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Indonesia is the world's second greatest producer of plastic waste after China. The bulk of waste produced ac-
cumulates in metropolitan regions due to the increasing population, and the situation has spread to rural areas
with a limited population. The residents of the Sinjai Regency have felt the impact of the growing amount of
debris, and it is expected to worsen without immediate action. Coastal locations that accommodate waste from
land and water are mostly affected by debris. The study was conducted in Bone Bay, Sinjai Regency’s coastline
area. The bay’s condition is sheltered to decrease the current strength, but it varies from season to season.
Furthermore, it used shoreline survey methodology, where debris grouping consisted of plastics, metal, rubber,
glass, clothing, and others. The debris data were calculated and analyzed based on the seasons of the west
(January) and east (July). The data were associated with the current pattern model in Bone Bay waters based
on the season. In January and July, 86% of waste was plastic, 3% was metal, 4% was rubber, 2% was clothing,
while 5% and 4% were glass. No other types of waste were identified in January, while 1% was detected in
July. Garbage that enters through rivers, garbage deposited by local residents, and tourism activities at the
four observation areas are all contributing to the presence of waste in Sinjai's coastal area.

Keywords: litter, marine debris, bone bay, west season, east season.



Environmental Research, Engineering and Management

Introduction

Debris is a growing worldwide problem in Indone-
sia’s cities and remote areas. It is a serious hazard
on land and is subsequently carried into the ocean by
river flows, affecting the survival of various marine
habitats. The accumulated debris in the world has
increased, especially in the last few decades. Every
year, we produce 1.3 billion tons of garbage, enough
to cover the entire globe. It is predicted to reach 2.2
billion by 2025 at the current rate of urbanization and
population growth (David et al., 2019). Indonesia is the
second plastic debris-producing country in the world
after China (Jambeck et al., 2015; Purba et al., 2020;
Vriend et al., 2021).

Marine debris (MD) consists of solid, long-lasting ma-
terials generated or processed and allowed to enter
the marine environment, either purposefully or in-
advertently. Debris occurs in various shapes and siz-
es, ranging from microscopic microplastics to huge
ships. MD is a significant and expanding worldwide
concern, presenting a danger to marine life preserva-
tion. It negatively influences the marine environment
and human health. Subsequently, MD has negative
consequences for species, habitats, environmental
processes, ecosystem services, and human activi-
ties, including tourism, fishing, navigation, and aquat-
ic productivity (Djaguna et al,, 2019; Hardesty et al,,
2017; UNEP, 2016).

Debris is generated as a result of human activity on
land, and the variation of MD depends on its proximity
to the city center with the nature of its activities. Ac-
cording to available data, plastic is the most prevalent
kind of waste detected, particularly in the ocean (Jang
et al,, 2018; Pieper et al., 2019). Due to the material’s
durability, it may accumulate in large amounts over
time and pose new problems for ocean health (Maxi-
menko et al., 2019). Therefore, understanding MD de-
rived from plastic and other materials is critical in de-
veloping strategies to stop the flow (Chen et al., 2019).

The distribution of MD differs in each location and is
influenced by various factors. At least the wind, ocean
currents, and tides are closely related to the accumu-
lation of debris in a place (Purba et al., 2021). Accord-
ing to Uhrin et al. (2020), seasons influence debris
loads on the United States west coast and occur more
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frequently in winter and spring (downwelling). In the
context of Indonesia, with a wet and dry season, the
outcomes will be different. The difference in season
(temporal) and place (spatial) shows different results
of waste accumulation. Every year, the patterns of
ocean currents are influenced by seasonal patterns
strongly tied to wind movements (Jasmin et al,
2019). Therefore, it was important to understand local
oceanographic processes driving seasonal changes.
Furthermore, other environmental and anthropogenic
factors are also related to the amount of waste, such
as the type of beach access and the distance from city
to beach (Uhrin et al., 2020).

Monitoring Indonesian marine debris has given some
results, but they should be linked to current circum-
stances and location characteristics. Information on
the condition and density of MD is needed, especially
for areas that have not been reported. Data from ma-
rine debris monitoring at several locations are needed
for policymaking and improving waste management.
According to Purba et al. (2019), future studies on the
impact of marine debris should be comprehensively
conducted on ecosystem impacts, distribution pat-
terns, invasive species, human health, and economic
losses. Gulf waters with different coastal character-
istics from other places give different results. There-
fore, this study aims to determine the relationship be-
tween the amount and type of debris in the bay area at
different seasons. It provides information about waste
characteristics in the coastal area with a limited pop-
ulation. Furthermore, it adopts a more comprehen-
sive policy and provides important information for
protection targets in coastal areas.

Methods

Marine debris was sampled twice in the west (Janu-
ary) and east season (July). Generally, Indonesia has
four seasons: the west season, the west to east tran-
sition season, the east season, and the east to west
transition season. Sampling was performed dur-
ing the west and east seasons because of the large
changes in wind direction and speed. The same fac-
tors determined the observation station, a popular
tourist destination, close to the river mouth and the
Bone Bay area. Determination of the sampling station
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refers to Opfer et al. (2012), Lippiatt et al. (2013), and
KLHK (2019). The observation area with a length of
100 m was divided into four transects perpendicular
to the coastline. Each transect was 5 meters wide,
where transect 1 was 0-5 meters, transect 2 was 15-
20 meters, transect 3 was 20-25 meters, and transect
4 was 75-80 m. The material debris was classified as
meso and macro debris based on the size or diameter
greater than 2.5 cm (Opfer et al., 2012). The categories
were based on waste material consisting of plastics,
metal, rubber, glass, clothing, and others (Opfer et al.,
2012; Lippiatt et al., 2013; NOAA, 2013; KLHK, 2019).
The debris in the transect at each station is calculat-
ed based on the type of waste. Meanwhile, the waste
types per station were analyzed by calculating the
percentage two times. Fig. | shows the shape of the
transect at each station, while Fig. 2 depicts the lo-
cations of the four observation stations. The obtained
data were correlated with the current pattern model in

Fig. 2. Marine debris sampling locations
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Fig. 1. Marine debris sampling technique for shoreline survey
methodology
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Bone Bay waters based on the season. Subsequent-
ly, the flow pattern model used processed data from
https://marine.copernicus.eu/ using the Ocean Data
View (ODV) Program.
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Results and Discussion

Based on the observations, the percentage of debris at
two different times was obtained, as shown in Fig. 3.

January is considered the west season, while July
is the east season. Therefore, there were differenc-
es in the amount and type of debris in the January
and July observations. However, the debris in the two
months was almost the same because the observa-
tion location is in a relatively protected bay area. The
winds delivering garbage from the sea do not differ
significantly during seasonal changes. The character-
istics of the location are sites in the bay area, close
to the river mouths, tourist attractions, and sea-lev-
el currents among the four stations. Plastic made up
the majority of the debris, accounting for 86% in both
January and July. Glass generated the second-high-
est quantity of waste, accounting for 5% in January
and 4% in July. Several sites, such as the coasts of
Takalar Regency and Makassar City, South Sulawe-
si, indicate a significant volume of plastic debris, with
62%-86% (Tahir et al., 2019). Plastic was also identi-
fied in 86.62% of western and southern Aceh (Fitria et
al., 2019). Renjaan et al. (2020) found this debris on
the coast of Dullah Island, Kei archipelago, to be 46%,
but on Banda Aceh, it was 92% (Ondara and Dhiauddin
2020).
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Fig. 4 shows the average number of debris types col-
lected. Observations were only made on the number
of items and did not weigh the waste mass. Plastic
debris was obtained in a very high amount compared
with other types of debris. For January, the average
amount of plastic waste per m? was 2.5 (2.5 + 2.296),
while for July, it was 4.59 (4.59 + 2.709). The density
of other types of debris was just under 0.26 item/m?2.
Although the amount of plastic debris collected was
relatively high compared with other types, debris in
other locations was also higher than in the study loca-
tion. In other places with similar qualities, such as the
Mangrove Ecosystems of Sungai Rawa Village, Sun-
gai Apit Subdistrict, Siak Regency, Riau Province, a
high density of plastic debris up to 8.786 item/m? was
discovered (Fajriah et al., 2020). In contrast, Mardiatno
and Wiratama (2021) found that the density of non-de-
gradable waste in the Parangtritis coastal area, Yogy-
akarta, was 341-883 items/m?. In Manado Bay, North
Sulawesi Province, in the dry and rainy season, the
density was 6.25 items/m? and 9.18 items/m?, but it
was 1.64 items/m? and 1.95 items/m? for glass and
ceramics (Lasut et al., 2021).

Metal, rubber, glass, textiles, and other garbage come
in nearly equal numbers. There was no metal at the

Fig. 3. The average amount of marine debris on the observation shoreline was compared
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Fig. 4. Comparison of the average amount of marine debris (item/m?3 in January and July
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first and third stations in January or July, and at sta-
tion 3, the types of cloth debris and others were not
discovered. Meanwhile, other types of waste were
only obtained at the first and third stations in July and
were not obtained in January. Plastic and rubber were
also dominant in other locations (Djaguna et al., 2019;
Isyrini et al., 2019; Rahmayanti et al., 2020). Observa-
tional data for the territory have been more focused
on Java Island and big cities. Another study found that
plastic garbage is prevalent in the islands of Suma-
tra, Bali, and Sulawesi, as well as the city of Makassar
(Vriend et al., 2021). Therefore, accurate information
about the condition of debris in the coastal waters of
Bone Bay was also important.

Marine debris in the coastal region is caused by strong
waves carried by currents and waste input from the
mainland. The role of rivers in transporting debris
from land to sea is inextricably linked to the accumu-
lation of garbage. The quantity of rivers that run into
the sea, especially close to the observation area, adds
to trash, particularly plastic waste. Furthermore, 51 of
the 1000 most contaminated rivers were on the Indo-
nesian island of Java, which contributes 14.2% plastic
to the seas each year (Lebreton et al.,, 2017; Meijer
et al,, 2021). Plastic debris was found not only in In-
donesian waters but also in other parts of the world,

including South Eleuthera (Ambrose et al., 2019), east
China (Chen et al., 2019), Ecuador (Gaibor et al., 2020),
Sri Lanka (Jang et al., 2018), Northern Gulf of Mexico
(Wessel et al., 2019) East Coast of India (Arun Kumar
et al,, 2019), Moroccan Mediterranean Sea (Loulad et
al,, 2019), and Penang Island in Malaysia (Yin et al,,
2020). Plastic debris is the biggest problem in Indone-
sia and throughout the world.

The accumulation and increase in the debris are de-
tected with continuous observations and inventories.
This observation and inventory data are useful for
formulating good management. Plastic trash severe-
ly influences land and marine ecosystems, putting
humans at risk, and the existence for a long time in
an ecosystem affects organisms’ lives. According to
Vriend et al. (2021), plastic waste in the marine en-
vironment negatively influences the tourist industry,
pollutes seafood with microplastics, and has a long-
term effect on human health and safety. Plastic con-
sumption by aquatic organisms causes their death
and entangle their body parts for a long time. Further-
more, high waste accumulation has caused damage
and increased the risk of flooding, especially in urban
areas (Hantoro et al,, 2019; Honingh et al., 2020; Van
Emmerik et al., 2019; Vriend et al,,

The seasonal variance in waste accumulation is
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because debris is transferred from land to sea through
rivers, especially plastic, spreads very quickly via sur-
face currents. Purba et al. (2021) state that monsoon
winds have been proved to have a significant effect on
the distribution of marine debris. This is because cur-
rents easily move plastic debris on the sea surface but
may be stranded in the shoreline area. Due to Indo-
nesia’s archipelagic status, marine debris should be
transported slowly to filter the MD flow. The results
also show that the Indonesian Sea has been a dump-
ing ground for waste from Indonesia and other coun-
tries surrounded by the Pacific and Indian Oceans.
MD fluctuations have also been caused by debris tra-
jectories on the sea surface, influenced by wind and
currents. However, the direction of ocean currents has
not always been exactly parallel to the direction of the
wind, and vice versa (Rachmayani et al., 2018).

Different wind patterns in each season affect the
direction and speed of currents, which impacts the
movement and accumulation of debris. There are
four seasons in Indonesia, namely the west season,
west to east transition, east season, and east to west
transition. January represents the west season, and
July represents the east season (Siregar et al., 2017).
In the east season (Fig. 5, bottom), the current di-
rection is towards the mainland. Therefore, the cur-
rent carries debris collected from the land resulting
in a bigger buildup of waste in July than in January.
Meanwhile, the current pattern is visible parallel to
the mainland in January (Fig. 5, top), indicating that
debris moves towards the bay's mouth. In the east
season, winds and currents move from the southeast
to the waters of Bone Bay. In this season, the current
velocity tends to be higher than in the west season
since the mainland of Sulawesi Island blocks the
wind. As a result, the wind speed and wind currents
were relatively low.

Shoreline debris fluctuations are related to seasonal
changes. According to Brennan et al. (2018), MD that
migrates inland has been deposited in coastal vege-
tation, and this, together with inputs from land, has
resulted in the buildup of significant volumes of de-
bris. Accumulation of debris has been influenced by
various factors such as wind, currents, and popula-
tion areas (Wessel et al., 2019). Meanwhile, according
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to Isyrini et al. (2019), coastal morphology and wave
direction patterns have a significant role and contrib-
ute to the increasing volume of marine debris. Obser-
vation of garbage, particularly along the seashore, is
critical since various variables are unknown. The dis-
parities in the location’s features, population density,
and the degree of consciousness of the people living
along the shore necessitate continual monitoring.

Effective waste observation methods for complex
marine areas should be continuously developed with
sophisticated and accurate methods to get better re-
sults. Information related to spatiotemporal debris in
several observation areas also needs improvement.

Fig. 5. The sea current patterns in January (top) and July (bottorn)
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This spatiotemporal data formulate appropriate pol-
icies in handling marine debris in Indonesia. Fur-
thermore, reliable data on plastic pollution eliminate
plastics to overcome global MD problems and mit-
igate disasters caused by the debris. Observations
focused on environmental systems in diverse MDs
by specific timescales and environments increasingly
lead to more prudent and sustainable management.

Conclusions

MD was detected in the coastline region of Sinjai
Regency between January and July in the following
percentages: plastic 86%, metal 3%, rubber 4%, glass
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