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Abstract: Plastic waste is often being an issue that needs to be overcome since mostly plastic waste ends up in the
environment. Some studies stated that plastic waste found in the marine environment are mostly sourced from the
land which transported along the river systems. It is nearly impossible for nature to completely breakdown plastic
waste, regarding its durability and resistance to degradation. Small fragment resulted from the slowly breakdown
of plastic waste is an emerging contaminant in water environment called as microplastic. This study is conducted
as a short review of microplastics existence on the surface water in Indonesia, particularly on the Citarum River as
the most polluted river in the world. Besides, only few papers regarding microplastic occurrence on the surface
water in Indonesia that have been published, which mostly focuses on Citarum River. It is known that microplastic
tend to persist in water and has possible risks to the living organisms. Hence, managing microplastic pollution is
needed which can be in the form of management strategy and treatment technologies used to remove microplastics
from water.
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1. Introduction

Nowadays, plastic waste is often being an issue that needs to be overcome. Plastic material contained almost in
every product, which human use them daily without further concern about the waste that have been generated. From all
plastic waste ever generated, only 9% the waste that has been recycled, 12% the waste that has been incinerated,
whereas the rest 79% has piled-up in the final disposal sites or ended-up in the environment [1]. Plastic waste is more
possible to generate at product manufacturing sites and densely populated area such as urban centers, where the area in
coastal or near rivers [2]. These sources more probable leading to the phenomenon of ocean pollution. Whether in river,
ocean, or on land, it is known that plastic waste tends to persist in these environments for ages [1]. It is almost
impossible for environment to entirely breakdown plastic waste, due to the resistance properties of this material.

Most of plastics do not biodegrade, but instead photodegrade, meaning it slowly break down into small fragment
called as microplastic [3]. Microplastic known as an emerging contaminant in water environment. Due to its small size,
microplastic tend to drift in water, which can eventually end up in marine organisms [4]. However, about 80% of
plastic waste found in the marine environment are sourced from the land [5], which transported via river. Rivers as
transport pathways of plastic debris, with its dynamic system can either retain or transport microplastic [6]. Studies
about the occurrence of microplastics in river or surface water such as in urban areas [7], [8] have been conducted
recently, and reported that the major type of collected microplastics was fiber. Similar study also has been conducted in
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surface water and wastewater of urban rivers [9], reported that microplastics collected was predominance in the form of
fibers across different systems of urban water. Fibers and fragments known as secondary microplastic coming from
sewage effluent or surface runoff [10]. It can be said that surface water or river in urban areas has a greater
microplastics contribution from secondary sources, rather than fragmentation and degradation of plastic litter.

Indonesia, a country with a long coastal line, known as the second top in the world that contribute the greatest
amount of plastic waste in the marine environment [11]. To overcome this complex issue, Indonesia has established the
National Action Plan (NAP) which committed to reduce plastic waste nationally in the amount of 70% by 2025 [12]. It
is known that plastic is easily distributed, and its distribution can be started from upstream, middle stream, to the
downstream of river. The fluvial system in the region of Indonesia is directed to coastal area, which the flows through
residential, industrial, and agricultural areas. High population in urban areas and a densely populated in the riverbank,
along with inadequate management of plastic waste in Indonesia, it is possible that microplastics occur in the surface
water or river as receiving water body. The contaminant could be ingested by living organisms, such as invertebrates
and fish, that might directly expose them to other pollutants [13], [14]. Microplastic could pose chronic toxicity effects
on the living organisms, which make this contaminant as an important issue for its long-term exposure [15].

The goal of this study is to provide a short review about the existence of microplastics on the surface water in
Indonesia. The surface water that will be reviewed based on most relevant studies that have been conducted, which also
supported with other literatures. Managing microplastic pollution is needed which can be in the form of management
strategy and treatment technologies used to remove microplastics from water.

2. Sources and Transport of Microplastic into Water

2.1 Overview of Plastic

Plastic material consists of long polymer chains, which are made by a reaction between small organic molecules or
monomers. Generally, plastic is divided into two categories, which are thermoplastics and thermoset plastic. Plastic
produced globally is dominated by six types: polypropylene (PP), polyethylene (PE), polystyrene (PS), polyvinyl
chloride (PVC), polyethylene terephthalate (PET), and polyurethane (PUR) [16]. The five types (PP, PE, PS, PVC, and
PET) are classified as thermoplastics which known as plastic that can be recycled, while PUR is classified as thermoset
plastics. It is explained that PP usually used in sweet and snack wrappers, food packaging, automotive parts; PE used in
plastic bags, toys, shampoo bottles; PS used in plastic cups, food containers (Styrofoam), eyeglasses frames; PVC used
in pipes, cable insulation, window frames; PET used for bottles of water, other beverages, and cleaners; while PUR
used in building insulating foams, pillows, mattresses [17].

The amount of global plastic production in 2015 was calculated approximately at 381 million tons, while the
plastic production including additives (i.e., colorants, plasticizers, stabilizers filers, reinforcements) was 407 million
tons [18]. The predictions of global plastic production are stated it will be in double amount by 2025, while by 2050 it
will be more than triple, considering the current consumption, population growth, and waste disposal habits [19]. The
non-fiber (PE, PP, PVC, PET, PUR, and PS) and fiber (polyester and acrylic) plastic production account for 92% of
total plastics ever made [18]. Regarding its size, plastic can be divided into five categories: nano-plastic (<1 um) [16],
micro-plastic (5 mm — 1 um), meso-plastic (20 — 5 mm), macro-plastic (>20 mm), and mega-plastic (>100 mm) [20]. It
is stated that intentional microplastic production represents less than 0.1% of total plastic production [17].

2.2 Mismanaged Plastic Waste

The mass production of plastic products has increased globally since 1950s, and the litter has accumulated in
environments, from terrestrial, shorelines, ocean, to the deep sea. Many studies have been conducted and found that
plastic waste accumulated in environments, even in most remote islands. Most plastics material that manufactured, such
as PP and PE, have a relatively short lifetime during the use which rapidly piled-up in the waste disposal sites, while
plastic materials applied in the building construction, such as PVC, have much longer lifetime [16]. In the last four
decades, it is stated that the accumulation of macro-plastics and microplastics has increased consistently on shores and
in sediments [20]. Their properties (e.g., inexpensive, lightweight, durable) have made the service life of plastic mostly
in single use and then to be thrown away. This condition leading to the mismanagement of global plastic waste.

Mismanaged plastic waste is plastic that is littered or inadequately dumped, which is not supported by a proper
management [11]. It is explained that mismanaged plastic waste could end up in the ocean, which transported by the
fluvial or river systems. The study tried to estimate the plastics waste inputs from land into ocean, related to the data on
population density, economic status, and solid waste generation [11]. From the study, plastic waste generation in 2010
was estimated to be 275 million metric tons by the coastal countries which account for 93% of global population, while
plastic waste that enter the ocean was in the range of 4.8 to 12.7 million metric tons. Countries which contribute to the
largest mass of plastic waste is greatly determined by condition of solid waste management and total population in the
country’s area. Here, Indonesia is stated as the second top in the world that contribute the largest mass of plastic waste
found in the marine environment. The amount of plastic waste that carried by fluvial or river systems also depend on
the characteristic of local watersheds.
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2.3 Type and Source of Microplastic

In defining microplastic, mostly literatures focus on its composition and size. The composition of microplastic is
not standardized [17], while the size of microplastic is described in the range of 5 mm — 1 um. The determination size
of microplastic is considering that it could be easily ingested by living organisms, such as biota, which might pose them
to more threats [16]. Besides, it is to simplify the sampling and analyzing method used for this contaminant to be
studied [17].

Generally, there are two categories of microplastic, which are primary microplastic and secondary microplastic.
Primary microplastic known as plastic that is manufactured in micro-sized product, while secondary microplastic is
resulted by larger plastic item when in breakdown state [16]. The category is useful as distinction to specify possible
sources and arrange mitigation steps in reducing microplastics pollution. Microbeads in cosmetics or personal care
products, generally as exfoliants, the plastic pellets used in product manufacturing [2], and “scrubbers” to blast clean
surfaces in industry [16], all of them categorized as primary microplastic. Whereas the breakdown state of larger plastic
item resulting secondary microplastic, through fragmentation or weathering process from products such as bottles,
clothes or textiles, bags, paint, and tires [16], [17], either during the use of products or once they release into the
environment.

Secondary microplastics are found in a far more abundant in the oceans [20] rather than primary microplastics.
This type of microplastic includes textile fiber fragments released during laundering of clothing, and fragments of
mulch films resulted from agricultural field. It is rational to state that mostly secondary microplastics generated on land
could eventually washed away to the ocean [2]. However, the weathering process of plastic waste accumulated in the
coastal area [5] is possibly as the predominant source of secondary microplastics [21].

2.4 Ways of Microplastic enter the Water Environment (Surface Water)

Possible sources and transport of microplastic into surface water as water environment included runoff from land-
based sources; wastewater effluent; industrial effluent; and fragmentation and degradation of macro-plastic. The ways
of microplastic enter the environment, including transport and distribution, will be depending on its inherent properties
such as density, size, and shape [17]. It is stated that common plastic consumed has a density in the range of 0.85 to
1.41 g/cm® [14]. Given the density of freshwater, 1 g/cm?, it is possible that microplastic will sink or will float in the
water. This contaminant has been entered into freshwater environment, particularly the surface waters [17] as water
body. There is a general tendency to observe the microplastics occurrence in the surface water, which would be at
higher concentrations in near densely populated urban areas [7]-[9]. A recent study has estimated the loads of plastic
litter in the different environmental compartments [22]. It is stated that surface waters are the key vectors for
transporting microplastic, regarding this environment are generally closer to the sources of plastic rather than marine.
About 70-80% of plastic debris found in marine are transported to the sea via rivers as the conduits, with predominant
sources from mishandled plastic debris, agricultural land, and effluent of wastewater treatment plant [23].

A study suggested that the significant input of land-based sources is from road surfaces runoff [24]. Another
important land-based sources of microplastic is textiles activities, through washing and wear-and-tear [25], [26].
Agricultural runoff also recognized to be a potential source, regarding the application of sewage sludge (as fertilizer)
and agricultural mulch in the land [23]. The runoff could transport microplastic to the lakes, rivers, and eventually
reach the ocean [13]. Other than that, fragmentation, and degradation of macro-plastic litter in urban areas can generate
the abundance of microplastics, when the litter enter surface water. Plastic product dumping activities, surfaces runoff,
and urban or municipal wastewater are the significant proportions of plastic debris found in the surface water [27]. It is
known that once macro-plastic debris enter the surface water, chemical changes may occur due to UV radiation along
with high temperatures, which making the plastic more sensitive to be degraded and fragmentated [17].

Wastewater effluent has been identified as one of the main sources of microplastic pollution in the surface water
[24]. A study has conducted the measurement of microplastics at upstream and downstream area of the effluent with
different catchments, stated that all the results show an increase amount of microplastics [28]. Microplastic in type of
fibers have been identified in the effluent from sewage treatment plants [29], which possibly released through washing
clothes activities. Wastewater discharge from industrial is also recognized to be the source of microplastic pollution,
which a study has been identified pre-production pellets at a river in Los Angeles basin, Great Lakes, and Danube River
[14]. The pellets could be ingested by aquatic organisms and may directly pose them to other pollutants.

3. Microplastics Occurrence in Indonesia’s Surface Water

3.1 Mismanaged Plastic Waste in Indonesia

As described earlier, Indonesia has status as the second top in the world that contribute the largest amount of
marine plastic waste. This is based on a conducted study in 2010, which estimated the mass of plastic waste generated
from terrestrial or land to the sea [11]. Among 192 coastal countries, 20 countries are identified as the largest mass
contribution of mismanaged plastic waste in the marine environment. The mismanaged plastic waste in each coastal
country is estimated by population size within radius of 50 km from the coastal area. Other main consideration is the
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condition of solid waste management in the considered country. The waste generation rate in Indonesia is estimated
about 0.52 kg/person-per-day (plastic waste accounts for 11%), with 83% of that total is mismanaged. With a coastal
population of 187.2 million, the study calculated that 3.22 million metric tons/year of mismanaged plastic waste is
generated, and this resulting plastic marine debris in the range of 0.48-1.29 million metric tons/year for Indonesia.

Mismanaged plastic waste, which leading to the marine pollution, have effect on the ecosystems. Scientists have
stated that marine pollution could harmful its biota life, ecosystems, and also humans [30]. Given the mismanaged
plastic waste could eventually reach the ocean via rivers or stormwater drains, hence microplastics (whether from
primary or secondary sources) may occur and also abundant in freshwater system as the water body before the ocean. It
is stated that oceans become the final sink for the global plastic and microplastic waste that are mismanaged, which
received through freshwater systems (primarily surface waters) on the lands [17]. Meanwhile, the amount of plastic
waste that carried by river systems is known depend on the local watershed characteristics [11].

3.2 As A Surface Water and Receiving Water Body: Citarum River

The river systems in Indonesia play important roles for the socio-economic life, especially in Java as the most
populated island. One of the main rivers that supports life on Java, particularly West Java, is the well-known Citarum
River [31]. This river is the longest and largest river in West Java, with the flows along 297 km from the upstream
(Wayang Mountain, Bandung Regency) to the downstream (Muara Gembong, Bekasi Regency), before ending at Java
Sea [32]. Specifically, Citarum River is passing 9 regencies and 3 cities: West Bandung Regency, Bandung Regency,
Subang Regency, Purwakarta Regency, Karawang Regency, Sumedang Regency, Cianjur Regency, Bekasi Regency,
Indramayu Regency, Bandung City, Bekasi City, and Cimahi City. Water resource provided by the Citarum River
generally used as a source of freshwater (also supplies for 80% of Jakarta’s residents), agricultural irrigation, fisheries,
hydropower, and water supply for industries [33].

According to Presidential Decree No. 12/2012 on River Basin Territories, the Citarum river basin consists of 19
watershed areas. Citarum river basin has a total area of 13,000 km2, serves £600 textile factories and twenty-eight
million people [34]. Other industries served by Citarum river basin include food and beverage, metal, and
pharmaceutical industries. However, Citarum River has status as the most polluted river in the world. Industrial textiles
have a great contribute to the toxic pollution of rivers in West Java. The textile industries account for 68% from total
industries that located in the upstream area of Citarum River [31]. Fig. 1 depicted the occurred pollution on the upper
Citarum River, which caused by textile industries with noticeable difference color on the surface water [35].

P S ) — < i e & ol

Fig. 1 - River pollution on the upper Citarum [35]

Other main contributors of surface water pollution on the upper Citarum are domestic (contributes 64%),
agricultural, and livestock activities [32]. The large percentage of domestic is due to daily activities, such as bathing,
laundry, and cooking, for many people that are supported by Citarum River. This river has potential to be polluted by
microplastics, since the occurrence is mostly related to the population density [4] along with their activities. The
declining quality of Citarum River has been an obvious concern, with considering its geographical scale, industrial and
agricultural use, the number of people depend on the river for their daily needs [34], and people’s behavior that still
dispose their waste directly into the river.

3.3 Studies Reported the Existence of Microplastics in Indonesia’s Surface Water

In Indonesia, studies about the presence of microplastics have been conducted mostly in coastal areas and its
sediments. This regarding the status of Indonesia as the second top in the world that contribute the largest amount of
marine plastic waste. Marine plastic debris are mostly derived from lands, which the rivers or surface waters considered
as the main transport pathways for microplastic [13]. However, only few studies in Indonesia that have been conducted
about the existence of microplastics primarily in surface water or river as receiving water body. It has been observed
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that those few studies have been conducted mostly in Citarum River, regarding its status as the most polluted river in
the world. Thus, studies below briefly reported the existence of microplastics in Citarum River.

A study measured microplastic distribution in surface water of one of the tributaries in Citarum River [36]. This
tributary, Ciwalengke River, is located in the area of upper Citarum River. The river located along the densely
populated settlements which also dominated with textile industries. The study collected surface water samples from ten
locations using grab sampling method, 45 cm from the surface. Microplastic separation in water samples was done by
Whatman GF/C glass microfiber filter 1.2 pm, then it was dried in oven at 105°C for 30 minutes. The observation of
filtered material was done by binocular microscope to identify the microplastic particles and categorize them by shape
and size. Microplastic particles reported from surface water samples were in the average concentration of 5850 + 3280
particles/m®. It was found that microplastic distribution was dominated by fiber. Other than that, the particles of
microplastic were found more abundant in the size of 50-100 um. Raman spectroscopy characterization was used to
analyze the microplastic suspected particles, which the result indicated that the types were polyester and nylon
(polyamide). Based on the study, microplastics abundance is more likely to generate from the wear-and tear and
washing activities in textile industries and also the laundry activities by local residents. It is known that the use of
detergent in washing process can generate more fibers released from the cloth.

A study about the abundance and composition of macroplastic and microplastic in the estuary water of Citarum
River, which located at Muara Gembong, has been conducted [37]. Along with its densely populated settlements, the
river is often used as final disposal site by local residents. However, this study stated the result in combining for
macroplastic and microplastic particles as plastic flakes. This study aims to give an early information about plastic
flakes pollution in Citarum River, particularly in the estuary water. Water sampling was carried out by plankton net
(mesh 30 um) in two sampling stations, which each station divided into three substations. For each substation, water
sampling was done in three water depths: surface, 50 cm, and 100 cm. Water sample filtration was done by using
graded filter (mesh 4 mm, 2mm, 1 mm, and 500 um). Particle in size of <5 mm determined as microplastic, while
particle in size of >5 mm determined as macroplastic. Analysis of macroplastic and microplastic was carried out by
binocular microscope supported with Sedgwick Rafter Counter (SRC) and micrometer. The abundance of macroplastic
and microplastic in water samples were found in the range of 874-1332 particles/m®. Fiber was found as the
predominant type of macroplastic and microplastic in the water surface samples. Fiber was suspected more likely to
generate from laundering activities and fishing net used in fisheries. Other than that, the size of macroplastic and
microplastic was found dominant in the range of 100-1000 um. The types of polymer were analyzed by using FT-IR.
Before the analysis, sample was filtered using filter paper Whatman-42, and then the filter paper containing plastic
particles was dried in oven at 40°C for 30 minutes. It was found that types of polymer in microplastic samples were
nylon and polystyrene (PS). Nylon usually used in food packaging, toothbrush, refrigerator, fishing line and net.
Meanwhile, PS usually used in foam packaging, food container, plastic cutlery, and clothing fiber.

Meanwhile, studies reported the presence of microplastics in the downstream area of Citarum River have been
conducted recently [38], [39]. Citarum River’s downstream in this study is located at Muara Gembong, Bekasi
Regency. The studies aimed to identify microplastic concentration in the water of Citarum River’s downstream. Water
samples were taken by a manta trawl (mesh 125 um) in 3 segments of the river, sample that held with a mesh were
dried in oven at 60°C over 24 h, and then used the Fenton Oxidation method (Fe and H»0O2) to remove and clean the
organic material at 75°C. Suspected particles then were placed into the petri dish for microplastics visualization.
Microplastic concentration reported from water samples were in the average of 0.0574 * 0.025 particles/m3. The
visualization was done by a microscope (ImageJ software) in determining the shape and size of microplastic. Fragments
was found as the predominant shape in the water samples. It is known from the study that microplastics abundance is
more likely to generate from daily used plastics which are widely used by the residents. The microplastic particles were
found dominant in the size of 1000-5000 um. This large size of microplastics is due to the use of manta trawl, which is
known to be more effective in grabbing larger size of microplastics rather than other methods. In determining the type
of plastic polymer, a Fourier-transform infrared (FT-IR) spectroscopy was used in the study. It was found that the
predominant types were polyethylene (PE) and polypropylene (PP), which can be speculated that sources of these
polymers are from residential areas and industries.

All reported studies about the existence of microplastics in Citarum River is summarized in Table 1. The
abundance of microplastics in Citarum River were in different amounts due to many factors, such as the sampling time
and locations, sampling method used (include water depths for sampling), low and high tide of the river, runoff
condition, and activities that affect the segments of the river. The activities that affect segments of the river can be
related to the local watershed characteristics. Based on those few reported studies, it can be correlated that industries,
densely populated settlements, and fisheries are the sources which more likely to generate microplastics into Citarum
River. Fiber and fragment were found as the predominant shapes in microplastic samples based on those few reported
studies. These shapes can be resulted from fragmentation or breakdown of larger plastic items, thus microplastic
particles found at Citarum River can be mostly categorized as secondary microplastics.

It can be speculated that fiber was released from laundering activities by the residents, washing process from
textile industries, and fishing net used in the fisheries. Fiber is stated as an important source of microplastics in the
surface water [29]. Meanwhile, particle shape of fragment can be speculated from the breakdown of daily used plastics
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by the residents. A study stated that categories of fibers (particles of fishing line, fishing nets, and from synthetic
textiles) and fragments (from the breakdown of larger plastic items) are actually a morphology-based rather than
source-based [40]. The study also stated that it would be somewhat objective for attributing a source of each particle
due to the limited information. Given the occurrence and abundance of microplastics in Citarum River, the activities
that affect the river should be adequately managed. Furthermore, the occurrence and abundance of microplastics in
Citarum River could help to illustrate the possible risks to the residents and its surrounding area, which can also be a
reference for other similar rivers in Indonesia.

Table 1 - Microplastics existence in Citarum River from different studies

Results Abundant  Predominant Predominant
Location reported particle size particle polymer Study
(particles/m?®) (um) shape type
i iver’ Average:
Citarum River’s upper g 50-100 Fiber Polyester, nylon [36]

tributary: Ciwalengke River 5850 + 3280

Citarum River’s estuary

(Muara Gembong) 874 — 13322 100-10002 Fiber? Nylon, PS? [37]
Cit River's d . Average: [38]

1tarum Ri1ver's downstream ’
(Muara Gembong) 0856724;i 1000-5000 Fragment PE, PP [39]

aStudy stated the result as plastic flakes (macroplastic and microplastic)

Actually, methods used for sampling and analysis of microplastics on environmental samples are various and not
standardized. Three principles in sampling and analysis of microplastics: sampling; sample extraction and isolation;
identification, characterization, and quantification. Methods used for sampling and preparation are determined by the
type of samples that will be taken (e.g., water, sediment). Sampling for water can be carried out by trawl nets (typically
300 pum) across the water surface, or by collecting the samples which then the particles need to be extracted.
Purification of the sample can be done by filtration, followed by density separation as an extraction process. Chemical
or enzymatic methods may be used in removing the organic or inorganic materials. Particles suspected as microplastics
may be visually sorted before microscopic quantification. Three different approaches in determining the size and
composition of plastic particles are spectroscopic, thermo-analytical, and chemical (conventional method).
Spectroscopic (e.g., FTIR, Raman spectroscopy) can be used to identify polymers chemical structure, while thermo-
analytical methods (e.g. pyrolysis-gas chromatography/mass spectrometry or GC/MS) tend to require larger particle
masses and can be used to analyze the specific decomposition products of individual polymer. Software packages can
also be used to support both in tagging and spectroscopic studies of the particles [17].

4. Managing Microplastic Pollution in Water Environment

The accumulation of plastics and microplastics in water environment has been one important issue. Microplastic
known as an emerging contaminant in water environment, which can be resulted from the breakdown of larger plastic
item. Due to its small size, microplastic could be ingested along the food web, thus this contaminant is of a special
concern [13]. This contaminant could cause harmful effects on living organisms and humans through entanglement and
ingestion [15]. Hence, plastic and microplastic pollution in the water environment should be managed and controlled.
Understanding the microplastic categories can be useful to identify its possible sources and arrange the mitigation steps
related to microplastic pollution [17].

Given the status as the second top in the world that contribute the largest mass of marine plastic waste, Indonesia is
committed to reduce plastic waste nationally up to 70% by 2025 as stated in Presidential Regulation No. 83/2018,
through the NAP. NAP consists of five main points, which are i) improving behavioral change; ii) reducing land-based
leakage; iii) reducing sea-based leakage; iv) reducing plastics production and use; and v) enhancing funding
mechanisms, policy reform, and law enforcement [30]. The effectiveness of reuse, recycle, and solid waste
management are the key factors affecting the amount of plastic waste that reach the ocean [16]. Reducing land-based
leakage is known to be the significant step to manage plastic and microplastic pollution in water environment. Marine
plastic debris are mostly derived from land-based sources, including surface waters [13], thus the activities that affect
surface waters should be adequately managed.

Installing and optimizing wastewater treatment for households and industries could be one of the solutions to
reduce microplastics pollution in surface water as receiving water body. Microplastics can be removed by 90% with
secondary, tertiary, or reverse osmosis treatment, relative to its concentration in primary treated effluent [41].
Meanwhile, with tertiary treatment (e.g., rapid sand filtration, membrane bioreactors, air flotation) can remove
microplastics by 95 — 99.9% [42]. Other than that, law enforcement is also an important step to manage plastic and
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microplastic pollution in water environment. As in Citarum River, with its status as the most polluted river in the world,
has been an obvious concern for the government of Indonesia to immediately tackle this problem. Hence, the
Presidential Regulation No. 15/2018 has been released in order to accelerate the pollution and damage control in
Citarum Watershed. It is expected that enhancing law enforcement in the local area can substantially help to reduce
microplastic pollution in the water environment.

5. Conclusion

Surface waters has potential to be polluted by microplastics, regarding this environment are generally closer to the
sources of plastic rather than marine. The occurrence of microplastics is mostly related to the population density along
with their activities. As in Citarum River, one of the main rivers in Indonesia, several studies have been found the
existence of microplastics in this river. Microplastic particles found at Citarum River can be categorized as secondary
microplastics based on the predominant particle shape (fiber, fragment). The activities that affect the river (e.g.,
households, industries) should be adequately managed, such as through reducing land-based leakage. Installing
wastewater treatment and enhancing the law enforcement can help to reduce microplastic pollution in the water
environment. However, understanding microplastic category can be useful to identify its possible sources and arrange
the mitigation steps related to microplastics pollution.
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