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Abstract

Marine litter is a growing global environmental issue that poses a signi�cant threat to ecosystems, marine life, and human health. Although

awareness of marine pollution has grown in the Philippines in recent years, knowledge of its impacts remains limited in some parts of the country.

This study assesses the composition, sources, and clean-coast index (CCI) of marine litter on both mainland and island beaches in Samar. Marine

litter was assessed by delineating a 100-meter transect and randomly selecting ten 2 m x 2 m quadrats for analysis. Results revealed higher litter

densities on mainland beaches (1.14 items/m²) than on island beaches (1.00 items/m²), with plastics comprising 86% of the litter on mainland

beaches and 60% on island beaches. Cleanliness ratings showed a wide range for mainland beaches, from clean to extremely dirty, while island

beaches were rated as dirty to extremely dirty. The primary sources of litter were shoreline and recreational activities, contributing 75% of the total

waste. These �ndings highlight differences in litter composition and density, underscoring the need for improved waste management, public

education, and continuous monitoring. To effectively mitigate marine litter, coordinated efforts between communities and government agencies are

crucial, with a focus on sustainable waste reduction.
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Introduction

Marine litter is any anthropogenic or processed material discarded, disposed of, or abandoned in the marine environment,

intentionally or accidentally (UNEP, 2009). It enters the ocean through various pathways, including rivers, drainage systems,

sewage outlets, and wind (Cheshire et al., 2009). This form of pollution encompasses a wide range of materials, with

plastics being the most prevalent. However, it also includes glass, metal, rubber, wood, and discarded �shing gear (Lyons et

al., 2020). Among these items, plastic waste, particularly synthetic polymers, poses a serious threat due to its persistence

and harmful effects on marine life (Derraik, 2002).

The impacts of marine litter are well-documented. Marine species frequently ingest debris, leading to injury, starvation, or

death as plastics block their digestive systems (Costa et al., 2020). Floating debris also serves as a vector for invasive

species, which can disrupt native ecosystems (Mantelatto et al., 2020). Furthermore, litter that settles on the ocean �oor

can smother vital marine habitats, such as coral reefs and seagrass beds, reducing biodiversity and compromising

ecosystem health (Navarrete-Fernández et al., 2022).

Marine litter has become a pressing environmental issue in the Philippines, exacerbated by a growing coastal population,

rapid economic development, and intensive maritime activities. According to Castillo & Otoma (2013), the country generates

approximately 35,580 tons of waste daily, with per capita waste production averaging 0.5 kg in urban areas and 0.3 kg in

rural areas. Alarmingly, the Philippines ranks as the third-largest contributor to global ocean plastic pollution, following

China and Indonesia (Jambeck et al., 2015). While existing research emphasizes the urgency of implementing sustainable

waste management strategies, reliable and comprehensive data are essential for designing effective, long-term solutions to

waste problems.

Understanding the types, quantities, and sources of marine litter is crucial for addressing ocean pollution. Although

accurately quantifying the total volume of ocean debris remains di�cult, beach surveys have proven to be a practical and

effective method for monitoring shoreline litter (Dixon & Dixon, 1981). These surveys offer valuable insights into the extent

of marine pollution and serve as a tool for assessing the effectiveness of policies aimed at reducing waste.

In recent years, research on marine litter in the Philippines has expanded, with numerous studies focusing on beaches along

the mainland (Bacosa, 2022; Esquinas et al., 2020; Inocente & Paler et al., 2019; Jarabe et al., 2023; Sajorne et al., 2021).

However, much of this research remains geographically limited, with a notable lack of studies on island beaches. These

areas are particularly vulnerable to litter accumulation due to their exposure to ocean currents and remoteness from the

mainland (Barnes et al., 2018).

Comparing mainland and island beaches is crucial because these environments differ in their exposure to anthropogenic

activities, waste sources, and oceanographic conditions, which can in�uence the quantity and types of litter present. Islands

often serve as sinks for marine debris transported by currents, while local human populations and land-based pollution

more directly impact mainland beaches.

This study aims to address these gaps by examining the quantity, composition, and potential sources of marine litter on the

beaches of Samar. By analyzing the collected data, the study seeks to develop targeted management strategies and

evidence-based policy recommendations to mitigate the accumulation of litter in the marine environment.
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Materials and Methods

Site Description

The study was carried out in four coastal towns of Samar: Sta. Margarita and Catbalogan City are on the mainland, and

Daram and Zumarraga are on the islands (Figure 1). Catbalogan City, situated in the western part of Samar, serves as the

province's political, economic, and cultural hub. Sta. Margarita, a smaller rural town located north of Catbalogan City, offers

easy coastal access but is less urbanized than Catbalogan City.

Daram, an island town southwest of Catbalogan City, consists of a large main island and several smaller islands within

Maqueda Bay, accessible only by boat. Meanwhile, Zumarraga, which is located northeast of Daram, is a smaller island town

closer to the Samar mainland.

For this study, marine litter was collected from 12 sandy beaches across both mainland (MB) (n=6) and island (IB) (n=6)

barangays in Samar. A barangay, the smallest administrative unit in the country, served as the basis for site selection. The

chosen beaches met speci�c criteria: they were at least 100 meters long, had a gentle slope (1.5–4.5°), and provided year-

round access to the sea (Vlachogianni et al., 2018). These factors ensured the study captured a representative snapshot of

marine litter accumulation in mainland and island settings.

Fig 1. Map of Samar, Philippines, showing the mainland and island sampling sites.

Data Collection

Marine litter was sampled from July to September 2024 during low tides, following the methods described by Bingham et al.

(2019) and Burgess et al. (2021). A 100m transect was laid parallel to the shoreline in the strandline, where most marine
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litter was deposited. The transect was divided into 50 segments, each 2m wide, creating a 4m² quadrat. Ten segments were

randomly selected for the survey, covering 20% of the total transect area.

All marine litter within the 4m² quadrat was identi�ed, counted, and classi�ed, focusing on macro-debris (>2cm) and items

protruding from the surface. The litter was classi�ed into nine types using the UNEP/IOC Guidelines (Cheshire et al., 2009):

plastics, foamed plastics, cloth, glass and ceramics, metals, paper/cardboard, rubber, wood, and others. Plastic items were

further categorized according to the methodology of Sajorne et al. (2021) with slight modi�cations. The classi�cation

includes food packaging, disposable utensils, plastic caps, napkins and diapers, ropes, nylon, and �shing nets, cigarette

butts and lighters, plastic fragments, polyethylene bags (sando bags), styrofoam, medicinal packaging, sacks, plastic

bottles, cellophane, toiletries, and other plastics.

Marine litter sources were classi�ed into �ve categories: (1) shoreline and recreational activities (e.g., bottles, toys), (2)

smoking-related items (e.g., lighters, cigarette butts), (3) boat/�shing/farming activities (e.g., nets, �shing lines), (4)

dumping (e.g., building materials, tires), and (5) medical/personal hygiene (e.g., syringes, tampons) (Ocean Conservancy,

2010). This classi�cation links the litter to the activities or sectors that are likely to have caused it.

Data Analysis

After recording and categorizing the marine litter, its density was calculated using the formula from Lippiatt et al. (2013):

CM = n / (w * l), where CM is the litter density (items per m²), n is the number of items, w is the width of the area, and l is the

transect length.

The clean-coast index (CCI) was also calculated to assess the coast's cleanliness (Alkalay et al., 2007). CCI = CM * K, where

K is 20. The CCI values and their corresponding cleanliness grades are: 0-2 (very clean, no litter), 2-5 (clean, no litter over a

large area), 5-10 (moderate, a few pieces of litter), 10-20 (dirty, many litters), and 20+ (extremely dirty, most of the beach

covered with litter).

Statistical Analysis

An independent two-sample t-test was used to compare the litter density between mainland and island beaches. Data was

simpli�ed using graphs and charts. Statistical analysis was done with SPSS version 27, and graphs were created in

Microsoft Excel 2010.

Results

Abundance and Spatial Distribution of Marine Litter

A total of 2,569 litter items were collected from 12 beaches, all of which showed evidence of marine litter accumulation. The

highest litter densities were recorded at MB1 (2.24 items/m²), IB2 (1.90 items/m²), and MB4 (1.38 items/m²), while the

lowest density was observed at MB6 (0.12 items/m²) (Table 1). On average, mainland beaches had a slightly higher litter

density of 1.14 items/m² compared to 1.0 items/m² on island beaches. However, statistical analysis revealed no signi�cant

difference in litter densities between mainland and island beaches (p > 0.05), suggesting that marine litter is a prevalent

issue across both coastal environments.
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Table 1. CCI values between the mainland (MB) and the island (IB) beaches of Samar

Sampling Sites Station Code No. of Items / Site Density (m²) CCI CCI Category

Sta. Margarita MB1 448 2.24 44.8 Extremely Dirty

MB2 261 1.31 26.1 Extremely Dirty

MB3 259 1.30 25.9 Extremely Dirty

Catbalogan City MB4 275 1.38 27.5 Extremely Dirty

MB5 100 0.50 10.0 Moderately Clean

MB6 24 0.12 2.4 Clean

Daram IB1 162 0.81 16.2 Dirty

IB2 379 1.90 37.9 Extremely Dirty

IB3 214 1.07 21.4 Extremely Dirty

Zumarraga IB4 139 0.70 13.9 Dirty

IB5 99 0.50 9.9 Moderately Clean

IB6 209 1.05 20.9 Extremely Dirty

CCI Values 0–2 2–5 5–10 10–20 >20

Beach Cleanliness Extremely Clean Clean Moderately Clean Dirty Extremely Dirty

Clean-coast index of Beaches

The clean-coast index (CCI) revealed that 59% of the sampled beaches were classi�ed as "Extremely Dirty," 33% as

"Moderately Clean" to "Dirty," and only 8% as "Clean." Mainland beaches generally exhibited higher CCI values, indicating

poorer conditions than island beaches. For instance, MB1, MB2, MB3, and MB4 were all rated as "Extremely Dirty," with CCI

values ranging from 25.90 to 44.80. In contrast, MB5 was classi�ed as "Moderately Clean" (CCI of 10.00), and MB6 was

classi�ed as "Clean" (CCI of 2.40).

Island beaches fared slightly better than mainland beaches but faced signi�cant waste problems. IB1 and IB4 were

categorized as "Dirty," with CCI values of 16.20 and 13.90, respectively, while IB2, IB3, and IB6 were rated as "Extremely Dirty,"

with CCI values ranging from 20.90 to 37.90. IB5 was classi�ed as "Moderately Clean," with a CCI of 9.90. Overall, most

island beaches were deemed "Extremely Dirty," with an average CCI of 42.82, highlighting the widespread nature of marine

litter in the studied areas.

Composition of Marine Litter

Marine litter items were categorized into eight groups according to the UNEP/IOC Guidelines. On mainland beaches,

plastics comprised the majority of the litter at 86%, followed by wood at 4% (Figure 2). Rubber, glass and ceramic, foamed

plastic, and cloth accounted for 2% of the debris, and metal with only 1%. On island beaches, plastics were also the most

prevalent, although at a lower proportion of 60%. Glass and ceramic followed at 18%, cloth made up 11%, metal at 6%,

rubber at 2%, and others at 2%, with foamed plastic accounting for 1%.

Among the 15 categories of plastic litter, disposable utensils were the most prevalent, accounting for 22% of the total waste,

followed by plastic fragments (19%), food packaging (16%), and plastic bottles (9%). On mainland beaches, the most

frequently found items were disposable utensils (436 items), plastic fragments (253 items), plastic bottles (92 items), and
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polyethylene bags (78 items) (Figure 3). On island beaches, the dominant items included food packaging (176 items),

plastic fragments (148 items), ropes/nylons/�shing nets (120 items), and plastic bottles (86 items).

 

Fig 2. Composition of marine litter items recorded from mainland (A) and island (B) beaches of Samar.

Fig 3. Types of plastic litter from mainland and island beaches of Samar.

Sources of Marine Litter

Most litter on mainland beaches originated from shorelines and recreational activities, contributing to 1,123 items (82%).

This was followed by boat/�shing/farming activities, which accounted for 111 items (8%), and medical/personal hygiene

waste, which comprised 96 items (7%) (Figure 4). Smoking-related litter was minimal, with only 15 items (1%) recorded.

Similarly, on island beaches, shorelines, and recreational activities were the primary source of litter, contributing 812 items

(68%). Dumping was the second-largest source, with 188 items (16%), followed by boating/�shing/farming activities at 140

items (12%) and medical/personal hygiene waste at 58 items (5%). Smoking-related litter was negligible, with just four

items (0.33%) found.
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Fig 4. Sources of marine litter (SR: shoreline and recreational activities; DA: dumping activities; BFF: boating/farming/�shing activities;
MPH: medical/personal hygiene; S: smoking-related activities) from mainland and island beaches of Samar.

Table 2. Comparative results between the mainland (MB) and the island (IB) beaches of Samar

Characteristic Mainland Beaches Island Beaches Comparison Highlights

Number of
Sites Sampled

6 6 Equal sampling effort

Average Litter
Density

1.14 items/m 1.00 items/m Slightly higher on the mainland, but not statistically signi�cant
(p=0.36)

Clean-coast
Index (CCI)

Many sites are 'Extremely
Dirty' (CCI up to 44.8)

Generally lower CCI but still includes
'Extremely Dirty' sites (up to 37.9)

Mainland beaches are generally dirty, but pollution is widespread
across all types of beaches

Dominant Litter
Type

Plastics (86%) Plastics (60%) + glass and ceramics
(18%)

Plastics dominate both, but island beaches have a higher
proportion of glass and ceramics

Top Plastic
Items

Disposable utensils (22%) Food packaging (16%) Different usage is likely due to lifestyle differences

Main Sources
of Marine Litter

Shoreline and recreational
(82%)

Shoreline and recreational (68%) +
dumping (16%)

Dumping is more pronounced on islands, and shoreline and
recreational activities dominate both types of beaches

Discussion

This study offers valuable insights into the distribution of marine litter along the beaches of Samar (Table 2). While

mainland sampling sites showed a slightly higher litter density (1.14 items/m²) compared to the island (1.00 items/m²),

statistical analysis revealed no signi�cant difference (p>0.05). This suggests that factors other than urbanization and

population density, such as shared human activities like recreational use, may contribute to litter accumulation. This is

further supported by similar litter on mainland and island beaches, including food wrappers, polyethylene bags, cellophane,

toiletries, and plastic bottles.

The highest litter densities were recorded at MB1, MB2, and MB3, with values of 2.24 items/m², 1.31 items/m², and 1.30

items/m², respectively. These sites, located in a rural coastal town, are likely in�uenced by their proximity to Calbayog City, a

nearby urbanized area 10 kilometers away from the sampling sites. During the study period, the southwest monsoon may

have signi�cantly transported marine litter. Research by Gomez et al. (2023) highlights how monsoon winds and ocean

2 2
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currents can carry buoyant plastic waste over long distances, potentially explaining the higher litter densities observed in

these sampling sites. Notably, much of the litter showed abrasion, brittleness, and discoloration, indicating prolonged

exposure to the marine environment. A study by Orale and Fabillar (2011) further supports this claim, showing that waste

often moves beyond local boundaries, is driven by wind patterns and topography, and can even reach neighboring provinces.

Compared to other studies in the Philippines (Acot et al., 2022; Inocente & Bacosa, 2022; Jarabe et al., 2023), the mainland

beaches in this study exhibited higher litter densities, though still lower than those reported in the eastern Mediterranean

(Portman & Brennan, 2017), Qatar (Veerasingam et al., 2020), and India (Perumal et al., 2021).

The relatively high litter densities on island beaches may be linked to the challenges remote communities face. As Mohee et

al. (2015) explain, limited land for land�lls, high transportation costs, and inadequate waste disposal services often lead to

improper waste management on an island. These issues, compounded by poor disposal practices and a lack of awareness

or enforcement of regulations, likely contribute to the accumulation of litter in these areas.

In this study, most beaches were classi�ed as "Extremely Dirty" or "Dirty," with mainland beaches showing high vulnerability

to pollution. The high CCI values at these sites are likely due to their proximity to residential areas, where increased human

activity, such as direct littering and inadequate waste disposal systems, leads to a greater amount of waste entering the

marine environment. MB6, however, was classi�ed as "Clean" due to the cleaning efforts made during the sampling period.

While island beaches were in slightly better condition than the mainland, they still faced litter issues. This suggests islands

are still vulnerable to pollution despite being farther from urban areas. A key factor is the lack of su�cient waste

infrastructure, a common challenge in island communities (Bingham, 2019). Without proper disposal systems or recycling

programs, residents and businesses dump waste directly into the ocean (Cozar et al., 2014). Environmental factors, such as

weather, ocean currents, waves, and coastal features, may also contribute to litter accumulation on island beaches.

However, further research is necessary to fully understand these dynamics.

The �ndings of this study highlight the prevalence of plastic materials in marine litter, re�ecting a global trend in marine

pollution (McGlade et al., 2021). Plastics accounted for 86% of litter on mainland beaches and 60% on island sites.

According to Braganza (2017), the Philippines generates approximately 2.7 million metric tons of plastic waste annually,

with an estimated 20% of this waste ending up in the ocean. Poor waste management practices, such as waste leaking

from open land�lls, exacerbate the problem, as factors like wind and water currents transport plastics to coastal areas.

A signi�cant portion of the plastic litter identi�ed in this study originated from everyday household items, including food

packaging (plastic bottles, wrappers, and containers), personal care products (toothbrushes and toothpaste, shampoo

bottles and sachets), and household cleaning supplies (detergent bottles, bathroom cleaner, and dish and laundry soap)

most of which are single-use and discarded after use. Once in the ocean, plastics persist for decades due to their durability

and resistance to decomposition (Derraik, 2002). Over time, they break down into microplastics, posing threats to marine

life, ecosystems, and human health (Galloway et al., 2017). The prevalence of domestic plastic debris in aquatic

environments highlights the global dependence on plastic materials. Similar trends have been observed in other regions,

with plastics constituting over 80% of beach litter on the Adriatic coast (Munari et al., 2016), in the Arctic (Bergmann et al.,

2017), and in the eastern Black Sea (Terzi et al., 2020).

While plastic pollution is a major concern across all sampling sites, island beaches showed a higher proportion of glass and

ceramic materials, accounting for 18% of the litter, compared to just 2% on the mainland. This discrepancy may originate

from limited access to glass recycling facilities, where inadequate infrastructure complicates proper waste disposal.
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Durable items, such as glass and ceramics, which can take centuries to degrade, accumulate over time, posing long-term

risks to wildlife (Kumari et al., 2022). Reducing the use of such materials is essential to address this issue.

On mainland beaches, disposable utensils such as plastic forks, spoons, and cups were commonly used, primarily due to

their prevalence during recreational activities. This pattern aligns with �ndings in tourist-heavy areas, such as Vanuatu, the

Solomon Islands, and Colombia (Binetti et al., 2020; Portz et al., 2022). Coe and Rogers (1997) emphasize that a lack of

awareness among beachgoers signi�cantly contributes to the problem, underscoring the need for public education to

reduce littering.

On the other hand, island beaches were dominated by food packaging, particularly small sachets for coffee, snacks,

candies, and instant noodles. These single-use products are widely used in the Philippines due to their affordability and the

sachet culture of purchasing items in small quantities (Braaten et al., 2021). Despite their convenience, sachets are often

improperly discarded (Posadas, 2014). A 2019 GAIA report revealed that the Philippines produces 163 million plastic

sachets daily, many of which harm marine life as animals mistake them for food (Ryan, 2018).

As of 2021, the Philippines lacks a comprehensive national policy to address plastic pollution; however, some cities and

provinces have implemented local ordinances targeting speci�c items, such as plastic bags. These efforts primarily focus

on urban areas and fail to address the full lifecycle of plastics (Serrona et al., 2022). In 2022, the Extended Producer

Responsibility Act was enacted, requiring manufacturers to collect and recycle their products—a step forward in combating

plastic pollution (FAO, 2024). However, enforcement remains challenging, particularly in areas with limited waste

management infrastructure (Bingham, 2019).

This study reveals that shoreline and recreational activities are the primary sources of waste on Samar's beaches. Coastal

areas in the Philippines are popular destinations for swimming, picnicking, and other leisure activities, which generate

signi�cant amounts of waste, particularly plastics and single-use items (Binetti et al., 2020). This aligns with �ndings from

other marine litter studies, which consistently identify shoreline activities as a major contributor to beach debris (Munari et

al., 2016; Pradit et al., 2020; Yona et al., 2023). In high-tra�c coastal areas, disposable products used by beachgoers, such

as food wrappers, plastic bottles, and utensils, are often left behind, exacerbating the waste problem (Serrona et al., 2022).

The high incidence of marine litter on island and mainland beaches demonstrates serious loopholes in the enforcement of

the nation's Solid Waste Management Act. Despite the provisions of Republic Act 9003 (Ecological Solid Waste

Management Act of 2000), which call for barangay-level segregation, Materials Recovery Facility (MRF), and a prohibition on

open dumping, enforcement remains lax, particularly in rural and coastal towns. The underdeveloped infrastructure, limited

budgetary appropriation, and minimal public compliance compound the problem. The prevalence of plastic waste re�ects

the weak enforcement of the Extended Producer Responsibility Act of 2022 (RA 11898), which assigns producers the

responsibility to recover and recycle end-of-consumer plastic. Other legislation, including the 2004 Clean Water Act (RA

9275), Pollution Control Law (PD 984), and amendments to the Fisheries Code (RA 10654), forbidding marine pollution, are

similarly weakened by poor local enforcement and insu�cient monitoring (Braganza, 2017; DENR, 2021; Serrona et al.,

2022).

These are ecologically and socio-economically signi�cant conditions: degradation of coastal habitats, threats to �sheries

and tourism, and increasing public health risks due to microplastics (Galloway et al., 2017). As plastics make up more than

86% of waste on mainland beaches and 60% on island beaches, Samar's coastlines re�ect national and global patterns in

plastic pollution (GAIA, 2019). Island nations without land�ll capacity and recycling facilities are especially at risk (Cozar et

al., 2014). Local governments need to fully implement their 10-year solid waste plans, operationalize MRF, and coordinate
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efforts with national plans, such as the National Plan of Action for Marine Litter (NPOA-ML) and RA 11038 (E-NIPAS Act of

2018). Multi-stakeholder engagement and more robust local regulations are needed to turn this around. Without sustained

intervention, Samar's marine and coastal ecosystems will remain at high risk of continued degradation.

Conclusion

This study sheds light on the prevalence of marine litter along the beaches of Samar, revealing signi�cant pollution levels on

both mainland and island beaches. While mainland beaches exhibited slightly higher litter densities, the research highlights

that human activities, recreational use, and ocean currents have a signi�cant in�uence on pollution across all sites. Plastic

waste, particularly from household items, remains the dominant form of pollution, highlighting a broader global issue of

plastic entering the marine environment.

The CCI analysis further revealed the severity of the issue, with most beaches classi�ed as "Extremely Dirty." Although island

beaches fared better, they faced substantial challenges due to inadequate waste management infrastructure and improper

disposal practices. The plastic waste from single-use plastics at the study sites highlights the escalating environmental

threat these materials pose, which endangers marine life and coastal ecosystems.

These �ndings emphasize the urgent need for comprehensive waste management policies, particularly in rural and island

communities, alongside targeted public education campaigns to promote proper waste disposal and reduce plastic

consumption. Given the in�uence of weather patterns and ocean currents on litter accumulation, future research should

investigate seasonal variations in the types and quantities of marine litter. Evaluating the effectiveness of existing and

proposed waste management strategies will also be critical for developing evidence-based solutions to mitigate marine

litter.
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