materials to
minimise plastic usage, providing financial incentives for marine litter removal via
subsidy programs, and regularly monitoring the accumulation of plastics and other
debris in beaches and coastal waters, have the potential to mitigate the enduring effects
of litter pollution on Bangladesh's coastal beaches.

The banning of single-use plastic (polyethene) bags in 2002 was intended to reduce
pollution and debris in Bangladesh’s waters, through the elimination of a key waste
item, however, it had limited impact on reducing plastic pollution associated with this
plastic item (March et al., 2022). There is a pressing need to review the “National
Municipal Solid Waste Management” program to implement widely-approved beach
litter management actions that centre on the determination and control of different
sources of waste, and the implementation of cleaning programs throughout the entire
year. This will contribute to the identification of the relative contribution of different
waste streams to marine debris pollution, as well as identify unnecessary key waste
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items that could be removed from production, and thus limit marine litter pollution.
This information can then also inform more upstream measures on plastic pollution that
are needed to manage sources of plastic ultimately ending up on the shores (March et
al., 2023) of Bangladesh.

While there are national policies that combat other forms of marine pollution (“National
Environment Policy 2018”; “Bangladesh Environmental Conservation Act 1995 -
amended in 2010; “Environmental Conservation Rules 1997”; “Solid Waste
Management Rules 2021”; “Ecologically Critical Area Management Rules 2016”;
“Bangladesh Biological Diversity Act 2017”; “Marine Pollution Ordinance 1977”;
“Integrated Coastal Zone Management Plan (ICZMP)”; “Coastal Development
Strategy (CDS)”, 2004; Coastal Zone Policy”, 2005; “Coastal Zone Strategy”, 2006),
there is no specific policy on addressing marine litter pollution (Afnan and Khanam
2021). Since Bangladesh has no “National Marine Litter policy”, one of the key
recommendations of this study is to develop such policies with the specific aim of
reducing and eliminating marine litter pollution along Bangladeshi coasts and river
systems. SACEP-SAS, as the regional focal point under the “UNEP Global Partnership
on Marine Litter (GPML)”, has recently submitted a request for the allocation of grant
funding for the development of “National Marine Litter Action Plans” for the
Bangladeshi and Indian governments (SACEP 2021). Comprehensive policy
frameworks for marine pollution control in Bangladesh, with analyses of national and
international legislation already exist in available literature, to assist in the development
of such national policies (Alam and Xiangmin 2018, Alam 2022, Hossain et al. 2021).
The development of national policies to curb pollution also align with international
initiatives such as advancing the objectives of the Global Plastics Treaty.

Once national policies on marine litter have been developed, it is necessary to review
them periodically (every few years), such that they may be updated and remain
effective and relevant to the current state of national marine litter pollution (Kulratne
2020). This includes assessment of effectiveness of the policy, identification of any
loopholes (particularly in terms of imposing liabilities to marine pollution offenders),
and alignment with international agreements and development conventions (March et
al., 2022) as well as remaining coherent with other national policies. In their
examination of current national laws and regulations aimed at preventing marine
pollution in Bangladesh, Hossain et al. (2021) assessed their efficacy, as discussed
further in Alam (2022). The study unveiled gaps in addressing all forms of marine
pollution within the existing legal framework of the country, highlighting the need for
more effective measures. The authors emphasised the constitutional and international
obligation of Bangladesh to implement such measures for safeguarding the well-being
of the marine environment (Hossain et al. 2021).
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Since the data regarding marine litter is still limited in Bangladesh, regular monitoring
of marine litter pollution is needed to better understand the scope of the problem, as
well as develop tailored solutions in addressing it. The environmental, and
socio-economic impacts of marine debris on Bangladeshi coastal environments is not
fully understood with further research required to address this knowledge gap. To
effectively diminish and address marine litter pollution along the coasts of Bangladesh
as well as addressing key knowledge gaps, it is crucial to undertake prolonged
monitoring of the varieties, concentrations, and likely origins of marine debris. This
effort should be complemented by public education initiatives and the implementation
of a sound solid waste management plan. These measures are essential to eliminate
risks to both environmental and human health. Moreover, the identification of marine
litter pollution pathways and sources, (such as stormwater drainage systems, rivers and
the cities and businesses that operate along them) can facilitate targeted efforts in
halting litter pollution before it reaches the coastlines, potentially reducing the impact
coastal marine litter pollution has on the environment and tourism operations. Future
work would benefit from the development of site specific coastal zone management
practices and policies, while considering the potential combined effects of climate
change and marine pollution on Bangladeshi beaches and coastlines (as has been done
in India, Lincoln et al. 2023).
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Annex 1

Table 2: Quantity of marine litters in the five survey beaches of Bangladeshi coastline
in the Bay of Bengal (empty cells represents zero values).

Litter Type | Cox’s Bazar | Chittagong | Saint Martin’s | Kuakata Kotka
Bottle caps & lids 229 13 29 21 16
Bottles<2 L 228 72 213 54 37
Bottles, drums, jerrycans & buckets > 2 L 15 3 33 10 2
Knives, forks, spoons, straws, stirrers, (cutlery) 10 2 56
Drink package rings, six-pack rings, ring carriers 73 1 37 3
Food containers (fast food, cups, lunch boxes etc.) 120 7 45 41
Plastic bags (opaque & clear) 1311 871 578 276 47
Toys & party poppers 1 7 13 1
Cigarette lighters 11 1 3
Cigarettes, butts & filters 442 28 147 87 19
Syringes 5 1
Baskets, crates & trays 5
Plastic buoys 25 11 4
Mesh bags (vegetable, oyster nets & mussel bags) 6
Sheeting (tarpaulin or other woven plastic bags) 19
Fishing gear (lures, traps & pots) 22
Rope 208 59 30 13
Fishing net 125 22 32 8
Other 244 7 145 29 2
Foam sponge 225
Cups & food packs 10 12
Foam buoys 17 3
Foam (insulation & packaging) 207 382 48 37
Other 4
Clothing, shoes, hats & towels 29 70 107 3
Backpacks & bags 3 7
Canvas, sailcloth & sacking (hessian) 2
Rope & string 8 22
Other cloth (pampass) 27 12
Bottles & jars 60 7 18 7
Tableware (plates & cups) 16
Light globes/bulbs 2 3
Glass or ceramic fragments 2 10
Bottle caps, lids & pull tabs 11
Aluminium drink cans 12 4 23
Other cans (<4 L) 5 1
Fragments 3
Wire, wire mesh & barbed wire 4
Paper (including newspapers & magazines) 74 249 48 7 5
Cardboard boxes & fragments 2
Cups, food trays, food wrappers, cigarette packs etc. 96 54 97 41
Tubes for fireworks 1
Other (Tissue) 34 99 71 17 7
Balloons, balls & toys 3 2
Footwear (flip-flops) 111 38 54 12
Tyres 8
Inner-tubes and rubber sheet 7
Rubber bands 1 5
Condoms 2
Other (specify) 61
Ice-cream sticks, chip forks, chopsticks etc. 6 17 68
Processed timber and pallet crates 35 7 6
Matches & fireworks 15 3
Other 7
Appliances & Electronics 2
Other 441




68 Abundance, Composition, Spatial Distribution and Management Practices of
Marine Litter Along the Bay of Bengal Coast of Bangladesh

Table 3: Comparison of densities of marine litter reported globally.

Country No. of Density References

Surveyed (Items/m?)
Beaches

Bangladesh 5 0.1 This study

Italy 5 0.2 Munari et al., 2016

Russia 8 0.2 Kusui and Noda, 2003

Taiwan 6 0.15 Kuo and Huang, 2014

Turkey 13 0.92 Aydin et al., 2016

Brazil 10 0.14 Oigman-Pszczol and Creed, 2007

Australia 6 0.1 Cunningham and Wilson, 2003

Ireland 1 0.2 Benton, 1995

Global 1 Galgani et al., 2015




