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ABSTRACT 

Marine debris has become a ubiquitous environmental problem, threatening marine 

ecosystems and human health. Many natural beaches are prone to plastic pollution as 

development and population growth have rapidly increased. The prevalence of marine debris can 

lead to the degradation of marine ecosystems, the loss of vital resources and revenue streams for 

local communities. Timor-Leste, the youngest country in Southeast Asia and part of the Coral 

Triangle, is currently coming to terms with the severity of this issue. This project was intended to 

conduct education and outreach to local schools and universities, as well as to examine the 

current status of marine debris at two study sites, Kusu and Dolok Oan beaches. The data were 

collected to analyze if there were any differences in marine debris volume, quantity or weight. 

Our findings indicated greater amounts of marine debris at Dolok Oan than Kusu likely due to 

significant differences in visitor rates, business activities and high population numbers. Students 

and community volunteers showed considerable interest in the outreach and cleanup programs, 

including gained knowledge and inspiration. Although many citizens were previously unaware of 

the issues associated with marine debris. The results suggested that future studies on the effects 

of marine debris, mitigation strategies, and law enforcement are needed. Because of the success 

of the project, the project leaders now have the experience and community connection to conduct 

more public outreach and scientific studies to further improve our understanding of the marine 

debris. The next priority is to establish a baseline of the amount and composition of marine 

debris, along with maps of its distribution, for comparison in future research. 
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INTRODUCTION 

Every year we discard between 1.1 and 8.8 million metric tons of mismanaged plastic 

waste into the world’s oceans (Jambeck et al. 2015). Currently it is estimated that approximately 

250,000 tons of plastic have broken down into microplastic (less than 4.75 mm) that has 

dispersed throughout the oceans (Eriksen et al. 2014). About 80% of marine debris originated 

from land and the remainder comes from fishing and commercial vessels (Jang et al. 2014). 

Thus, it has an ecological impact on shorebirds, sea turtles, whales, dolphins, and large fish, 

mainly through entanglement. It also has an impact on many other marine species by ingestion 

(Sheavly & Register 2007; Gregory 2009). Marine debris also negatively threatens marine and 

coastal environments, and human health and safety (Campbell et al. 2016; Thompson et al. 

2009).  

Due to a lack of access to potable water in most parts of Timor-Leste (United Nations 

Development Programme 2011), the importation of plastic water bottles from Indonesia has 

become a standard practice. Along with this concern, lack of local industries makes Timorese 

people rely heavily on imported products such as food, building supplies, clothes, and even 

second-hand commodities, such as computers, donated by partner nations. Plastics, fishing nets, 

sorting baskets, crates, buckets, hand reels, light globes, ropes, and gloves are also widely 

distributed from both local and neighboring countries, such as Australia (Alongi et al. 2011). 

Uncontrolled waste management caused by a lack of regulations offers no immediate prospect of 

improvement. All these factors cause coastlines in Timor-Leste to become more exposed to and 

affected by marine debris, from both land and ocean. Marine debris has seriously threatened the 

environment and the community, and the threat has increased since Timor-Leste became an 

independent country in 2002. However, the effects of marine debris on this nascent Asian-Pacific 

country are poorly understood.  

The Timorese public knowledge about marine debris has been very minimal due to the 

lack of education as well as governmental and institutional influences and supports. Therefore, 

we strongly believe that an initiative that would create an opportunity to educate and inspire 

communities to be serious stewards of their coastlines was needed. Essentially, it would enable 

us to gain more knowledge about the consequences of the issue and promote future related 

studies.  

The purpose of this research project, conducted over six weeks (from mid-May to June 

2016), was to comprehensively understand the current marine debris status of two study sites and 

conduct public presentations based on qualitative and quantitative data that were collected. The 

study was expected to achieve three main objectives: 

● to educate public through presentations about plastic pollution effects on coastal and 

marine environments; 

● to reduce marine debris in coastal areas, and identify and quantify the types, sizes, 

volume and/or quantity of debris in each study site and;  

● to provide a future statistical baseline and map of marine debris distribution along 

Timor-Leste’s coastline; 
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MATERIALS AND METHODS   

The Study Sites 

Kusu (Com village) and Dolok Oan (near Dili, the capital) beaches (Figure 1) have been 

identified as sites with the highest amount of marine debris, although no comparative studies 

have been done (Table 1). The debris along the coastline of Dolok Oan tends to be very 

prominent due to high population growth, increased consumption, and high beach access. Kusu 

beach also generates a large amount of marine debris, caused by beach visitors, tourists and 

fishing activities, although it has low beach usage. Along with current plastic accumulation, we 

estimated that the whole coastline is still in recovery from the devastation caused by the 1999 

war for independence from Indonesia, and a lot of associated debris still remains. 

Table 1. Background information of the two study sites at Dolok Oan and Kusu. 

Study Site Length (Km) Coordinates Beach Accessibility Rate 

Kusu ~2 08°21.885’ S 

127°05.082’ E 

Low 

Dolok Oan 1.8 08°31.325’ S 

125°36.767’ E 

High 

 

 

Figure 1 - The map of two study sites. Kusu is located at the eastern tip of Timor-Leste, while 

Dolok Oan lies on the northern coast of the island. 
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Qualitative Methods 

Before the project began, we created a small team that helped organize the events and 

prepared the logistics. Our team was composed of university students and representatives from 

local environmental groups, such as Movimento Tasi Mos (MTM) and Konservasaun Flora-

Fauna (KFF). We were 8 members; I was the group leader who gave the talks, supported by the 

others as moderators in each presentation. Weekly meetings were held to evaluate our program 

progress and discuss upcoming events.  

The team met with local school directors and university professors to discuss our agenda 

of education and outreach programs on marine debris. At their suggestion, we wrote an official 

letter to send to 3 schools and 4 universities in Dili requesting to set up presentations. They are 

private schools that consist of junior and high school students. For the universities, we targeted 

departments such as Tourism, Agriculture, Fisheries, Biology, Economics, and Social Science. 

We also collaborated with some of the student leaders of these departments to help us share the 

information about our event and provide equipment and venues for the presentations. In addition, 

we had unofficial meetings with coastal community representatives.  

The public outreach focusing on the issue of marine debris (plastic pollution) was 

completed by giving presentations to middle schools, high schools, universities, and local 

communities. The approach was intended to introduce science facts related to environmental and 

socio-economic impacts that are associated with the issue of marine debris. The audience was 

given opportunities to ask questions. The total length of each presentation was roughly one and a 

half hours, including talks, short videos, and discussion sessions. Each presentation mainly 

focused on marine debris, marine biodiversity, and tourism of Timor-Leste. The materials for the 

presentation were varied based on the level of knowledge and interest of students and 

participants, and therefore they were able to appreciate the subject effectively. For instance, 

cartoon videos of marine debris were played for junior high and high school students and short 

documentaries were shown for university students. We also provided brochures to the 

participants and volunteers during presentations and after beach cleanups. The brochures 

highlighted the important points of the presentation with texts, pictures, and charts, and provided 

some valuable tips for beach cleanup. Approximately 500 copies were distributed. To maximize 

the effectiveness of our communication strategy, all information was presented and printed in 

Tetun, Timor-Leste’s official language.  

We organized coastal cleanup events at both coastlines, Kusu and Dolok Oan. We sent 

letters to schools, universities, government officials, local business companies, and other groups. 

The first cleanup was in Dolok Oan beach on June 19, 2016, to celebrate the one year 

anniversary of Movimento Tasi Mos. The volunteers were from elementary, junior high schools 

and high schools, universities, and other stakeholders. The cleanup and survey took five hours, 

from 9:00 am until 2:00 pm. At Dolok Oan, we used big four trucks to load the debris and 

transported it to Tibar landfill. Data including marine debris types, quantities and volume were 

collected during and after the cleanup at both sites. 

The second coastal cleanup was held on July 25, 2016 at Kusu beach, taking only two 

hours, from 9-11 am. Twenty volunteers travelled from Dili to Com, a journey of five and a half 

hours. The original plan was to organize a beach cleanup for the whole coastline of Com with 
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local students and residents. Due to safety concerns because of recent saltwater crocodile attacks, 

we cancelled our original plan. Additionally, the local communities had intentionally done 

several cleanups in Com before the project was conducted. The trash was transported to the Com 

landfill using a small truck after the cleanup.  

During the cleanup, we interviewed personnel from the MTM, as well as volunteers and 

coastline community representatives, regarding observations about plastic pollution and previous 

debris removal efforts. A wide variety of comments showed that some people are not aware of 

the crisis of pollution, whereas others realize the need for immediate placement of regulations, 

and another group is concerned for the improvement to attract more tourists.  

Quantitative Methods 

We identified and quantified the debris collected into different categories based on 

material, size, weight, and quantity, then calculated a percentage of the total volume for each 

category. The debris data included six categories: plastic, metal, glass, rubber, clothes/fabrics, 

and larger debris items (larger than 1ft). Each category had types of trash and quantity, however 

we combined plastic, clothes/fabrics, and rubber materials together when weighing. Due to time 

constraints, hot weather and lack of people on counting the collected debris items, we only 

recorded its estimated number, percentage and weight. For larger debris, we used a Stanley 

Measuring Tape Rule to measure the size. We then used a Taylor Digital Pillow Scale to weigh 

the debris. We also used Garmin a GPSMap 76S to take waypoints. 

At each study site we recorded the start and end times of the cleanups, along with season, 

time of low tide, and weather conditions. Two study sites were monitored weekly and we 

obtained photos of each location before and after cleanup. The datasets were analyzed using a 2 

Sample T-test to see if there were any significant differences in volume, quantity and weight of 

debris between the two study areas. 

The types of plastic included beverage bottles, plastic ropes, buoys and floats, fishing 

lures and line, container cups, cigar tips, cigarettes, jugs or containers, and cups 

(polystyrene/foam plastic). The rubber types were flip-flops, tires, balloon-latex, and rubber 

fragments. The clothes/fabric included clothing and shoes, towels/rags, fabric pieces, and 

rope/net (non-nylon). The items for metal included aluminum/tin cans, aerosol cans, and metal 

fragments. The glass items were beverage bottles, jars, and glass fragments. Larger debris, such 

as fishing lines and ropes was measured by the width and length. Finally, average age was 

estimated based on texture, color, and amount of degradation for each location. All the marine 

debris categories and quantities are shown in Appendix 1 and Appendix 2.  

 

RESULTS 

Qualitative 

During six weeks of conducting the study, only 4 institutions responded to the invitation 

letter for a presentation. Some gave a late response because the time conflicted with school 

activities. The participating audience included students from different departments, along with 

the professors, directors, and deans (Table 2). Dili Institute of Technology (DIT) and 
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Universidade Nacional Timor Lorosa’e (UNTL) had the same presentation content, which 

focused more on marine debris and its effects on resources and socio-economics. The 

International Relations and Administration Department presentation highlighted plastic pollution 

and governmental policies and regulations. The presentation to Canossa School emphasized 

marine debris, marine resources, and basic science. Figures 2-4 show participation in 

presentations at schools, universities, and community meetings. 

Table 2. The list of institutions, presentation types, and total audience of given presentations.  

University and School Type of Presentation Number of Audience   

Dili Institute of Technology 

(DIT) 

Marine Debris, Marine 

Biodiversity and Tourism  

>80  

Universidade Nacional Timor 

Lorosa’e (UNTL) 

Marine Debris, Marine 

Biodiversity and Tourism  

>100  

International Relations and 

Administration Department of 

UNTL 

Marine Debris and 

Tourism  

~20  

Canossa School of Dili Marine Debris and 

Marine Biodiversity 

~40 

 

 

Figure 2 - a). Canossa School students attending the presentation. b) UNTL students listening to 

the presentation on marine debris. 

 

Figure 3 - a). DIT students attending the presentation. b). Group photo with International      

Relations and Administration Department students after the presentation. 
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Figure 4 - a). Presenter explaining the global accumulation of ocean gyres. b). Meeting with the 

local community representatives in Com before the cleanup. 

Quantitative 

At each study site, the tide range and weather were slightly different. The tide range of 

Dolok Oan was about 2.3 meters (7.5ft), and the sky was cloudy with a temperature of about 

27°C - 32°C (82°F - 90°F) during the survey. The tide range during Kusu beach field work was 

approximately 1.5 meters (4.9ft), and there was a clear sky with a temperature of 30°C - 32°C 

(86°F - 90°F).  

At Kusu we obtained about 300 kg (661 lbs) total of plastic, rubber, clothes, and glass. At 

the Dolok Oan beach location, we collected approximately 2,721 kg (6,000 lbs) of plastic, 

rubber, and clothes. In both locations, larger debris was also present, some too large to weigh. 

Therefore, we only took measurements of its length. The debris age was analyzed based on its 

physical characteristics. Volunteers were counted before each cleanup, although Dolok Oan 

gathered more people during the cleanup. Table 3 shows the mass of collected debris and number 

of volunteers at both Kusu and Dolok Oan. Figure 5 shows the estimated percentage of each type 

of debris collected at both study sites.  

Table 3. Marine debris total quantity, types, estimated age, and number of volunteers at each 

study area. 

Study Site Total 

Mass 

(kg) 

Items Larger 

Debris  

Average Age 

of Debris 

Number of 

Volunteers 

Kusu ~300 

(661 lbs) 

Plastic, rubber,  

clothes, and 

glass 

Fishing nets 

and ropes (1 

m) 

Mostly old, 

deposited in 

sand, buried, 

brittle, and 

fragmented 

20 

Dolok Oan  ~2,721 

(6,000 

lbs) 

Plastic, rubber,  

clothes, and 

glass 

Fishing nets 

(2 m), ropes, 

wood, and 

long metals 

Mostly fresh, 

new, less 

fragmented, 

and durable 

>130  
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Figure 5 - The estimated percentage of collected trash at two coastlines, Kusu (5a) and Dolok 

Oan (5b). The plastic percentage is statistically higher compared to other categories.  

The Dolok Oan beach cleanups obtained more than 130 volunteers. They included 

students, parents, community members, government officials, and the media. In Com, 20 

volunteers from a local university completed the cleanup effort, which covered nearly 1 km of 

Kusu shoreline. Figures 6-9 show the pre-cleanup and post cleanup activities at both coastlines. 

 

Figure 6 - a). Close up image of debris type found at Kusu. b).Volunteers taking part in the 

cleanup event. 

 

Figure 7 – a). Plastic trash being collected by the volunteers. b). Volunteers removing debris that 

had been buried into sand at Kusu. 

78% 

9% 

0% 
9% 

2% 2% 

Total Debris in Kusu 

Plastic

Rubber

Metal

Glass

Clothes/Fabric

Larger Debris

85% 

5% 0% 

8% 

1% 1% 

Total Debris in Dolok Oan 

Plastic

Rubber

Metal

Glass

Clothes/Fabric

Larger Debris
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Figure 8 – a). Junior high students picking up empty water bottles and flip-flops at Dolok Oan. 

b). Volunteers loading trash bags into trucks after analysis. 

 

Figure 9 – a). Pre-cleanup photo of Dolok Oan. b). Post-cleanup photo of Dolok Oan. 

 

DISCUSSION 

The high level of engagement in our cleanup and public education program shows the 

willingness of students and volunteers to directly learn and take action about marine debris 

issues. The project has also become an essential topic for universities, particularly Universidade 

Nacional Timor Lorosa’e (UNTL). Professor Mario Gomez has confessed that the presence of 

the program has given support and hope to his team who has been working hard to open a new 

department of Fisheries and Marine Science under the Faculty of Agriculture in 2018.  

For future studies, we intend to provide opportunities for junior students, high school 

students, university students, and coastal communities to learn about marine debris and recycling 

programs through presentations and field trips. The fundamental aspect of this approach is to 

allow students and participants to gain a holistic understanding by approaching the issue from 

scientific, socio-economic, and cultural perspectives. We hope to generate a collaborative 

environment where innovative solutions can be created that mitigate the future effects of marine 

debris at the local level. In addition, we anticipate that this partnership will help increase the 

number of volunteers in the field and expand the educational program throughout the country. In 

order to achieve these goals, we will work closely with academic institutions, the Timorese 

government, local business companies, and interested stakeholders.  

Both beaches produced the same types of debris, but they varied in quantity and age. 

Dolok Oan has high visitor rates, coastal business activities, and high population numbers. Beach 
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cleanup took place frequently and the trash was picked up regularly. The volume of debris 

returned to pre-cleanup condition in less than six months. Kusu has less marine debris due to its 

remoteness and lower visitor rates, and requires less frequent cleanups. Due to these factors, a 

proportion of the existing debris still remains, but the imminent threat to the local ecosystem is 

not as severe as at Dolok Oan. However, because there is no municipal landfill in the village, 

coastal communities in Com (only a few kilometers from Kusu beach) often bury and burn their 

waste, so there remains an unquantifiable risk at this site. Analysis of the debris and community 

interviews confirmed our initial assumptions, and therefore we concluded that most debris 

discharge at the Kusu site is likely older than Dolok Oan. 

According to our personal observations and interviews, we expected that some old debris 

still remained in the intertidal zones, and some has been buried by sediment due to wave action 

and sea level rise. The interviewers claimed that the plastic waste likely increased during and 

after holidays, big public events, and the rainy season. Specifically, Dolok Oan beach has a high 

visitor number annually and geographically has a high exposure to the city’s unmanaged waste 

compared to Kusu. Additionally, the fishing ropes and ghost nets that were found (Table 3), were 

suspected to have originated from fishing vessels and neighboring islands, as industrial fishing 

activities are quite high in the Timor and Arafura seas (Butler et al. 2013; Wilcox et al. 2014; 

Edyvane & Penny 2017). From an oceanographic standpoint, we inferred that eastern (i.e. Com) 

and southern coastlines receive more ocean debris caused by the Indonesian Throughflow 

Current that transits through Banda Sea and Timor Sea (Alongi et al. 2013; Gordon 2005). 

However, our data results were not sufficient evidence to support the theory. Therefore, future 

studies should investigate the debris sources that are transported by ocean currents into Timor-

Leste’s coastline. 

Since 2014, Dili has generated about 103 tons per day (tpd) of solid waste and may be 

increased to 137 tpd by 2020. The biodegradable wastes account for approximately 60% and the 

remaining are recyclables, residuals and other waste types (Japan International Cooperation 

Agency 2016). Our findings also suggest that most of the debris at both sites originated locally. 

In this respect, we found that the rapid increase of many plastics and other litter from urban 

development and human population growth, as well as poor waste management and lack of 

regulations, contributed to the issue.  

Due to the success of the project, we are convinced that immediate action should be taken 

before this issue reaches the critical point that will lead to major environmental problems for 

Timor-Leste’s coastal and marine resources. Therefore, we highly recommend the expansion of  

scientific studies, education programs, and public campaigns in the near future regarding marine 

debris, and to identify other coastlines that are ecologically, economically, and culturally pivotal 

for the country.  

The following recommendations are crucial to the future health of Timor-Leste’s coastal and 

marine ecosystems: 

- conduct more scientific research and surveys on marine debris in Timor-Leste (i.e. 

monthly, quarterly or annually); 

- encourage university students to lead marine debris and related marine studies to enhance 

their knowledge and skills; 



13 
 

 

- create more community outreach and education programs through interactive classes with 

students and stakeholders (i.e. visual media); 

- implement curriculum that highlights environmental education for the primary, junior, 

and high schools; 

- enforce law and policy related to environmental impacts, particularly plastic pollution 

and illegal fishing; 

- establish joint agreements with Indonesian and Australian governments to set regulations 

on plastic consumption and safeguard the ocean boundaries from illegal fishing;  

- strengthen local governance to implement marine debris education and community-based 

beach cleanups; 

- improve country’s water quality, especially provide water fountains in public areas; 

- provide more trash containers labeled for different types of trash, especially at public 

facilities on the beaches and parks; 

- encourage local restaurants and hotels to use biodegradables, such as plates, cups, and 

straws; 

- provide an adequate landfill that can accommodate different types of trash, as well as 

recycling programs that benefit local communities; 

- train lifeguards and park rangers to gain more knowledge in monitoring the important 

coastlines; 

- use reusable and refillable bottles in order to minimize plastic bottles and; 

- provide smoking areas that request users to deposit their waste in appropriate containers. 
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APPENDIX 1. The category of debris, percentage and estimated total for Kusu and Dolok Oan.  
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APPENDIX 3. The visual images of debris types. Kusu likely had old deposited and fragmented 

debris, whereas Dolok Oan had mostly new and fresh debris (based on its physical structure).  

 

Kusu – a). Fragmented styrofoam, nets and flip-flops. b). Old beverage tip anchoring into 

mangrove root, which carried by ocean waves. c). Debris types found in Kusu coastline during 

cleanup. d). Volunteer group photo after cleanup. 

 

Dolok Oan - a). Buoys and fishing floats along with cage metals were collected during cleanup. 

b). Photograph of massive accumulation of fishing ropes and nets on the shore during survey. c). 

Dolok Oan beach prior to cleanup. d). The post-cleanup debris awaiting identification and 

categorization. 


