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Abstract 
Marine litter is commonly found throughout the oceans, and creates a significant 
threat to the marine ecosystem. The purpose of the study was to investigate the 
abundance and distribution of marine litter in Hatiya and Nijhum Dwip Islands, 
Bangladesh during the post-monsoon and to determine beach cleanliness using the 
clean-coast index (CCI). A 100-meter line transect was established at each beach, 
divided into five sections of 20 meters each and positioned perpendicular to the 
shoreline at the water's edge. A total of 11 types of marine litter were observed. Namar 
Bazar, Nijhum Dwip Sea beach showed a higher density of litter (0.30 items/m2) 
compared to Kamalar Dighi, Hatiya (0.13 items/m2). Over 70% of marine litter 
originated from land-based sources. Plastics were abundant litter at the Kamalar Dighi 
(46.66%) and Namar Bazar (61.29%). Different size ranges of marine litter were 
exhibited at the Kamalar Dighi (1.27-25.4 cm) and Namar Bazar (2-74 cm). Based on 
the mean CCI value, Hatiya and Nijhum Dwip beaches were classified as clean (2.4) 
and moderate (4.96), respectively. This study, therefore, suggested the conceptual 
policy framework including short-term (i.e., cleanness of beaches, create awareness, 
establishment of storages, etc.) and long-term management approaches that would 
be implemented for sustainable management of marine litter to ensure the 
conservation of marine biodiversity in the Hatiya and Nijhum Dwip Island. 

Keywords: Marine litter, plastics, clean-coast index, beach, Bay of Bengal 

Subject areas: 
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Introduction 
Marine litter is defined as “any materials (e.g. plastic, metal, paper, glass) which is 
persistent, processed or manufactured and abandoned in the coastal and marine 
environment” (UNEP, 2005). Litter settles down in marine environment from land and 
sea-based sources like rivers, illegal dumping, beach abandonment by visitors, disposal 
from ships, offshore installations, drainage systems, flooding, and wind action, all 
contributing to the transportation of marine litter (UNEP, 2012; Anfuso et al., 2015; 
Prevenios et al., 2018). The number of reports of marine litter contamination is rising 
these days all around the world (Schneider et al., 2018). For nations with low, middle, 
and high incomes, the buildup of marine litter along marine and coastal habitats has 
become a significant issue (UNEP, 2014; Jang et al., 2018). It is considered a major 
threat to biodiversity and one of the most serious problems affecting the coastal and 
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marine ecology. Anthropogenic marine litter left in the ocean 
has been known to endanger human health, impede safe 
navigation, and harm marine life (Cheshire et al., 2009). Marine 
litter has been identified as a global concern, alongside other 
significant environmental issues such as ocean acidification, 
climate change, and biodiversity loss (Sutherland et al., 2011).  

More than 80% of marine pollution originates from land-
based activities (UNEP, 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 
period of time, floating on the water surface, drifting through 
the water column, sink to the sea bed, or become caught along 
shallow coastline. Consequently, litter deposition along the 
marine water body and later the sea beach has become a 
significant problem for both developed and developing 
countries (UNEP, 2014; Jang et al., 2018), causing harm to 
marine ecosystems (Votier et al., 2011) and human health 
(Campbell et al., 2019; Anfuso et al., 2015, 2017). Marine 
creatures can easily ingest marine litter, which elevates them 
in the food chain. Marine litter poses a serious risk to both 
humans and wildlife as it moves up the food chain (Nadal et al., 
2016; Van Emmerik & Schwarz, 2020). Furthermore, ingestion 
of plastics could impair the breathing of marine life, such as 
seabirds, dolphins, and turtles, and finally lead to their death 
(Senko et al., 2020). Kühn & van Franeker (2020) reported that 
entanglement and/or ingestion of marine litter has impacted 
914 species. Moreover, over 15% of marine species are listed 
as endangered, mostly as a result of plastic consumption and 
entanglement (Jambeck et al., 2015; Kumar et al., 2021).  

The abundance and distribution of marine litter have been 
reported (Hidalgo-Ruz et al., 2018; Zhao et al., 2020; Riberio et 
al., 2021), to explore numerous factors that affect marine litter 
deposition (Browne et al., 2010). There has been limited 
research done in Bangladesh to look into the presence and 
distribution of marine litter pollution along the coast of Cox's 
Bazar. (Islam et al., 2022; Rakib et al., 2022; Howlader et al., 
2023) and Saint Martin Island (Al Nahian et al., 2022; Howlader 
et al., 2024). Hatiya and Nijhum Dwip are important islands 
situated at the mouth of the Meghna River estuary, which 
is adversely affected by different types of freshwater discharge 
and tidal flushing (Kabir et al., 2020; Islam, 2021). Hatiya and 
Nijhum Dwip have enormous ecological importance, serving as 
a critical spawning ground for hilsa fish (Tenualosa ilisha) and 
habitat for several endangered species (Haldar et al., 1992; 
Arefin et al., 2024). As a result of tourism, fishing, and coastal 
development, these islands have become more vulnerable to 
plastic pollution, while the growing threat of marine litter 
pollution poses a significant risk to the surrounding marine 
ecosystem (Hossain et al., 2021; Islam et al., 2021). Arefin et 
al. (2024) conducted a study on microplastics at Nijhum Dwip 
Island, revealing a mean concentration of 138.39 ± 34.15 
pieces/kg in sediment and 72.83 ± 30.76 pieces/m³ in water. It 
is also noted that wastewater effluents and atmospheric 

deposition are major contributors to the distribution of 
microplastics in both water and sediment. To our best 
knowledge, this is the first study on marine litter pollution at 
Hatiya and Nijhum Dwip. The purpose of the study was to 
investigate the distribution and abundance of marine litter at 
the Hatiya and Nijhum Dwip, and to determine the beach 
cleanliness using Clean-Coast Index (CCI). The research 
proposed the conceptual concept on management of marine 
litter in those areas. This study is important to conserved 
marine biodiversity and ecosystem. 

 

Methods  

Description of study area 

The Hatiya and Nijhum Dwip Islands are situated at Hatiya 
Upazila of Noakhali District, in the northern part of the Bay of 
Bengal, close to the Meghna River Estuary (Figure 1). It is 
located in the middle of Bangladesh's coastal zone, which is 
very dynamic compared to other zones (Kabir et al., 2020).  It is 
known for its dynamic geography and socio-economic 
activities. The total area of Hatiya Island is about 371 km2 
(Kabir et al., 2020).  The population of Hatiya is diverse, with a 
mix of ethnic groups and a high density of inhabitants who 
primarily rely on natural resources for their livelihoods. Now-a-
days, Nijhum Dwip is one of the attractive places for tourist. 
Several hotels and motels are established to accommodate 
travelers in the Nijhum Dwip. 

Collection of marine litter  

The collection of marine litter was carried out according to the 
standardized protocols of OSPAR (OSPAR, 2010). The marine 
litter was collected from two sites Namar Bazar (Nijhum Dwip) 
and Kamalar Dighi (Hatiya) Sea beach at low tide during post-
monsoon (December) 2023. This season is famous for tourist 
activities. Different type of litter was determined and 
categorized according to the OSPAR photo guide.   

A 100-meter line transect was established at each beach, 
divided into five sections of 20 meters each, positioned 
perpendicular to the shoreline at the water's edge. Due to the 
long coastlines of each beach, a 100 meter line was used for 
comparison, ensuring that the sampled areas were near 
human or tourist activities. Every section was a 5×5 m2 quadrat 
transect located randomly toward the shoreland. Within the 
5×5 m2 area, the upper surface was scanned carefully, and 
visible size litter was collected carefully. Each transects 
contents were kept in distinct bin bags once the litter was 
categorized. After that, the litter was brought back to the lab 
and cleaned with pipe water to get rid of any sand or dirt that 
could have thrown off the weight reading. Before being 
weighed, each piece of debris was individually identified in the 
lab and allowed to air dry. 

Identification of sources of marine litter 

The marine litter is classified as land-based sources, water-
based Sources, and unknown sources. Land-based sources 
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include marine litter that originated from land-related activity 
such as shore recreational use. It also includes some other 
land-based activities such as public littering, activity related to 
agriculture, and sewage-related litter (Derraik, 2002). Water-
based marine litter may come through different media such as 
a river, fishing and boating activity, and also industrial 
discharge. The source of water-based marine litter derived 
from commercial shipping, fishing, and boating operations 
(such as buoys, fishing nets, and traps) (Derraik, 2002). 
Without markings identifying their origin, unknown sources can 
be found both on land and at sea (Gago et al., 2016). 

Determination of concentration of marine litter  

The concentration of marine litter (item/m2) per transect was 
determined (Lippiatt et al., 2013) using Ci  = ni / (ai   x bi), where 
the concentration (Ci) of marine litter items is calculated as the 
number of items/m2, ni is total number of marine litter present 
per transect, and ai is length (100m) and bi is width (5m) of the 
transect, and i for the beach on which transects surveys took 
place.  

Determination of clean-coast index (CCI) 

Clean-coast index (CCI) is used to measure the cleanliness of 

a coast (Alkalay et al., 2007). The CCI was determined using 
the formula CCIi = Ci × K, where K is a constant (20 involved in 
the equation), to make the numerical value of the CCI 
comprehensible and K is a meaningless constant. According to 
the scale provided for the number of plastic particles on the 
coast, the beaches were classified as ‘clean’ to ‘extremely 
dirty’.  

The CCI value ranges from 0 to over 20, with 0–2 indicating 
a very clean beach with no visible debris, 2–5 showing 
scattered debris across a large area, 5–10 representing 
moderate cleanliness with a few pieces of debris, 10–20 
indicating a dirty beach with considerable debris, and above 20 
signifying an extremely dirty beach heavily covered with waste 
and plastic debris (Cole et al., 2011). 

Data analysis 

The analysis of the data-set was done using Microsoft Excel 
and IBM SPSS statistics 21. Difference in abundances of 
marine litter between Hatiya and Nijhum Dwip were tested 
using t-test (p < 0.05). A difference between p < 0.05 was 
considered statistically significant.  

 

Figure 1.  Maps showing (A) two study areas including Haitya and Nijhum Dwip Island, Bangladesh, (B) five different stations at the 
Kamalar Dighi Sea beach, Hatiya, and (C) five different stations at the Namar Bazar Sea beach, Nijhum Dwip, Bangladesh. 
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Results 
A total of 11 types of marine litter (such as plastic packets, 
cigarette buds, cigarette packets, styrofoam, foam sponge, 
glass bottles, plastic net rope, rubber, food containers, plastic 
bottles, and plastic cups) were observed during the study 
period (Figure 2). The average litter density in terms of number 
and weight was 0.225 ± 0.115 items/m2 and 4.02 ± 3.43 g/m2, 
respectively (Table 1). The litter density varied between 0.15-
0.30 items/m2 and 2.22-5.52 g/m2, with considerable variation 

between the two beaches. Higher density (0.30 items/m2) of 
marine litter were observed at Namar Bazar compared to 
Kamalar Dighi (0.13 items/m2) Sea beach (Table 1). The 
plastics were the most abundant litter at the Kamalar Dighi 
accounted for 0.05 items/m2, and Namar Bazar comprised 
0.08 items/m2 of total marine litter (Table 1). 

Land-based, water-based, and unknown sources were the 
primary sources marine litter found in along the Kamalar Dighi 
and Namar Bazar Sea beaches. Among these the land-based 

Figure 2.  Different types of marine litter found at the Kamalar Dighi, Hatiya and Namar Bazar Sea beach, Nijhum Dwip, Bangladesh.  
A) plastic packets, B) cigarette buds, C) cigarette packets, D) styrofoam, E) foam sponge, F) glass bottles, G) plastic net 
rope, H) plastic bottles, I) plastics cups, J) rubber, and K) food container. 
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sources made up the highest proportion of marine litter. At the 
Kamalar Dighi, land-based sources comprised of 100%, 50%, 
80% and 100% at station 1,2,3 and 4, respectively, while water
-based made up 50% and 20% at station 2 and 3, respectively 
(Figure 3). At the Namar Bazar, land-based sources contributed 
the most (100%) at station 5 and made up the least (33.33%) at 
station 1, whereas water-based sources constituted of 66.67% 
at station 1, followed by 44.4%, 14.29% and 20% at station 2, 3 
and 4, respectively. The unidentified sources covered only 
11.11% at station 2 (Figure 3). 

Plastic packets, cigarette buds, cigarette packets, 
styrofoam were commonly found at the Hatiya and Nijhum 
Dwip (Figure 4). The highest proportion of plastic packets (20% 
at station 1 and 3), cigarette buds (13.33% at station 1), 
cigarette packets (13.33% at station 1) were observed at the 

Kamalar Dighi, Hatiya (Figure 5). Plastic cups, plastic net rope, 
rubber, food container and plastic bottles were observed at 
different stations of the Namar Bazar, Nijhum Dwip (Figure 5). 

According to the size distribution, the percentage of marine 
litter varied between the two beaches (Figure 6 A, B). At the 
Kamalar Dighi, smaller size of marine litter (size range 0-15 cm) 
was recorded at stations 1, 3, and 4, while the largest size, 
measuring 25.4 cm, was found at station 2. At the Namar 
Bazar, smaller size (0-30 cm) of marine litter was observed 
across all stations, and stations 3, 4 and 5 comprised larger 
size of marine litter.  

Kamalar Dighi Sea beach displayed litter distribution per 
station ranging from 0 to 7 items, with an average of 3 items, a 
concentration of 0 to 0.28 items/m², and CCI value ranging 
from 0 to 5.6 (average of 2.4), indicated this beach was clean 

(Table 2).  At the Namar Bazar Sea beach, the 
concentration of litter varied from 0.12 to 0.36 
items/m², and the CCI values ranged from 2.4 
to 7.2 (average of 4.96), which indicated that 
the beach was clean to moderate (Table 3).  
 

Discussion 
The present study revealed that plastic was 
dominate and frequent marine litter material 
at the Kamalar Dighi, Hatiya and Namar Bazar, 
Nijhum Dwip beaches. Globally, excessive use 
of plastic products creates environmental 
hazardous issues. In this study, over 70% of 
marine litters originated from land-based 
sources. The majority of the litter items were 
derived from domestic and recreational 

Table 1.  Total densities of marine litter at Kamalar Dighi, Hatiya and Namar Bazar Sea beach, Nijhum Dwip (items/m2 and g/m2).       
L= land-based, W= water-based. 

Materials Sources 
Kamalar Dighi Namar Bazar Mean (± SD) 

items/m2 g/m2 items/m2 g/m2 items/m2 g/m2 

Plastic packets L 0.05 0.372 0.04 0.077 0.045 (0.005) 0.224 (0.147) 

Cigarette buds L 0.02 0.0028 0.02 0.077 0.020 (0.00) 0.039 (0.037) 

Cigarette packets L 0.03 0.0852 0.02 0.22 0.025 (0.005) 0.305 (0.067) 

Styrofoam W 0.01 1.42 0.03 0.25 0.020 (0.01) 0.835 (0.585) 

Foam sponge W 0.01 0.0022 0 0 0.005 (0.005) 0.001 (0.001) 

Glass bottles L 0.01 3.62 0 0 0.005 (0.005) 1.81 (1.81) 

Plastic net rope W 0 0 0.08 0.813 0.040 (0.04) 0.406 (0.406) 

Rubber L 0 0 0.04 0.114 0.020 (0.02) 0.057 (0.057) 

Food container L 0 0 0.01 0.006 0.005 (0.005) 0.003 (0.003) 

Plastic bottles L 0 0 0.03 0.478 0.015 (0.015) 0.239 (0.239) 

Plastic cups L 0 0 0.03 0.192 0.015 (0.015) 0.096 (0.096) 

Total  0.13 5.5 0.3 2.22 0.215 (0.125) 4.01 (3.44) 

t-value      
-1.8612, p = 0.077 

(0.862, p = 0.399) 

Figure 3.  Relative proportion of potential sources of marine litter at the Kamalar 
Dighi, Hatiya and Namar Bazar Sea beach, Nijhum Dwip, Bangladesh. 
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activities suggesting a large degree of anthropogenic pressure 
on beaches. The average density of marine litter at the Kamalar 
dighi and Namar Bazar was 0.13 and 0.30 item/m2, 
respectively. This are consistent with previous studies on the 
Bay of Bengal coast including Saint Martin Island (0.02-0.51 
items/m2; Al Nahian et al., 2022), Cox’s Bazar coast (0.14-0.58 
items/m2; Islam et al., 2022) and Sonadia Island (0.71 items/
m2; Howlader et al., 2024), Cilician Basin, Turkey (0.92 items/
m2 ; Aydin et al., 2016) and Japan Sea (0.2 items/m2; Kusui and 
Noda, 2003). Those variability in litter densities (items/m2) may 
be attributed to variations in coastal land use, which can 
impact both the density and types of litter (Jafari et al., 2021). 
The relatively higher marine litter density at the Nijhum Dwip 
beaches was likely due to a large number of tourist activities. 
Moreover, another reasons for density of marine litter in 
coastal areas that are impacted by port operations, industry, 
and population (Binetti et al., 2020; Anastácio et al., 2023). 

Larger items like plastic wrappers, styrofoam, and paper 

from food packaging are types of litter that 
rapidly break down into small fragments, 
often becoming too small to be effectively 
collected during beach clean-ups (Lee et al., 
2015). The small sizes of the litter collected 
primarily result from the breakdown of larger 
items. The amount of time the trash has 
been in the ocean, the materials it is made 
of, the strength of the UV light, and the 
physical features of the shoreline are some 
of the external elements that affect this 
fragmentation (Smith & Turrell, 2021). The 
physical oceanographic parameters could 
also have possible influence for the number 
of small pieces of marine litter. 

According to CCI values, Kamalar Dighi and 
Namar Bazar beaches were considered as 
clean to moderate, with the highest value of 
7.2. This value is comparatively lower than 
Saint Martin’s Island, Bay of Bengal (Nahian 
et al., 2022), Cox’s Bazar coast of 
Bangladesh (Islam et al., 2022), and the 
beach of Southwestern Luzon, Philippines 
(Paler et al., 2019). These beaches are still 
considered clean due to the low number of 
tourists and their remote location away from 
populated areas. Remote beaches 
contained less litter and were considered 
cleaner based on the CCI value than 
touristic beaches (Salazar et al., 2022). 
Conversely, beaches connected to nearby 
villages were categorized as extremely dirty. 
Similarly, the more remote Kamalar Dighi 
Sea beach was less polluted, while the 
Namar Bazar Sea beach, which is closer to 
populated areas and visited more 
frequently, was comparatively dirtier. 

Although there was no beach management approaches 
available at present, this study attempts to propose a 
conceptual policy framework for sustainable management of 
marine litter of the Hatiya and Nijhum Dwip Island (Figure 7). 
Existing studies on waste management should be aligned with 
short-term and long-term management approach to resolve 
ongoing uncertainties in the assessment and characterization 
of marine litter. For short-term approaches, different activities 
such as regular cleanness of beaches, create awareness 
among local inhabitants and tourist, establishment of litter 
storages (i.e. dustbin) could be suggested. For the best 
possible management of marine debris throughout 
Bangladesh's coast, fishermen must be trained about the 
issues surrounding marine litter and how to handle it 
responsibly (Islam et al., 2022). Effective long-term strategies 
should be adopted by local governments to increase action and 
interaction between all stakeholders. Furthermore, eco-friendly 

Figure 5.  Relative proportion of marine litter at different stations of the Kamalar 
Dighi (KD), Hatiya and Namar Bazar (NB) Sea beach, Nijhum Dwip, 
Bangladesh. 

Figure 4.  Abundances of marine litter at different stations of the Kamalar Dighi 
(KD), Hatiya and Namar Bazar (NB) Sea beach, Nijhum Dwip, 
Bangladesh. 
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and sustainable management technologies should be 
integrated with an advanced global framework to reduce 
marine litter on natural sea beaches. Existing research gaps on 
marine litter pollution and global litter management policies 
should be addressed and implemented by both government 
bodies and non-government stakeholders to ensure the 
conservation of marine biodiversity. 

 

Conclusions 
This study shown that the Hatiya and Nijhum Dwip Islands 
exposed to marine litter pollution mainly originated from land-
based sources. The results of the clean-coast index (CCI) 
highlight the disparities in pollution levels between the two 

locations, with Namar Bazar, Nijhum Dwip showing a moderate 
degree of contamination. Most of the litter was made up of 
plastics. The amount of plastic waste that ends up in the 
marine environment is increasing due to the increased use of 
plastics. This research also proposed on conceptual 
framework to manage marine litter pollution in the region. 
Applying preventive measures along with raising awareness 
and funding community-level plastic recycling would help to 
maintain the current state of beach cleanliness and promote 
tourism. This study restricted limited space and particular 
seasons. Further research is, therefore, recommended to 
address this issue. 
 

Table 2.  Area (m2), total number and concentration of marine litter (items/m2), clean-coast index (CCI), and grade at the Kamalar 
Dighi Sea beach, Hatiya, Bangladesh. 

Station Area (m2) Items of marine litter Concentration (item/m2) CCI Grade 

1 25 07 0.28 5.6 Moderate 

2 25 02 0.08 1.6 Very clean 

3 25 05 0.20 4.0 Clean 

4 25 01 0.04 0.8 Very clean 

5 25 00 00 00 Very clean 

Table 3.  Area (m2), total number and concentration of marine litter (items/m2), clean-coast index (CCI), and grade at Namar Bazar 
Sea beach, Nijhum Dwip, Bangladesh. 

Station Area (m2) Items of marine litter Concentration (item/m2) CCI Grade 

1 25 03 0.12 2.4 Clean 

2 25 09 0.36 7.2 Moderate 

3 25 07 0.28 5.6 Moderate 

4 25 05 0.20 4.0 Clean 

5 25 07 0.28 5.6 Moderate 

Figure 6.  Size distribution of marine litter at the Kamalar Dighi, Hatiya (A) and Namar Bazar Sea beach, Nijhum Dwip (B), Bangladesh. 
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