
63 

 

 
Analysis of Marine Debris Distribution Through Sort Transport Clean 

in the Coastal Waters of Ternate City 

Yumima Sinyo1*, Ningsih Saibi2, Deasy Liestianty3,  Dira Ayu Annisa4 

1Department of Biology Education, Universitas Khairun, Indonesia, sinyoyumima@gmail.com 
2Department of Biology Education, Universitas Khairun, Indonesia, ningsisaibi@unkhair.ac.id 
3Department of Chemistry Education, Universitas Khairun, Indonesia, dliestianty@gmail.com 

4Department of Chemistry Education, Universitas Khairun, Indonesia, diraayuannisa@gmail.com 

 
Received  :  05-05-2024 
Accepted  : 15-10-2024 
Available online : 30-10-2024 

 

ABSTRACT 

Marine pollution, originating from land-based sources and intentional dumping at sea, is a 
significant hazard to marine life and health. Plastic pollution, which constitutes about 85% of 
marine debris, causes severe damage to marine ecosystems and species, causing disruptions in 
marine activities and deteriorating seawater quality. This research aims to see the distribution of 
marine debris in the coastal waters of Ternate city. The method used in this research is purposive 
sampling technique through observation to obtain the composition of marine debris, the rate of 
increase of marine debris with 3 criteria, namely the presence of river mouths, community activities 
such as ecotourism activities and piles of garbage produced by fishermen. The data obtained was 
then analyzed by visually observing and recording. The result of this study is the discovery of 
organic and inorganic waste. The percentage density of organic waste is 13% while inorganic waste 
is 87%. This shows that inorganic waste is generated the most. Inorganic waste in the form of 
plastic, cloth, glass, steroform and aluminum is produced by human activities visiting the coast. 
The organic waste found is wood and fruit peels. 
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ABSTRAK 
 

Pencemaran laut, yang berasal dari sumber-sumber berbasis darat dan pembuangan yang 
disengaja di laut, merupakan bahaya yang signifikan bagi kehidupan dan kesehatan laut. Polusi 
plastik, yang merupakan sekitar 85% sampah laut, menyebabkan kerusakan parah pada ekosistem 
dan spesies laut, menyebabkan gangguan dalam aktivitas laut dan memburuknya kualitas air laut. 
Penelitian ini bertujuan untuk melihat sebaran marine debris diperairan pantai kota Ternate. 
Metode yang digunakan dalam penelitian ini yaitu dengan teknik purposive sampling melalui 
observasi untuk mendapatkan komposisi sampah laut, laju pertambahan sampah laut (marine 
debris) dengan 3 kriteria yaitu adanya muara sungai, aktifitas masyarakat seperti aktifitas 
ekowisata dan tumpukan sampah yang dihasilkan oleh nelayan. Data yang diperoleh kemudian 
dianalisis dengan mengamati secara visual dan dicatat. Hasil dari penelitian ini yaitu 
ditemukannya sampah organik maupun anorganik. Persentase kepadatan sampah organik yaitu 
13% sedangkan sampah anorganik yaitu 87%. Hal ini menunjukkan bahwa sampah anorganik 
paling banyak dihasilkan. Sampah anorganik berupa plastik, kain, kaca, steroform dan aluminium 
dihasilkan aktivitas manusia yang berkunjung ke pesisir pantai. Adapun sampah organik yang 
ditemukan yaitu Kayu dan Kulit buah. 

Kata Kunci: Marine debris, Sampah anorganik, Sampah organik
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INTRODUCTION  

The ocean, covering over 70% of the Earth’s surface, has historically been viewed as a vast 
resource and a limitless dumping ground, but this perception has been tragically proven wrong 
as marine pollution poses a growing threat. Marine pollution, originating from land-based 
sources and intentional dumping at sea, poses a significant threat to marine life and health. 
Plastic pollution, which constitutes about 85% of marine debris, causes severe damage to marine 
ecosystems and species, disrupting marine activities and deteriorating seawater quality. The 
economic impact of marine pollution, estimated at billions of dollars annually, underscores the 
urgent need for solutions to reduce plastic production, increase recycling efforts, and transition 
to environmentally friendly alternatives to mitigate the growing crisis. 

Marine debris, a global environmental problem, poses a threat to ecosystems, economies, and 
societies around the world. Studies highlight various aspects of this problem, such as the impact 
of debris on marine life and fishing activities (Khezri & Mamkhezri, 2025; Gabriel & Bacosa,  
2024). Colonization of marine debris by invasive species is a significant concern, emphasizing 
the need for standardized methodologies and advanced analytical approaches for better 
understanding and management (Gabriel & Bacosa,  2024). 

Marine debris, including solid, liquid, or gaseous wastes discharged into the marine 
environment, poses a severe global environmental threat, as highlighted by various research 
papers (Sannigrahi et al., 2022). Plastic pollution, a major concern in marine ecosystems, is 
exacerbated by the staggering annual production of over 300 million tonnes of plastic, half of 
which is single-use items (Sina et al., 2023). This plastic debris poses a severe threat to marine 
life, as it can persist in the environment for decades, breaking down into smaller fragments that 
are ingested by marine organisms, leading to entanglement and ingestion problems for marine 
mammals (Pramudianto, 2023). The impact of plastic debris on marine ecosystems is enormous, 
affecting carbon and nitrogen cycles, habitats, and aquatic species, including rare and keystone 
species (Babu et al., 2023). In areas such as the coastal zone of Makassar, plastic pollution is a 
pressing issue due to the direct contribution of land-based plastic waste to marine debris, which 
requires advanced detection methods such as the use of satellite imagery for monitoring and 
management (Damayanti et al., 2022). Efforts to address this global challenge require a 
coordinated waste management strategy and international cooperation to reduce the harmful 
effects of plastic pollution on the marine environment, emphasizing the importance of reducing 
plastic use and implementing effective regulations.  

Marine debris, mostly consisting of plastic waste, does pose a major threat to marine ecosystems 
worldwide. Studies have revealed that plastic packaging and small non-packaging plastic items 
(PPSI) play a significant role in marine litter, with an estimated 26.1 million tonnes of 
mismanaged PPSI waste generated in Europe in 2018. This waste generation trend has been 
increasing, indicating an urgent need for improved waste management strategies to curb the 
influx of plastics into the marine environment (Pourebrahimi & Pirooz, 2023; Winterstetter et 
al., 2023). Efforts to reduce mismanaged PPSI waste have shown some progress, especially at 
the end-of-life stage of plastics, but the overall increase in plastic waste generation underscores 
the need for comprehensive waste management and preventive measures to transition towards 
a circular economy and reduce the detrimental impacts of plastic pollution on marine 
ecosystems (Winterstetter et al., 2023).  

Indonesia, with its extensive coastline and dense population, has emerged as a significant 
contributor  to  marine  plastic  pollution,  ranking  as  the second largest source of marine plastic
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waste in the world (Utami et al., 2023; Prabawati et al., 2023). The country’s marine plastic debris 
is estimated to range from 0.48 to 1.29 million metric tons per year, with the coastal areas of 
Jakarta alone accounting for 59% of marine plastic debris (Prabawati et al., 2023). Efforts to 
address this issue include Indonesia’s National Action Plan on Marine Plastic Debris, which 
aims to reduce marine plastic debris by 70% by 2025. However, challenges remain, such as the 
need for increased partnerships for plastic waste management and enforcement of regulations 
to prevent and manage. plastic pollution in Indonesian waters (Sasradinata et al., 2023; 
Yuliantiningsih et al., 2023). Addressing these challenges is critical to maintaining Indonesia's 
marine ecosystems and protecting the environment and human health from the detrimental 
impacts of plastic pollution. 

 

METHODOLOGY  

This research was conducted in April-May 2024 in the Coastal Waters of Ternate City. Data 
collection was carried out using a purposive sampling technique through observation to obtain 
the composition of marine debris, the rate of increase in marine debris with three criteria, 
namely the presence of a river estuary, community activities such as ecotourism activities and 
piles of garbage produced by fishermen. Visual observation of the three criteria, namely 
observation of the presence of marine debris at the river estuary was carried out in the coastal 
waters of Salero Village as the Sentosa river estuary zone, then observation of waste produced 
by ecotourism activities was carried out on the Kastela Village beach and observation of piles of 
marine debris produced by fishermen on the Dufa-Dufa Village beach. Following marine debris 
research flow chart is shown in figure 1. 

 

 

 

 

 

 

 

 

 

Figure 1. Marine debris research flow 

Data on the type of marine debris was carried out through visual observation and recorded 
based on the type obtained, the waste data taken was waste consisting of organic and inorganic 
waste. The density of marine debris refers to Marine debris monitoring and assessment (Lippiat 
et al., 2013).
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RESULTS AND DISCUSSION  

Based on the results of observations of the types of marine debris obtained are organic and 
inorganic waste. Organic waste consists of wood and fruit peels while inorganic waste is plastic, 
pipettes, glass, styrofoam, and aluminum as seen in the figure 2. 

 

 
                        (a)                                                       (b)                                                     (c)  
 

Figure 2. Observation and collection of marine debris: (a) river Estuary,  
(b) Kastela beach, (c) Dufa-dufa beach 

 
Data from the collection of marine debris types taken at three locations are presented in the 
Table 1. 

Table 1. Types of Marine Debris 
Research Sites Types of Organic and Inorganic Marine Debris 

Wood Fruit skin      Plastic Pipette Glass     Aluminum Styrofoam 

River Estuary 
Salero Beach 

+ + + + - + + 

Kastela Beach + + + - + + + 
Dufa Dufa Beach + - + - + - - 

 

Based on Table 1 obtained at Location 1, the types of organic waste found were wood, fruit 
peels, plastic, pipettes, aluminum and styrofoam. This shows that the collection of marine debris 
located at the Estuary of the Salero Village Coastal Waters is an area that is very close to 
residential areas with very high activity so that the volume of marine waste, especially 
household waste produced every day by the community, still pollutes the river estuary. At 
Location 2 is one of the ecotourism areas owned by Ternate city, namely Kastela Beach. At this 
location, almost all components of organic and inorganic waste were found and the amount was 
very large. This shows that the activity of the Ternate city community in visiting tourist 
attractions  is  very  high,  as  can be ascertained through the large amount of waste found in the
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area. In addition, there is also household waste in the form of waste found from the community 
around the Kastela village coastal waters. While at location 3, namely on the Dufa Dufa village 
beach, the most marine waste was found in the form of plastic and glass. This shows that the 
location is a coastal area that is used as a center for trade, tourism, sand mining, ports and 
markets so that the activities of the community and fishermen groups are very high and of 
course also produce high plastic waste. In this location there are still many ketapang trees 
planted and growing along the coastal waters. Marine waste can come from human activities 
on land that are directly or indirectly dumped into the sea. Waste generated from human 
activities directly or indirectly will pollute the environment. 

Plastic waste, derived from synthetic polymer materials produced in large quantities globally, 
poses a severe environmental threat due to its non-degradable nature, which causes detrimental 
effects on marine ecosystems when irresponsibly dumped into the oceans. The exponential 
increase in global plastic production, reaching 390.7 million metric tons per year in 2021 
(Pourebrahimi & Pirooz, 2023), has resulted in extensive dumping of plastic waste, including 
macro-, micro-, and nanoplastics, which pollute the marine environment and pose risks to 
marine life and human health (Pourebrahimi & Pirooz, 2023). Plastic pollution, as the largest 
component of marine debris, contributes significantly to marine pollution, causing harm to 
marine life, disrupting ecosystems, and impacting human activities such as fishing (Baranova 
et al., 2022). Urgent action is needed to reduce plastic production, increase recycling efforts, and 
transition to environmentally friendly alternatives to mitigate the increasing threat of plastic 
pollution to marine ecosystems (Baranova et al., 2022). 

Table 2. Percentage of Marine Debris (marine waste) 

Types of Marine Debris Percentage (%) 

Organic Waste 13 
Inorganic Waste 87 

 

Table 2 illustrates that the weight of organic and inorganic marine debris at all stations obtained 
a percentage value of organic marine debris of 13% and inorganic marine debris with a 
percentage value of 87%. Based on the percentage of the number of pieces and the weight of 
pieces per item of marine debris at the research location, it shows that inorganic marine debris 
is more than organic marine debris. It is suspected that the organic waste comes from tourists 
so that it accumulates at the research location. Plastic waste poses a significant hazard to 
biodiversity and the environment due to its synthetic nature, non-biodegradability, and 
widespread contamination of terrestrial and marine ecosystems (Anunobi, 2022). It accounts for 
at least 85% of total marine debris, causing lethal and sublethal effects on various marine 
organisms, disrupting the global carbon cycle, and causing economic losses in the maritime 
industry (Baranova et al., 2022).  

Plastic waste not only threatens wildlife through entanglement and consumption but also serves 
as a vector for invasive species in the marine environment (Anunobi, 2022). In addition, 
microorganisms on plastic surfaces can include pathogenic bacteria and viruses, which can 
potentially act as carriers of disease and antibiotic resistance genes, although further research is 
needed to fully understand these health risks (Meng et al., 2021). The accumulation of plastic 
pollution in areas that cannot be reversed can cause irreversible negative impacts on carbon and 
nutrient cycles, habitats, and biodiversity, requiring urgent global action to reduce plastic 
emissions and improve waste management strategies (Cirino et al., 2023).
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Plastic waste, particularly in the form of microplastics (MPs), has been increasingly recognized 
as a significant environmental problem due to its ability to act as a vector for a variety of 
contaminants, including persistent organic pollutants (POPs) such as polychlorinated biphenyls 
(PCBs), polycyclic aromatic hydrocarbons (PAHs), and dichlorodiphenyl trichloroethane 
(DDT). Studies have shown that MPs can adsorb these contaminants to their surfaces through 
various intermolecular forces, including electrostatic, hydrophobic, and van der Waals forces, 
which then delays the degradation process of existing contaminants and affects soil health and 
fertility by altering soil pH, porosity, and microbial enzymatic activity (Rai et al., 2023). Studies 
comparing biodegradable and conventional MPs have shown that biodegradable MPs, such as 
polyhydroxyalkanoates (PHAs) and polybutylene succinate (PBS), tend to accumulate higher 
amounts of PAHs and organophosphorus flame retardants (PFRs) compared to conventional 
polyethylene (PE) MPs, although they release lower amounts of additives (Catarci et al., 2023). 

The formation of plastic-rock complexes, where plastic debris irreversibly adsorbs to the 
mineral matrix, has been identified as an emerging environmental phenomenon, serving as 
hotspots for MP generation and potentially exacerbating ecological risks, especially under 
climate change conditions such as flooding events (Wang et al., 2023). Furthermore, a review of 
field studies on organic contaminants adsorbed to MPs highlighted the frequent detection of 
PCBs, PAHs, and organochlorine pesticides (OCPs), emphasizing the need for standardized 
protocols to improve the reliability of MPs monitoring studies (Azfaralariff et al., 2023). The 
relationship between terrestrial and freshwater MPs and wastewater treatment plants as major 
contributors to environmental MPs underscores the importance of developing comprehensive 
waste control and management strategies, including the use of bioplastics and advances in 
wastewater treatment technologies (Saud et al., 2023). Collectively, these findings underscore 
the complex interactions between MPs and multiple contaminants, which require further 
research and policy development to mitigate their environmental impacts. 

Addressing marine litter requires a multifaceted approach that integrates policy, industry, 
infrastructure, and education. Effective solutions should prioritize minimizing plastic 
production and consumption, improving waste management, and reducing waste leakage 
rather than focusing solely on cleanup activities (García-Hermosa & Woodall, 2023). 
Collaborative data-driven solutions, such as mobile applications for image collection and 
classification models, can improve monitoring and mapping of marine litter hotspots, as 
demonstrated in Ålesund, Norway (Liu et al., 2023). Public willingness to pay for marine litter 
removal and prevention indicates community support for a mix of short-term measures such as 
beach cleanups and long-term policies such as single-use plastic bans (Grilli et al., 2022).  

In Thailand, initiatives such as the “Trash Back to Shores” scheme engage fishers in marine litter 
collection, although participation can be improved by addressing factors such as readiness for 
supported practices, information dissemination, and practical experience (Thongphaijit, 2020). 
A user-friendly framework that includes defining metrics, listing interventions, identifying 
influencing factors, and ranking solutions can democratize decision-making and tailor 
interventions to specific regional contexts (García-Hermosa & Woodall, 2023). Additionally, 
improving waste reception facilities and providing on-site storage containers can facilitate 
marine litter collection schemes (Thongphaijit, 2020). Overall, a combination of technological 
tools, policy measures, community engagement and infrastructure improvements are critical to 
effectively address marine debris and contribute to sustainable development goals.
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CONCLUSION  

The waste found on the coast of Ternate City is organic waste and inorganic waste. The organic 
waste found is wood and fruit skin, while the inorganic waste found is Plastic, Cloth, Glass, 
Aluminum and Styrofoam. The percentage of marine waste density found is 13% organic and 
87% inorganic. The results of this study have implications for the importance of waste 
management, the need for routine monitoring of marine waste distribution to understand the 
dynamics and prevent pollution that damages the ecosystem, and the need to increase public 
awareness of the negative impacts of waste on their livelihoods. In addition, there is a need for 
stricter local policies in waste management in the surrounding environment. 
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