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Anthropogenic debris in marine pollution is one of 

objective of the research was focused on the abundance and the distribution of debris found on Nipah 

Island,Riau Island Province, which was surveyed at ten sampling points, 

Abundance and distribution were estimated with line transect of 50m x 3m. Debris items were categorized by 

the type of material from the NOAA Marine Debris Progra

the types, and simple identification 

result showed the average debris abundance of 7.05±6.71 items/m

kg/m
2
. The most debris abundance found 

metal, and glass. Stranded lumber was the dominant weighted samples, followed by plastic debris. 

Approximately 51.60% of total plastic (food wrap

(24.26%), Indonesia (23.68%), Singapore (2.33%), and elsewhere (1.33%). In order to manage 

transboundary debris, science is the primary point to obtain proper alternative handling. In order to make 

successful marine pollution prevention, it is necessary to have a good education and outreach program, 

reliable system of law and policy, and law enforcement to 

Keywords:frontier island, outermost island, 

Sampah lintas batas di pulau perbatasan dan terluar di 

Nipah.Sampah dari kegiatan antropogenik dalam pencemaran laut merupakan salah satu permasalahan 

lingkungan. Tujuan dari penelitian ini adalah untuk

Pulau Nipah Propinsi Kepulauan Riau, 

Jumlah sampah serta sebaran diambil 

kategori sampah laut menurut NOAA. Setiap kategori sampah dihitung berdasarkan kelimpahan dan 

beratnya. Hasil penelitian menunjukkan kelimpahan sampah rata

1,67 ± 3,98 kg/m
2
. Sampah yang paling banyak ditemukan 

(botol/gelas plastik sekali pakai), kayu, logam, dan kaca.

dominan, diikuti oleh jenis plastik. Sekitar 51,60% dari 

berasal dari Malaysia (24,26%), Indonesia (23,68%), Singapura (2,33%), dan tempat lain (1,33%). Dalam 

rangka pengelolaan sampah lintas batas, ilmu pengetahuan menjadi poin utama untuk mendapatkan 

penanganan alternatif yang tepat. untuk menyukse

Oseanologi dan Limnologi di Indonesia 2020 5(3): 171-182 

 

OSEANOLOGI DAN LIMNOLOGI DI INDONESIA
Online ISSN: 2477-328X 

Akreditasi RISTEKDIKTI No. 21/E/KPT/2018 
http://oldi.lipi.go.id 

 
 

in Indonesian frontier and outermost island: A preliminary case study 

of Nipah Island 

, Triyoni Purbonegoro
1
, Rachma Puspitasari

1
, Riyana Subandi

, Singgih Prasetyo Adi Wibowo
1
, Nurjamin

1
, Suparmo

 

Research Center for Oceanography-Indonesian Institute of Sciences,

Jl. Pasir Putih 1 No. 1, Jakarta 

Email: muhammad.reza.cordova@lipi.go.id 

 2020.  Reviewed 8 October 2020. Accepted 27 October

DOI: 10.14203/oldi.2020.v5i3.335 

Abstract 

Anthropogenic debris in marine pollution is one of the significant environmental problems. The 

focused on the abundance and the distribution of debris found on Nipah 

Riau Island Province, which was surveyed at ten sampling points, as a preliminary monitoring

estimated with line transect of 50m x 3m. Debris items were categorized by 

the type of material from the NOAA Marine Debris Program. The abundance and weight calculated each of 

 of country supplier also determined from the labels of 

result showed the average debris abundance of 7.05±6.71 items/m
2
 and an average weight of 1.67±3.98

. The most debris abundance found in every station were plastic (single-use plastic bottle

Stranded lumber was the dominant weighted samples, followed by plastic debris. 

Approximately 51.60% of total plastic (food wrappers) with identifiable labels were from Malaysia 

(24.26%), Indonesia (23.68%), Singapore (2.33%), and elsewhere (1.33%). In order to manage 

transboundary debris, science is the primary point to obtain proper alternative handling. In order to make 

ul marine pollution prevention, it is necessary to have a good education and outreach program, 

reliable system of law and policy, and law enforcement to the government and private sector.

outermost island, plastic waste, stranded debris, Nipah Island

Abstrak 

ampah lintas batas di pulau perbatasan dan terluar di Indonesia:  studi pendahuluan di 

Sampah dari kegiatan antropogenik dalam pencemaran laut merupakan salah satu permasalahan 

ujuan dari penelitian ini adalah untukmonitoring awal, kelimpahan, dan distribusi

Propinsi Kepulauan Riau, Indonesia dimanasampling dilakukan pada sepuluh titik 

Jumlah sampah serta sebaran diambil berdasarkan transek garis 50m x 3m. Sampah di

NOAA. Setiap kategori sampah dihitung berdasarkan kelimpahan dan 

beratnya. Hasil penelitian menunjukkan kelimpahan sampah rata-rata 7,05 ± 6,71 buah/m

. Sampah yang paling banyak ditemukan di tiap lokasi pengamatan 

i pakai), kayu, logam, dan kaca. Kayu yang terdampar adalah sampel berbobot 

dominan, diikuti oleh jenis plastik. Sekitar 51,60% dari total plastik dengan label yang dapat diidentifikasi 

berasal dari Malaysia (24,26%), Indonesia (23,68%), Singapura (2,33%), dan tempat lain (1,33%). Dalam 

rangka pengelolaan sampah lintas batas, ilmu pengetahuan menjadi poin utama untuk mendapatkan 

nan alternatif yang tepat. untuk menyukseskan pencegahan pencemaran laut.
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use plastic bottle/cup), lumber, 

Stranded lumber was the dominant weighted samples, followed by plastic debris. 
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government and private sector. 
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ndonesia:  studi pendahuluan di Pulau 

Sampah dari kegiatan antropogenik dalam pencemaran laut merupakan salah satu permasalahan 

dan distribusi sampah di 

dilakukan pada sepuluh titik pengamatan. 

transek garis 50m x 3m. Sampah digolongkan berdasarkan 

NOAA. Setiap kategori sampah dihitung berdasarkan kelimpahan dan 

rata 7,05 ± 6,71 buah/m
2
 dan berat rata-rata 

di tiap lokasi pengamatan adalah plastik 

Kayu yang terdampar adalah sampel berbobot 

total plastik dengan label yang dapat diidentifikasi 

berasal dari Malaysia (24,26%), Indonesia (23,68%), Singapura (2,33%), dan tempat lain (1,33%). Dalam 

rangka pengelolaan sampah lintas batas, ilmu pengetahuan menjadi poin utama untuk mendapatkan 
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Introduction 

In the last decades, marine pollution due to 

the waste from anthropogenic activities has been 

recognized as a global environmental problem. 

Marine debris is defined as any persistent solid 

material that is manufactured or processed and 

disposed of or abandoned into the marine 

environment (Kershaw, 2015). Based on fact, 4.8 

- 12.7 million tons of plastic waste predicted to 

enter the ocean(Jambeck et al., 2015) and 46% of 

the plastic being generated displays its float 

ability as originally produced (Karbalaei et al., 

2018; Li et al., 2016), and capable of delivering 

impacts in areas far away from sources (Carson et 

al., 2013; Duhec et al., 2015; Eriksen et al., 2014; 

Maximenko et al., 2012). Indonesia suspected as 

the second-largest contributor to marine plastic 

pollution all over the world (Jambeck et al., 

2015). After being introduced into aquatic 

environments, plastic will be degraded and losing 

its structural rigidity due to physical, chemical and 

biological processes (Iwasaki et al., 2017; Löhr et 

al., 2017; Schulz et al., 2017) and fragmentedinto 

70% macroplastics (size > 2.5 cm), 11% 

mesoplastic (5mm - 2.5cm) and 3% microscopic 

(size of < 5mm) (Bergmann et al., 2015; Cozar et 

al., (2014); Eriksen et al. (2014), called 

microplastics and nanoplastics (Andrady, 2011; 

Barnes et al., 2009; Horton et al., 2017; 

Thompson et al., 2004).  

Marine debris causes a damaging effect on 

marine biota. Seabirds, fish, sea turtle and marine 

mammals (Acampora et al., 2016; Boerger et al., 

2010; Clukey et al., 2017; Foekema et al., 2013; 

Teuten et al., 2009) are suffering due to 

entanglement, get stuck/trapped, and mistaking 

plastic for food (Gregory, 2009; Thompson et al., 

2009; Van Franeker et al., 2011). It was 

previously only related to the aesthetic (Galgani et 

al., 2013; Gregory, 2009); in fact, marine debris 

has a “time bomb” consequence. As generally 

documented in several publications and obviously 

can be seen dumped across the coastal area, it will 

lead to the question about how much is the actual 

number of total debris(Eriksen et al., 2014; 

Jambeck et al., 2015; Lebreton & Andrady, 2019; 

Lebreton et al., 2012; Lebreton et al., 2017), 

where debris will be driven(Bucci et al., 2020; 

Nistor et al., 2017; Zhang, 2017), how the 

circumstance will be in the future(François 

Galgani, 2015; GESAMP, 2015; Ivar Do Sul & 

Costa, 2014), and its effect to our lives(Cordova, 

2020; Lee, 2015; Newman et al., 2015; Watkins et 

al., 2015). Moreover, it will also increase public 

awareness, develop scientific research, and 

various effort to reduce marine debris problems 

(Kershaw, 2015). 

Marine debris is a transboundary problem 

that is embedded in wasteful patterns of 

development and use, inadequate waste and lack 

of infrastructure, lack of sufficient legal and 

policy mechanisms, lack of compliance and a 

scarcity of financial capital. It has been a concern 

of the international community and was explicitly 

discussed in 2012, Earth Summit 2012 in Brazil 

(Rio+20 International Conference). Marine debris 

problem, especially plastic, will become a severe 

concern until 2030. These problems are spotted as 

a problem through the 14th Sustainable 

Development Goals point 1 (SDGs) 2015-

2030.Furthermore, marine (plastic) debris 

management has been stated in Global Program of 

Action for the Protection of the Marine 

Environment from Land-based Activities 1995, 

United Nation Convention on the Law of the Sea 

(UNCLOS), and MARPOL Annex V. In 

Indonesia, several marine debris managementsare 

regulated in Law of the Republic of Indonesia (e. 

g. No. 27/2007, No. 32/2014, No.18/2008) and 

Presidential Decree (No. 97/2017 and No. 

83/2018).  In order to reach successful 

management, it needs a comprehensive 

understanding of both marine pollution and 

human behavior. 

In Indonesia, the evidence has been 

mentioned in the finding of large and small-sized 

plastic debris in the freshwater (river and/or lake), 

coastal area and deep-sea sediment, and in coral 

reefs ecosystem (Alam et al., 2019; Cordova & 

Hernawan, 2018; Cordova, 2020; Cordova & 

Nurhati, 2019; Cordova & Wahyudi, 2016; Purba 

et al., 2019; Purwiyanto et al., 2020; Syakti et al., 

2017, 2018). However, the updated information of 

marine debris, its distribution, and its impact on 

the ecosystem are insufficient, particularly in 

Indonesia’s boundaries area. In fact, 

transboundary debris has a specific problem, 

because geolocation of Indonesia between the 

Pacific Ocean and the Indian Ocean and is 

adjacent to other countries. Disadvantage incurred 

by this condition is stranded debris originating 

from elsewhere.Therefore, it is necessary to 

conduct a preliminary study of transboundary 

debris in Nipah Island, as the frontier and the 

outermost island according to the Law of the 

Republic of Indonesia No. 27 of 2007. Nipah 

Island has an area of 62 Ha (0.62 km
2
), 



Oseanologi dan Limnologi di Indonesia 2020 5(3): 171-182 

173 
 

strategically located between Malacca Strait and 

the South China Sea, and one of the global busiest 

shipping lanes (Hand, 2018). This preliminary 

research was focused on the abundance and the 

distribution of debris found on Nipah Island, 

which is the neighboring country of Singapore 

and Malaysia. The results of this study can be 

used as primary data and justification for a marine 

debris management plan,especially in frontier and 

outermost islands of Indonesia.  

Methodology 

The research was conducted in the frontier 

and the outermost island of Indonesia, Nipah 

Island, Riau Islands Province on April 2017. The 

sampling method was adapted from previous 

research (Kumar et al., 2016; Lippiatt et al., 

2013). Debris sample was collected at ten 

sampling point representatives around the island 

(Figure 1). Sampling sites were identified from 

the cartographic analysis provided by the Marine 

Corps of The Nipah Island. Moreover, 

anthropogenic pressures zones according to the 

cardinal directions were identified since no 

difference in accumulation rate for samples 

collected at different intervals (Sheavly, 2010). 

The substrate covered on the sites was relatively 

similar, which was sand with tetrapod (concrete 

structures used to prevent coastal erosion). The 

number of occurrences, allocation, and 

distribution was estimated with line transect of 

50m x 3m (150 m
2
 of total).  

The transect was placed in a supratidal area, 

where the sites are clearly visible tidal boundaries; 

thus, sampling points were between the highest 

high tide area and the lowest low tide area (Li et 

al., 2018). Most stranded debris studies focus on 

large, recognizable debris, as they are easily 

detected, easily retrieved, and can provide 

additional details intact (e.g. country of 

production). Debris sample was identified within 

seven categories: plastic, metal, glass, processed 

lumber/paper, cloth/fabric, fishing lure/nets, and 

other/unclassified. These categories were adapted 

from the types of material listed in the NOAA 

Marine Debris Program (Lippiatt et al., 2013). 

Then, the abundance of occurrence was calculated 

by using Kenko hand tally counter. Each category 

was weighted by using a digital scale of Weston 

Digiscala Clarita (type W7SD-CL5S) with 0.1 g 

accuracy. In this study, the country of origin was 

simplyinvestigated to determine the source of 

marine debris obtained from the stranded debris 

monitoring.  A country label or flag sticker would 

seem to indicate that a product has been produced 

in ("made in") a specific country. 

The total amount of stranded debris present 

in Nipah Island in 2017 was estimated in three 

steps, (1) the total beach area was measured using 

aerial imagery in Google Earth Pro (data April 

2017), (2) the mean density of the categories 

surveyed from transects were calculated, (3) to 

estimate the total abundance and weight of 

stranded debris in Nipah Island, the total 

abundance and weight of debris were extrapolated 

by multiplied the mean density with the total 

beach area. Statistical test to determine the 

classification between debris by abundance, debris 

by weight and between the country of 

manufacture, were performed with non-parametric 

statistical test through Kruskal-Wallis and Post 

hoc Mann Whitney-U-Test using PAST3 

(Hammer et al., 2001). 

Results 

Plastic and lumber were dominant debris 

item found in the coastal area of Nipah Island.  

Based on the results of this study, the average 

abundance of accumulated debris in the entire 

sampling point was 7.05±6.71 items/m
2,
 and the 

average weight was 1.67±3.98 kg/m
2
. The average 

number of abundance and weight of marine debris 

in Nipah Island can be seen in Figure 1 and 2. 

Based on the debris types (Figure 2), more than 

half of the total debris (59.23%) or 4.893±4.830 

items/m
2
 were plastic (especially single-use bottle 

and cup), 37.30% or 1.871±5.092 items/m
2
 were 

lumber, 1.94% or 0.160±0.214 items/m
2
 were 

metal, and 0.81% or 0.067±0.086 items/m
2
 were 

glass. Based on the debris weight, the dominant 

with 87.63% or 1.466±3.988 kg/m
2
 was lumber, 

then 9.8% or 0.164±0.162 kg/m
2
 were plastic, 

1.28% or 0.021±0.030 kg/m
2
 were fishing 

lure/nets, and 0.72% or 0.012±0.018 kg/m
2
 were 

cloths/fabric. There was a statistically significant 

difference between plastics and lumber (p<0.05) 

with the other debris type. 
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Gambar 1. Peta lokasi sampling di Pulau Nipah dengan kelimpahan dan berat dari sampah terdampar.

Figure 1. Map of sampling location in Nipah Island with abundance and weight of stranded debris.
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Gambar 2. Rata-rata kelimpahan dan berat dari sampah terdampar di Pulau Nipah.

Figure 2. The average number of abundance and weight of stranded debris in Nipah Island

 

Gambar 3. Sampah terdampar di Pulau Nipah pada lokasi NP01 (a), NP02 (b), dan NP09 (c)

Figure 3. Stranded debris in Nipah Island

 

Descriptive analysis of the entire site in this 

research revealed 9 of 10 sites were dominated by 

plastic debris with an average abundance of 1.07

16.67 items/m
2
, and an average weight of 0.03

0.56 kg/m
2
. Site 1 (NP01, Figure 3a

one which was dominated by lumber with an 

average weight of 13.44 kg/m
2
 and 

abundance of 17.15 items/m
2
. Meanwhile, the 

presence of lumber in other sites was significantly 

a 
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Sampah terdampar di Pulau Nipah pada lokasi NP01 (a), NP02 (b), dan NP09 (c)

tranded debris in Nipah Island on sampling area NP01 (a), NP02 (b), and NP09 (c)

 

Descriptive analysis of the entire site in this 

research revealed 9 of 10 sites were dominated by 

plastic debris with an average abundance of 1.07-

, and an average weight of 0.03-

a) was the only 

dominated by lumber with an 

and an average 

. Meanwhile, the 

presence of lumber in other sites was significantly 

low, with an abundance range of 0.05

items/m
2
, and a weight range of 0.04

Nipah Island has a circumference of 4255.78 m, 

the total accumulation of debris from all 

categories was estimated up to 30005 

total weight of 30.29 tons. Therefore, plastic 

debris was likely accumulated up to 3.42 tons, 

whereas lumber was likely up to 11.67 tons.

b c 
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Sampah terdampar di Pulau Nipah pada lokasi NP01 (a), NP02 (b), dan NP09 (c). 

NP09 (c). 

low, with an abundance range of 0.05-1.47 

, and a weight range of 0.04-1.16 kg/m
2
. 

Nipah Island has a circumference of 4255.78 m, 

the total accumulation of debris from all 

categories was estimated up to 30005 items with a 

total weight of 30.29 tons. Therefore, plastic 

debris was likely accumulated up to 3.42 tons, 

likely up to 11.67 tons. 
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Gambar 4. Kelimpahan sampah plastik dari identifikasi label.

Figure 4. Plastics debris abundance from a label identification.

 

A careful observation (Figure 

origin litter revealed that the dominant samples 

were product of Malaysia (24.26% or 0.86±0.87 

items/m
2
), followed by Indonesia (23.68% or 

0.84±0.75 items/m
2
), Singapore (2.33% or 

0.08±0.06 items/m
2
, and elsewhere (1.33% or 

0.05±0.04 items/m
2
). However, the rest of 

samples was unidentifiable (48.41% or 1.72±1.67 

items/m
2
) (Figure 4). There was a significant 

difference between non-label debris “made in” 

Indonesia and “made in” Malaysia with “made in” 

Singapore and “made in” other countries

0.05). 

Discussion 

The potential sources and causes of marine 

debris on Nipah Island were identified. 

preliminary result of debris on the Nipah Island in 

April 2018 indicated there are an estimated 30005 

items (average 7.05±6.71 items/m

weighing 30.29 tons (average 1.67±3.98 kg/m

distributed across this frontier and outermost 

island. Plastic debris was likely accumulated up to 

3.42 tons, whereas lumber was likely up to 11.67 

tons. This number was quite surprising because 

Nipah Island is located in the Malacca Strait area 

that has a heavy current and continuously leads to 

Cordova et al. 

. Kelimpahan sampah plastik dari identifikasi label. 

. Plastics debris abundance from a label identification. 

(Figure 4) on the 

origin litter revealed that the dominant samples 

were product of Malaysia (24.26% or 0.86±0.87 

), followed by Indonesia (23.68% or 

), Singapore (2.33% or 

, and elsewhere (1.33% or 

ever, the rest of the 

samples was unidentifiable (48.41% or 1.72±1.67 

). There was a significant 

label debris “made in” 

Indonesia and “made in” Malaysia with “made in” 

Singapore and “made in” other countries (p < 

The potential sources and causes of marine 

debris on Nipah Island were identified. A 

of debris on the Nipah Island in 

April 2018 indicated there are an estimated 30005 

items (average 7.05±6.71 items/m
2
) of debris 

(average 1.67±3.98 kg/m
2
) 

across this frontier and outermost 

Plastic debris was likely accumulated up to 

3.42 tons, whereas lumber was likely up to 11.67 

tons. This number was quite surprising because 

located in the Malacca Strait area 

that has a heavy current and continuously leads to 

the north. The Strait of Malacca has a length of 

805 km, with an average depth of approximately 

25 m and a current speed of around 2 m/s 

(Sakmani et al., 2013). The current flows from the 

Pacific Ocean and the South China Sea northward 

toward the deeper and northernmost Indian Ocean 

(Sakmani et al., 2013).  Haditiar et al. 

stated the strong current in the central and 

southern parts of Malacca, with the residual 

current of Malacca Strait moving towards 

Singaporean Waters in the south. With

current condition, it should be able to reduce the 

potency of stranded debris onto Nipah Island.  

Where the current is quite hard and always leads 

to the north, the potential for stranded debris 

stuckin Nipah Island is relatively small. How

in fact, quite a lot of stranded debris were 

on Nipah Island. The data from 

underestimate the actual volume of debris present 

on Nipah Island as all potential waste sources 

were not sampled. For instance, items buried 

under the surface and debris inside the tetrapod 

were excluded. Consequently, our data on Nipah 

Island stranded debris densities are conservative 

and values should be interpreted as minimum 

assessments. 
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to the north, the potential for stranded debris to 

in Nipah Island is relatively small. However, 

in fact, quite a lot of stranded debris were found 

The data from this study may be 

volume of debris present 

on Nipah Island as all potential waste sources 

were not sampled. For instance, items buried 

e surface and debris inside the tetrapod 

were excluded. Consequently, our data on Nipah 

Island stranded debris densities are conservative 

and values should be interpreted as minimum 



Oseanologi dan Limnologi di Indonesia 2020 5(3): 171-182 

177 
 

 
Gambar 5. Sampah plastik terdampar di Pulau Nipah berdasarkan identifikasi label. 

Figure 5. Stranded plastics debris from Nipah Island based on label identification. 

 

The present study showed that the stranded 

debris in Nipah Island was equivalent or more 

extensive than in other areas, such as 4.72-55.67 

items/m
2 

in Cocos Islands Australia (Lavers et al., 

2019), 0.10-7.50 items/m
2 

in Pulau Seribu, 

Indonesia (Willoughby, 1986), 16.8–41.6 

items/m
2
 in Cilacap coast, Indonesia (Syakti et al., 

2017), 3-347 items/m
2
 in tourism beaches around 

the South China Sea (Zhao et al., 2015), 29–393 

items/m
2
 in beach around the Portuguese 

Coastlines (Martins & Sobral, 2011). 

Based on the result of label identification 

analysis, the plastic debris was likely from the 

anthropogenic litter of land-based of Sumatra, 

Malaysia, and Singapore that was driven by the 

current. The debris sources were impossible to 

predict, only an assumption thatthe items have 

been produced in a specific country. In the case of 

an unidentified label in single-used bottle/cup 

(48.41%), it was likely caused by long weather 

exposure to the plastic including chemical 

reaction, physically processed by heat/temperature 

(thermal degradation), sunlight exposure 

(photodegradation), and also biological aspect or 

biodegradation (Muthukumar & Veerappapillai, 

2015). Plastic debris stranded in Nipah Island that 

was manufactured from other countries may have 

been driven by the current and also caused by 

shipping activities in this area. Besides, it was also 

likely came from the activities in the waters of 

Malacca Strait itself. In 2017, 84,456 ships were 

passing through the Malacca Strait, by carrying 

more than 25% of loads across the world’s ocean 

(Hand, 2018). Sealine activity in this area will 

increase the potential case of waste discharges 

from ship. 

Therefore, in relation to transboundary 

debris, the presence of plastic debris in Nipah 

Island must be treated carefully.According to 

Sheavly and Register (2007), litter from land-

based activities was the most significant 

contributor to marine pollution. Bergmann et al., 

(2015) and Sheavly and Register (2007) also 

showed that most of the marine debris source was 

from land-based, whereas the rest of it was from 

ocean-based including fisheries and 

shipping.Considering the characteristic of plastic 

(solid, easy to use, low price and portable), it has 

been used to replace other material such as 

lumber, metal, concrete, and rock (Riani & 

Muharram, 2016).  Therefore, plastic is 

increasingly applied in daily living (Riani & 

Cordova, 2018). Average production of plastic is 

78 million tons per year, 40% of the product will 

end up in landfill, 32% will distribute to the 

environment including the marine environment, 

and only 14% of the total is collectable for the 

recycling (Ellen MacArthur Foundation, 2016).  

Regarding this situation, Indonesia has the 

potential to receive transboundary debris that was 

derived from the Pacific Ocean, and later became 

a transboundary debris source for the Indian 

Ocean. These results underline the increased need 

for successful policy implementation and 
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mitigation, which at present concentrate mainly 

on locally cleaning up visible waste.Clean-ups 

based exclusively on the surface debris of a single 

frontier and the outermost island will take months 

to negotiate. This will require a considerable 

training period, and costs enormous expense. 

Therefore, this severe threat due to this 

transboundary debris urgently needs to be 

resolved by all stakeholder involved because it 

will have an impact on the environment and 

eventually escalate to the economic aspect. The 

Indonesian government should also implement the 

National Plan of Action according to Presidential 

Decree No.83/2018 for Combating Marine Debris. 

A multi-prong approach is necessary and urgently 

needed in order to prevent plastic products from 

entering the ocean (Wu et al., 2016). As 

mentioned above, science is a significant key to 

obtain proper handling management as well as the 

3R program (Reduce, Reuse, and Recycle). 

Education and outreach program, reliable system 

of law and policy, and also law enforcement to 

government and private sector, including 

substantial investment in strategies to restrict 

plastic production, use and waste management, 

are the elements to support marine pollution 

prevention. 

Conclusion 

This preliminary study in Nipah showed 

that the waste on this transboundary and 

outermost island is estimated at 30005 items 

(average of 7,05±6,71 items/m
2
), with weight of 

30.29 tons (average of 1,67±3,98 kg / m
2
), plastic 

and lumber are the dominant debris.The current 

may have driven plastic debris stranded in Nipah 

Island. The most observed of labelled print in 

single-used bottle/cup was the product from 

Malaysia, Indonesia, and Singapore, even though 

most of them were no longer identified.  

Acknowledgement 

The authors would like to thank Andreas 

Hutahaean, A. Malik Firdaus, Marine Corps of 

The Nipah Island that has assisted the sampling 

data collection. This research was part of 

Research Priority of Marine Debris and Pollution 

Coremap Phase III 2018. This research was 

funded by the Coordinating Ministry for Maritime 

Affairs of Indonesia and Research Priority 

Coremap Phase III 2018. 

 

 

Author Contribution 

  M.R. Cordova, T. Purbonegoro, R. 

Puspitasari designed the study, devised the 

project, the main conceptual ideas, and proof 

outline. M.R. Cordova, T. Purbonegoro, R. 

Puspitasari wrote, review and revise the article 

with input from other authors. R. Subandi, M.T. 

Kaisupy, S.P.A. Wibowo, Nurjamin, Suparmo, 

and S. Sapulete contribute in data curation and 

formal analysis. 

References 

Acampora, H., Lyashevska, O., Van Franeker, J. 

A., & O’Connor, I. (2016). The use of 

beached bird surveys for marine plastic 

litter monitoring in Ireland. Marine 

Environmental Research, 120, 122–129.  

https://doi.org/10.1016/j.marenvres.2016.08

.002 

Alam, F. C., Sembiring, E., Muntalif, B. S., & 

Suendo, V. (2019). Microplastic 

distribution in surface water and sediment 

river around slum and industrial area (case 

study: Ciwalengke River, Majalaya district, 

Indonesia). Chemosphere, 224, 637–645. 

https://doi.org/10.1016/j.chemosphere.2019

.02.188 

Andrady, A. L. (2011). Microplastics in the 

marine environment. Marine Pollution 

Bulletin, 62 (8), 1596–1605. 

https://doi.org/10.1016/j.marpolbul.2011.05

.030 

Barnes, D. K. A., Galgani, F., Thompson, R. C., 

& Barlaz, M. (2009). Accumulation and 

fragmentation of plastic debris in global 

environments. Philosophical Transactions 

of the Royal Society B: Biological Sciences, 

364(1526), 1985–1998. 

https://doi.org/10.1098/rstb.2008.0205 

Bergmann, M., Gutow, L., & Klages, M. (2015). 

Marine anthropogenic litter. Marine 

Anthropogenic Litter.  

https://doi.org/10.1007/978-3-319-16510-3 

Boerger, C. M., Lattin, G. L., Moore, S. L., & 

Moore, C. J. (2010). Plastic ingestion by 

planktivorous fishes in the North Pacific 

Central Gyre. Marine Pollution Bulletin, 

60(12), 2275–2278. 

 https://doi.org/10.1016/j.marpolbul.2010.

08.007 

Bucci, K., Tulio, M., & Rochman, C. M. (2020). 

What is known and unknown about the 

effects of plastic pollution: A meta-analysis 

and systematic review. Ecological 

Applications, 30(2), 1–16. 



Oseanologi dan Limnologi di Indonesia 2020 5(3): 171-182 

179 
 

https://doi.org/10.1002/eap.2044 

Carson, H. S., Lamson, M. R., Nakashima, D., 

Toloumu, D., Hafner, J., Maximenko, N., & 

McDermid, K. J. (2013). Tracking the 

sources and sinks of local marine debris in 

Hawai’i. Marine Environmental Research, 

84, 76–83. 

https://doi.org/10.1016/j.marenvres.2012.12

.002 

Clukey, K. E., Lepczyk, C. A., Balazs, G. H., 

Work, T. M., & Lynch, J. M. (2017). 

Investigation of plastic debris ingestion by 

four species of sea turtles collected as 

bycatch in pelagic Pacific longline fisheries. 

Marine Pollution Bulletin, 120(1–2), 117–

125. 

https://doi.org/10.1016/j.marpolbul.2017.04

.064 

Cordova, M. R., & Hernawan, U. E. (2018). 

Microplastics in Sumba waters, East Nusa 

Tenggara. IOP Conference Series: Earth 

and Environmental Science, 162(1), 

012023. https://doi.org/10.1088/1755-

1315/162/1/012023 

Cordova, M. R. (2020). Marine plastic debris: 

distribution, abundance, and impact on our 

seafood. In K. A. Wani, L. Ariana, & S. M. 

Zuber (Eds.), Handbook of Research on 

Environmental and Human Health Impacts 

of Plastic Pollution (Vol. 9646, pp. 94–

121). IGI 

Global.https://doi.org/10.4018/978-1-5225-

9452-9.ch006 

Cordova, M. R., & Nurhati, I. S. (2019). Major 

sources and monthly variations in the 

release of land-derived marine debris from 

the Greater Jakarta area, Indonesia. 

Scientific Reports, 9(1), 18730. 

https://doi.org/10.1038/s41598-019-55065-

2 

Cordova, M. R, & Wahyudi, A. J. (2016). 

Microplastic in the deep-Sea sediment of 

Southwestern Sumatran Waters. Marine 

Research in Indonesia, 41(1), 27. 

https://doi.org/10.14203/mri.v41i1.99 

Duhec, A. V., Jeanne, R. F., Maximenko, N., & 

Hafner, J. (2015). Composition and 

potential origin of marine debris stranded in 

the Western Indian Ocean on remote 

Alphonse Island, Seychelles. Marine 

Pollution Bulletin, 96(1–2), 76–86. 

https://doi.org/10.1016/j.marpolbul.2015.05

.042 

Ellen MacArthur Foundation. (2016). The new 

plastics economy: Rethinking the future of 

plastics. In World Economic Forum. 

http://www.ellenmacarthurfoundation.org/p

ublications 

Eriksen, M., Lebreton, L. C. M., Carson, H. S., 

Thiel, M., Moore, C. J., Borerro, J. C., 

Galgani, F., Ryan, P. G., & Reisser, J. 

(2014). Plastic pollution in the world’s 

oceans: More than 5 Trillion plastic pieces 

Weighing over 250,000 Tons Afloat at Sea. 

PLoS ONE, 9(12). 

https://doi.org/10.1371/journal.pone.01119

13 

Foekema, E. M., De Gruijter, C., Mergia, M. T., 

Van Franeker, J. A., Murk, A. J., & 

Koelmans, A. A. (2013). Plastic in north 

sea fish. Environmental Science and 

Technology, 47(15), 8818–8824. 

https://doi.org/10.1021/es400931b 

Galgani, F., Hanke, G., Werner, S., & De Vrees, 

L. (2013). Marine litter within the European 

Marine Strategy Framework Directive. 

ICES Journal of Marine Science, 70 (6), 

1055–1064). 

https://doi.org/10.1093/icesjms/fst122 

Galgani, François. (2015). Marine litter, future 

prospects for research. Frontiers in Marine 

Science, 2, 87. 

https://doi.org/10.3389/fmars.2015.00087 

GESAMP. (2015). Sources, fate and effects of 

microplastics in the marine environment: a 

global assessment”. In Reports and Studies 

GESAMP - Joint Group of Experts on the 

Scientific Aspects of Marine Environmental 

Protection, 90. 

https://doi.org/10.13140/RG.2.1.3803.7925 

Gregory, M. R. (2009). Environmental 

implications of plastic debris in marine 

settings- entanglement, ingestion, 

smothering, hangers-on, hitch-hiking and 

alien invasions. Philosophical Transactions 

of the Royal Society B: Biological Sciences, 

364(1526), 2013–2025. 

https://doi.org/10.1098/rstb.2008.0265 

Haditiar, Y., Putri, M. R., Ismail, N., Muchlisin, 

Z. A., Ikhwan, M., & Rizal, S. (2020). 

Numerical study of tides in the Malacca 

Strait with a 3-D model. Heliyon, 6(9), 

e04828. 

https://doi.org/10.1016/j.heliyon.2020.e048

28 

Hammer, Ø., Harper, D. A. T., & Ryan, P. D. 

(2001). PAST: Paleontological statistics 

software package for education and data 

analysis. Palaeontologia Electronica, 4(1), 

1–9. https://palaeo-

electronica.org/2001_1/past/issue1_01.htm

%0A 

Hand, M. (2018). Malacca Straits VLCC traffic 

doubles in a decade as shipping traffic hits 



Cordova et al. 

180 

 

all time high in 2017. Seatrade Maritime 

News. http://www.seatrade-

maritime.com/news/asia/exclusive-

malacca-straits-vlcc-traffic-doubles-in-a-

decade-as-shipping-traffic-hits-all-time-

high-in-2017.html 

Horton, A. A., Walton, A., Spurgeon, D. J., 

Lahive, E., & Svendsen, C. (2017). 

Microplastics in freshwater and terrestrial 

environments: Evaluating the current 

understanding to identify the knowledge 

gaps and future research priorities. Science 

of the Total Environmental,586,  127–141). 

https://doi.org/10.1016/j.scitotenv.2017.01.

190 

Ivar Do Sul, J. A., & Costa, M. F. (2014). The 

present and future of microplastic pollution 

in the marine environment. Environmental 

Pollution 185, 352–364. 

https://doi.org/10.1016/j.envpol.2013.10.03

6 

Iwasaki, S., Isobe, A., Kako, S., Uchida, K., & 

Tokai, T. (2017). Fate of microplastics and 

mesoplastics carried by surface currents and 

wind waves: A numerical model approach 

in the Sea of Japan. Marine Pollution 

Bulletin, 121(1–2), 85–96. 

https://doi.org/10.1016/j.marpolbul.2017.05

.057 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. 

R., Perryman, M., Andrady, A., Narayan, 

R., & Law, K. L. (2015). Plastic waste 

inputs from land into the ocean. Science, 

347(6223), 768–771. 

https://doi.org/10.1126/science.1260352 

Karbalaei, S., Hanachi, P., Walker, T. R., & Cole, 

M. (2018). Occurrence, sources, human 

health impacts and mitigation of 

microplastic pollution. Environmental 

Science and Pollution Research, 25(36), 

36046–36063. 

https://doi.org/10.1007/s11356-018-3508-7 

Kershaw, D. P. J. (2015). Biodegradable plastics 

& marine litter. Misconceptions, concerns 

and impacts on marine environments. In 

United Nations Environment Programme 

(UNEP). United Nations Enviroment 

Program (UNEP). 

http://wedocs.unep.org/handle/20.500.1182

2/7468 

Kumar, A. A., Sivakumar, R., Reddy, Y. S. R., 

Bhagya Raja, M. V., Nishanth, T., & 

Revanth, V. (2016). Preliminary study on 

marine debris pollution along Marina 

beach, Chennai, India. Regional Studies in 

Marine Science, 5, 35–40. 

https://doi.org/10.1016/j.rsma.2016.01.002 

Lavers, J. L., Dicks, L., Dicks, M. R., & Finger, 

A. (2019). Significant plastic accumulation 

on the Cocos (Keeling) Islands, Australia. 

Scientific Reports, 9(1), 7102. 

https://doi.org/10.1038/s41598-019-43375-

4 

Lebreton, L., & Andrady, A. (2019). Future 

scenarios of global plastic waste generation 

and disposal. Palgrave Communications, 

5(1). https://doi.org/10.1057/s41599-018-

0212-7 

Lebreton, L. C.M., Greer, S. D., & Borrero, J. C. 

(2012). Numerical modelling of floating 

debris in the world’s oceans. Marine 

Pollution Bulletin, 64(3), 653–661. 

https://doi.org/10.1016/j.marpolbul.2011.10

.027 

Lebreton, Laurent C.M., Van Der Zwet, J., 

Damsteeg, J. W., Slat, B., Andrady, A., & 

Reisser, J. (2017). River plastic emissions 

to the world’s oceans. Nature 

Communications, 8, 15611. 

https://doi.org/10.1038/ncomms15611 

Lee, J. (2015). Economic valuation of marine 

litter and microplastic pollution in the 

marine environment : An initial assessment 

of the case of the United Kingdom. 

Discussion Paper, March, 1–16. 

Li, J., Zhang, H., Zhang, K., Yang, R., Li, R., & 

Li, Y. (2018). Characterization, source, and 

retention of microplastic in sandy beaches 

and mangrove wetlands of the Qinzhou 

Bay, China. Marine Pollution Bulletin, 136, 

401–406. 

https://doi.org/10.1016/j.marpolbul.2018.09

.025 

Li, W. C., Tse, H. F., & Fok, L. (2016). Plastic 

waste in the marine environment: A review 

of sources, occurrence and effects. Science 

of the Total Environment, 566–567, 333–

349. 

https://doi.org/10.1016/j.scitotenv.2016.05.

084 

Lippiatt, S., Opfer, S., & Arthur, C. (2013). 

Marine Debris Monitoring and Assessment. 

NOAA Technical Memorandum NOS-

OR&R-46. NOAA Technical Memorandum 

NOS-OR&R-46, November, 82. 

http://marinedebris.noaa.gov/sites/default/fi

les/Lippiatt et al 2013.pdf 

Löhr, A., Savelli, H., Beunen, R., Kalz, M., 

Ragas, A., & Van Belleghem, F. (2017). 

Solutions for global marine litter pollution. 

Current Opinion in Environmental 

Sustainability, 28, 90–99.  

https://doi.org/10.1016/j.cosust.2017.08.00

9 



Oseanologi dan Limnologi di Indonesia 2020 5(3): 171-182 

181 
 

Martins, J., & Sobral, P. (2011). Plastic marine 

debris on the Portuguese coastlinMartins, 

J., & Sobral, P. (2011). Plastic marine 

debris on the Portuguese coastline: A matter 

of size? Marine Pollution Bulletin. Marine 

Pollution Bulletin, 62(12), 2649–2653. 

https://doi.org/https://doi.org/10.1016/j.mar

polbul.2011.09.028 

Maximenko, N., Hafner, J., & Niiler, P. (2012). 

Pathways of marine debris derived from 

trajectories of Lagrangian drifters. Marine 

Pollution Bulletin, 65(1–3), 51–62. 

https://doi.org/10.1016/j.marpolbul.2011.04

.016 

Muthukumar, A., & Veerappapillai, S. (2015). 

Biodegradation of plastics – A brief review. 

International Journal of Pharmaceutical 

Sciences Review and Research, 31(2), 204–

209. 

Newman, S., Watkins, E., Farmer, A., Brink, P. 

Ten, & Schweitzer, J. P. (2015). The 

economics of marine litter. Marine 

Anthropogenic Litter. 

https://doi.org/10.1007/978-3-319-16510-

3_14 

Nistor, I., Goseberg, N., & Stolle, J. (2017). 

Tsunami-Driven Debris Motion and Loads: 

A Critical Review. Frontiers in Built 

Environment, 3. 

https://doi.org/10.3389/fbuil.2017.00002 

Purba, N. P., Handyman, D. I. W., Pribadi, T. D., 

Syakti, A. D., Pranowo, W. S., Harvey, A., 

& Ihsan, Y. N. (2019). Marine debris in 

Indonesia: A review of research and status. 

Marine Pollution Bulletin, 146(May), 134–

144. 

https://doi.org/10.1016/j.marpolbul.2019.05

.057 

Purwiyanto, A. I. S., Suteja, Y., Trisno, Ningrum, 

P. S., Putri, W. A. E., Rozirwan, Agustriani, 

F., Fauziyah, Cordova, M. R., & Koropitan, 

A. F. (2020). Concentration and adsorption 

of Pb and Cu in microplastics: Case study 

in aquatic environment. Marine Pollution 

Bulletin, 158, 111380.  

https://doi.org/https://doi.org/10.1016/j.mar

polbul.2020.111380 

Riani, E., & Cordova, M. R. (2018). Kualitas dan 

kuantitas sampah dari kegiatan domestik di 

DAS Citarum. Prosiding Seminar Nasional 

Darurat Sampah. 

Riani, E., & Muharram, A. (2016). Sampah 

Plastik Ancaman Kehidupan Biota Laut. 

Kementerian Kelautan dan Perikanan - 

Republik Indonesia. 

Sakmani, A. S., Lam, W.-H., Hashim, R., & 

Chong, H.-Y. (2013). Site selection for tidal 

turbine installation in the Strait of Malacca. 

Renewable and Sustainable Energy 

Reviews, 21, 590–602. 

https://doi.org/https://doi.org/10.1016/j.rser.

2012.12.050 

Schulz, M., van Loon, W., Fleet, D. M., 

Baggelaar, P., & van der Meulen, E. (2017). 

OSPAR standard method and software for 

statistical analysis of beach litter data. 

Marine Pollution Bulletin, 122(1–2), 166–

175. 

https://doi.org/10.1016/j.marpolbul.2017.06

.045 

Sheavly, S. B., & Register, K. M. (2007). Marine 

debris & plastics: Environmental concerns, 

sources, impacts and solutions. Journal of 

Polymers and the Environment, 15(4), 301–

305. https://doi.org/10.1007/s10924-007-

0074-3 

Sheavly, Seba B. (2010). National Marine Debris 

Monitoring Program: final program report, 

data analysis and summary. (p. 28). 

Sheavly Consultants, Inc. Prepared for: 

U.S. Environmental Protection Agency, 

Oceans and Coastal Protection Division, 

Marine Pollution Control Branch. 

http://www.portalasporta.it/dati_plastica/M

arine_Debris_2010.pdf 

Syakti, A. D., Bouhroum, R., Hidayati, N. V., 

Koenawan, C. J., Boulkamh, A., Sulistyo, 

I., Lebarillier, S., Akhlus, S., Doumenq, P., 

& Wong-Wah-Chung, P. (2017). Beach 

macro-litter monitoring and floating 

microplastic in a coastal area of Indonesia. 

Marine Pollution Bulletin, 122(1–2), 217–

225. 

https://doi.org/10.1016/j.marpolbul.2017.06

.046 

Syakti, A. D., Hidayati, N. V., Jaya, Y. V., 

Siregar, S. H., Yude, R., Suhendy, Asia, L., 

Wong-Wah-Chung, P., & Doumenq, P. 

(2018). Simultaneous grading of 

microplastic size sampling in the Small 

Islands of Bintan water, Indonesia. Marine 

Pollution Bulletin, 137, 593–600.  

https://doi.org/10.1016/j.marpolbul.2018.11

.005 

Teuten, E. L., Saquing, J. M., Knappe, D. R. U., 

Barlaz, M. A., Jonsson, S., Björn, A., 

Rowland, S. J., Thompson, R. C., 

Galloway, T. S., Yamashita, R., Ochi, D., 

Watanuki, Y., Moore, C., Viet, P. H., Tana, 

T. S., Prudente, M., Boonyatumanond, R., 

Zakaria, M. P., Akkhavong, K., … Takada, 

H. (2009). Transport and release of 

chemicals from plastics to the environment 

and to wildlife. Philosophical Transactions 



Cordova et al. 

182 

 

of the Royal Society B: Biological Sciences, 

364(1526),2027–

2045https://doi.org/10.1098/rstb.2008.0284 

Thompson, R. C., Moore, C. J., Saal, F. S. V., & 

Swan, S. H. (2009). Plastics, the 

environment and human health: Current 

consensus and future trends. Philosophical 

Transactions of the Royal Society B: 

Biological Sciences, 364(1526), 2153–

2166. 

https://doi.org/10.1098/rstb.2009.0053 

Thompson, R. C., Olson, Y., Mitchell, R. P., 

Davis, A., Rowland, S. J., John, A. W. G., 

McGonigle, D., & Russell, A. E. (2004). 

Lost at Sea: Where Is All the Plastic? 

Science, 304(5672), 838.  

https://doi.org/10.1126/science.1094559 

Van Franeker, J. A., Blaize, C., Danielsen, J., 

Fairclough, K., Gollan, J., Guse, N., 

Hansen, P. L., Heubeck, M., Jensen, J. K., 

Le Guillou, G., Olsen, B., Olsen, K. O., 

Pedersen, J., Stienen, E. W. M., & Turner, 

D. M. (2011). Monitoring plastic ingestion 

by the northern fulmar Fulmarus glacialis in 

the North Sea. Environmental Pollution, 

159(10),2609–

2615.https://doi.org/10.1016/j.envpol.2011.

06.008 

Watkins, E., ten Brink, P., Withana, S., 

Mutafoglu, K., Schweitzer, J.-P., Russi, D., 

& Kettunen, M. (2015). Marine litter: 

socio-economic study. Scoping report. In 

Instiutute for European Environmental 

Policy (Issue May). 

Willoughby, N. G. (1986). Man-made litter on the 

shores of the Thousand Island archipelago, 

Java. Marine Pollution Bulletin, 17(5), 

224–228. https://doi.org/10.1016/0025-

326X(86)90605-3 

Wu, W.-M., Yang, J., & Criddle, C. S. (2016). 

Microplastics pollution and reduction 

strategies. Frontiers of Environmental 

Science & Engineering, 11(1), 6. 

https://doi.org/10.1007/s11783-017-0897-7 

Zhang, H. (2017). Transport of microplastics in 

coastal seas. Estuarine, Coastal and Shelf 

Science,199,74–

86.https://doi.org/10.1016/j.ecss.2017.09.03

2 

Zhao, S., Zhu, L., & Li, D. (2015). 

Characterization of small plastic debris on 

tourism beaches around the South China 

Sea. Regional Studies in Marine Science, 1, 

55–62. 

https://doi.org/10.1016/j.rsma.2015.04.001 

 


