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IDENTIFICATION OF FLOATING MARINE DEBRIS IN THE BANDA ACEH ESTUARY 

Koko Ondara & Ruzana Dhiauddin

ABSTRACT

The coastal area of Banda Aceh City have the potential to be polluted by waste from the mainland as much as 45.41 
tons/day. One source of land waste is the Krueng Aceh river, the river has dense residential areas and high community activities 
such as ports, ship repairs, traditional markets, recreation and fishing activities. This study aims to identify floating debris in 
the Krueng Aceh estuary. Data collection was carried out at the mouth of the river using a debris trap mounted on the ship that 
moves periodically and the research time was based on tidal charts. The results showed that type of marine debris found is 
plastic, cloth, processed wood, rubber and metal. Plastic debris is the most common debris found by 89 % on the surface of the 
Krueng Aceh estuary at spring tide and neap tide. The highest amount of debris is found in the morning 09.50 AM and 03.32 
PM in the evening. 
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INTRODUCTION

Marine debris is waste originating from land, 
rivers, and beaches that flow into the sea or waste 
originating from activities at sea. Meanwhile, plastic 
waste is waste that contains polymer compounds (PP 
Nomor 83, 2018). The amount of world plastic 
production reached 348 million tons in 2017, an 
increase of 10 million tons from the previous year 
(Plastics Europe, 2018) However, the increase in 
plastic production is not accompanied by good plastic 
waste management, so that plastic debris resulting 
from human activities on land is located and pollutes 
the waters (Agustina et al., 2020).  One of the cities 
that has the potential for marine debris from the 
mainland is Banda Aceh, a city on the tip of Sumatra 
Island which faces directly to the Indian Ocean and 
Andaman Waters. Land waste in Banda Aceh City has 
the potential to produce 56.77 tons/day of waste  
(Murnianti et al., 2019). Referring to the results of 
research which states that 80% of marine debris comes 
from land (Allsopp et al., 2006), the waters of Banda 
Aceh City have the potential to be polluted by waste as 
much as 45.41 tons/day (Agustina et al., 2020). A study 
on zero waste that the composition of waste throughout 
Banda Aceh consists of 89.1% organic waste, 2.5% 
paper and 0.74% plastic (Nizar et al., 2018b). According 
to the same source, waste management in Banda 
Aceh City is still carried out conventionally, which is 
collected and transported to an open landfill in the 
Gampong Jawa area which is directly adjacent to sea 
waters. The content of essential heavy metals (Zn, Cu, 
Fe, Co, and Mn) in small concentrations from some 
leachate wastewater samples taken at the Gampong 
Jawa TPA which still must be watched out for because 
it can cause toxic effects if accumulated in large 
quantities (Irhamni et al., 2017).

Research on marine debris in Aceh province on 
the composition of marine debris has been carried out 
in West Aceh (Kusumawati et al., 2018; Rahmayanti et 
al., 2020) and Banda Aceh (Agustina et al., 2020; Nizar 
et al., 2018a; Ondara & Dhiauddin, 2020), marine 
debris management (Kusumawati, 2019; Kusumawati 
& Setyowati, 2020; Nizar et al., 2017), the impact of 
marine debris on biota (Nufus & Zuriat, 2020), 
microplastics in Banda Aceh (Yumni et al., 2020)  and 
analysis of debris carbon emissions(Faisal, 2015; 
Sofriadi et al., 2017). To identify the composition of 
marine debris in Banda Aceh City, there is only one 
journal (Agustina et al., 2020) whose research was 
conducted in river mouths. The results of the study 
stated that bottled drinking water was the most common 
floating marine debris found in the Krueng Aceh river 
estuary, the largest river in Banda Aceh City. The 
estuary of the river which directly faces open waters 
and faces directly to the Indian Ocean and Andaman 
Waters, has the potential to produce marine debris 
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originating from the mainland, which is then distributed 
to these waters and also to the Malacca Strait (Ondara 
et al., 2021). The area around the Krueng Aceh river 
has dense residential areas and high community 
activities such as ports, ship repairs, traditional markets, 
recreation and fishing activities make the river waters 
polluted (Hadi et al., 2018). Research on marine debris 
is still less in Aceh Province, especially in estuary area 
in Banda Aceh City. This study aims to identify floating 
waste in the estuary area of the largest river in Banda 
Aceh City, namely the Krueng Aceh river. The data and 
information on the composition and characteristics of 
waste in estuary, it is hoped that it can assist the 
handling and control of marine debris originating from 
land. 

METHODOLOGY

The study was conducted at the Krueng Aceh 
river estuary in Banda Aceh City for 3 days from March 
2-4 2019. Debris items should only be recorded if they 
are at least 2.5 cm in size the longest dimension 
(Lippiatt et al., 2013). This size approximately the 
diameter of typical beverage bottle cap was chosen to 
ensure that the same size items are counted across 
surveys and to maintain consistency in survey results.

 
Marine debris data collection conducted at the 

river mouth is carried out to see the discharge data of 
marine debris entering and leaving estuary. Marine 
debris data retrieval is carried out using waste catchers 
mounted on the front and side of the ship. The waste 
trap used is made of nets with a density of 2x2 mm and 
has dimensions of 2x2 meters. Debris taken is on the 
surface (maximum depth of 1 meter from the surface). 
The ship moves back and forth 4 times horizontally 
between equal rivers. Debris that has been collected is 
then washed to remove adhering particles, then dried 
in the sun to weigh the mass of the object. The types of 
debris observed were plastic waste, metal, glass, 
rubber, processed wood, ceramics and clothing (Opfer 
et al., 2012). The debris data obtained was then made 
in graphical form to facilitate analysis of the composition 
of the debris and also the characteristics of the debris 
at each time of observation.

RESULTS AND DISCUSSION 

River Condition
The results of observations during the data 

collection process showed that there were many 
community activities around the river border. This 
activity has the potential to increase the amount of 
waste in the river which will lead to the open sea. In 
addition to marine debris, these activities will affect 
the quality of river and sea water and affect the life of 
coastal biota.

 



Estuary Marine Debris 
In the process of collecting samples at the 

estuary, it is seen that the plastic waste category is 
more dominant than other types of debris. The results 
obtained are in accordance with research that has 
been carried out in Surabaya (Kurniawan & Imron, 
2019), Bangka Belitung (Riskiana et al., 2020), Jakarta 
(Rahmad et al., 2019), Palembang (Maherlsa, 2018), 
Kutai Kratanegara (Sari Dewi et al., 2015), Citarum 
(Pamungkas et al., 2021). The types of debris found in 

the estuary area can be seen in Figure 3.
 
Debris from capture fisheries activities such 

as fishing nets (Figure 3c) and plastic (Figure 3a) is 
harmful to marine biota because it can trap marine life, 
cover mangrove roots, seagrasses, coral reefs and if 
degraded to a smaller size, it will become microplastic 
debris (Brandon et al., 2016; Khoironi et al., 2020; 
Zhang et al., 2021). Ceramic debris (Figure 3b) in the 
waters can be arbitrarily shaped and have sharp edges. 
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Research location at Krueng Aceh river estuari, Banda Aceh.Figure 1.  

Activities of (a) boat docking, (b) capture fisheries, (c) traditional markets and (d) residential 
areas and public transportation routes around the Krueng Aceh river estuary.

Figure 2.  

a)

d)c)

b)
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These ceramic debris can injure marine life as well as 
humans (Katsanevakis & Katsarou, 2004; Lasut et al., 
2021). 

Marine debris with the plastic category still 
dominates the amount of waste found at river mouths 
(Table 1). The plastic debris found was 89.7% with the 
majority being plastic packaging and bottled drinking 
water. In addition, 5.59% of cloth, 4.03% of processed 

wood, 0.4% of rubber and 0.22% of metal. 

The maximum amount of marine debris found 
on March 3, 2019 at 09.50 AM and 03.32 PM was 
22% and 11% of the total amount of debris. In the 
morning and evening, it is the time for human activities 
especially in areas commensurate with the river such 
as loading and unloading ship activities, traditional 
markets and household activities in residential areas. 

Types of derbis found in the Krueng Aceh estuary (a) plastic (b) ceramics (c) fishing nets and (d) 
baby diapers.

Figure 3.  

Time   Water  Tides Plastic Metal Rubber Wood  Cloth Total
   Elevation       item
   (meter)

02/03/2019 02.08.00 1.85  neap 32    12   44
02/03/2019 12.32.00 2.00  spring 31     1 32
02/03/2019 15.20.00 1.91  neap 7       7
02/03/2019 19.57.00 1.17  neap 52       52
02/03/2019 22.10.00 1.39  spring 20       20
03/03/2019 03.15.00 1.83  neap 0       0
03/03/2019 07.47.00 1.16  neap 13       13
03/03/2019 09.50.00 1.35  spring 91  2 2 3 98
03/03/2019 13.44.00 2.11  spring 35     10 45
03/03/2019 15.32.00 2.01  neap 52 1      53
03/03/2019 20.15.00 1.05  neap 32    2 7 41
03/03/2019 22.15.00 1.22  spring 31    2 4 37
04/03/2019 01.46.00 1.95  spring 5         5
     
     Total 401 1 2 18 25 447

The amount of marine debris at the Krueng Aceh estuaryTable 1.

a)

d)c)

b)
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The least amount of waste was found on March 3 at 
03.15 AM and on March 4, 2019 at 01.46 AM at 0% 
and 1%, respectively. The least amount of debris found 
occurred at a time when there was minimal human 
activity because it occurred between 00.00 AM and 
04.00 AM.

 
When spring and neap tide, plastic debris found 

is 89.87% at spring tide and 89.52% at neap tide. 
Meanwhile, fabric/cloth debris at spring tide is 7.59% 
and at neap tide is 3.33 %, processed wood debris at 
spring tide is 1.69% and at neap tide is 6.67 %, rubber 
debris is at spring tide 0.84% and no rubber debris 
is found at neap tide. For the amount of metal debris 
found at spring tide and neap tide, very little was found, 
namely 0% and 0.48%, this is because metal waste 
has a heavier mass than other types of debris in unit 
form. Because the data what is observed is surface 
area (maximum depth of 1 meter), there is a possibility 
that metal waste is at the bottom of the river.

CONCLUSION 

The types of marine debris found were plastic, 
cloth, processed wood, rubber and metal. Meanwhile, 
ceramic waste was not found during the data collection 

process. Plastic waste is the most common debris found 
on the surface of the Krueng Aceh estuary at spring 
and neap tide. The most amount of debris is found in 
the morning and evening when human activities are 
quite high at that time
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