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Abstract: This study is the first review of current research on microplastics (MPs) in the
marine environments at the national scale in Indonesia from 2015 to 2022. This review
was conducted to measure the environmental risk and highlight the waste management
issue in Indonesian waters. Our literature study found that: (1) the MPs research was
mainly conducted in the western part of Indonesia, especially in Java Island; (2) current
research has primarily focused on coastal waters (98%) rather than the deep-sea area
(2%); (3) the comparability of data is still hampered by difference in quality, about 67%
of articles published have not carried out the polymer confirmation; (4) MPs
concentrations reported on the articles that did not carry out the polymer identification
tended to report higher MPs concentrations. Finally, we propose to have a standard
guideline for MPs analysis at a national level and to do more research in the eastern part
of Indonesia and deep-sea areas. Further research is required to fill research gaps on

plastic distribution and density in deep-sea areas in the eastern part of Indonesia.
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= INTRODUCTION

Plastics are widely used in packaging, followed by
building and construction, automotive, electrical and
electronics, agricultural household, leisure, and sport [1].
Plastic is preferred over other materials because it has
several advantages: strong, light, cheap, easy to form, can
be made transparent, and can be colored. In addition, it
does not rust after being left in open air and water [2].
Since the first mass production started in the 1950s,
plastic production rose to 368 million tons in 2019 [1].
Plastic fabrication is predicted to continue to grow along
with the development of technological advances in plastic
polymers. Most plastic products are single-use items
designed to be thrown out after one time use. It is reported

that 40% of plastic produced was plastic packaging that
will only be used once [1]. If plastic waste is not
adequately managed, it can end up in the ocean. Millions
of tons of plastic entered the ocean from 192 coastal
nations and are predicted to increase in connection with
the increase in plastic production every year [3-5]. The
ever-increasing amount of plastic waste in the oceans
has attracted researchers worldwide to uncover the
extent to which plastic pollution has entered the waters.
Plastic waste has been detected in coastal areas of all
continents, even in highly isolated areas such as the
Arctic Ocean [6] and the Mariana deepest trough at a
depth of 10908 meters in the Pacific Ocean [7].
Indonesia is the second-largest contributor to plastic
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waste in the world's ocean. Indonesia was estimated to
produce 3.2 million tons of unmanaged plastic waste a
year, of which about 1.29 million tons end up in the sea
[4]. In 2017, the Ministry of Industry of the Republic of
Indonesia estimated that every year, 4.8 million tons of
plastic waste in Indonesia is considered mismanaged in
various ways such as being openly burned (48%), dumped
on land, in poorly managed official dumpsites (13%), or
leaking into rivers, lakes and the ocean (9%) [8]. The latest
report of the World Bank in 2021 showed that the number
has increased to 4.9 million tons [9]. In a meeting of G20
leaders conducted in Germany, the Indonesian government
has a target to decrease waste by reducing solid waste from
its source by 30% and adequately handling 70% of solid
waste by 2025, 70% of marine plastic litter by 2025 in order
to minimize the impacts of plastic pollution. The basic
strategy used to minimize plastic waste was by establishing
a National Plan of Action (NPOA) on Marine Plastic Debris
from 2017 to 2025 [8]. The main objective of this NPOA is
to overcome the impacts of plastic waste pollution in the
sea and reduce plastic waste in the sea by 70% in 2025. Since
2017, referring to this action plan, many activities have been
organized to clean up beaches and rivers in various regions.

In the past decade, scientists have been concerned
about microplastics (MPs) which are plastics under 5 mm
in size that are often invisible to the naked eye [10]. This
increasing concern is highly due to its significant impact
on marine biota [11]. The small sizes of MPs can be
mistaken as food for various marine species. As a result,
MPs have been found in megafauna to planktonic marine
biota [12-17]. MPs have been discovered in seawater,
sediment, and marine biota in Indonesian waters. In
order to explore the topic of MPs' studies in Indonesia,
here, we reviewed publications regarding MPs' from
from 2015 to 2022.
Subsequently, we also identified research gaps about MPs

Indonesian marine waters
pollution in Indonesian waters. The data and information
provide an overview of the degree of plastic pollution
across Indonesia and the requirement for better marine
environmental management and further research.

Data Collection and Review of Content

In this study, we collected the references (papers)
from Indonesia that have been indexed in Scopus. Recent
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Fig 1. Number of papers on microplastics published
between 2015 and 2022 (June) in Indonesia

references published between 2015 (first MPs paper) and
2022 were retrieved using some keywords: “microplastic”,
“plastic”, “debris”, “litter”, and “Indonesia”. The
references are reviewed critically, and the data collected
from the references are entered into MS Excel for data
analysis. The papers include 66 published articles (35
journal articles and 31 conference papers) (Fig. 1). The
MPs assessment is focused on three major matrices:
seawater, marine sediment, and marine biota. This
article provides information on MP concentration from
Indonesian marine waters, the sampling and extraction
methods, the shape of MPs, and the plastic polymers
identification. We also highlighted research gaps and
management challenges regarding MP pollution in
Indonesian waters.

m RESULTS AND DISCUSSION
Determination of MPs in Indonesia

Sampling procedures

The instrument and methods used for collecting
MPs for seawater, marine sediment, and marine biota in
Indonesia have not been standardized. From the
literature published in Indonesia, it was discovered that
manta and plankton nets were commonly used to collect
water samples in coastal waters with mesh sizes of 200 or
300 pm (Table 1). A new development has been
conducted through simultaneous grading size samples
in sea surface sampling. The water samples were directly
divided into sizes 0.5x 0.5 cm; 500-1000 um; 300-
500 pm; 100-300 pm [18]. In Indonesia, the volume of a
water sample taken by plankton nets varied from 0.1 to
10 L. Relatively, no data was found regarding the volume
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of a water sample taken by a manta net. For the deep-sea
waters, the water sample was collected using a rosette
water sampler from certain layers with 10 L per layer [19].
Meanwhile, pipe, Ekman grab, and shovel was commonly
used to collect the marine sediment samples, which varied
from 100 to 1000 g (Table 2). Some studies used a transect
(0.5x0.5m; 1 x 1 m) to grab the sediment samples [20-
23]. Marine biota was generally collected from the
markets and in which the entire gastrointestinal tract was
taken for MPs analysis. However, for the small biota (e.g.,
anchovies, blue panchax fish), the entire body of the biota
was used [24-28]. The number of samples varied from 2
to 60 individuals. It is suggested that 50 or more
individuals per research unit are defined as a suitable
sample size for the number of biota samples [29].
Unfortunately, most studies in Indonesia have not
exceeded this number of samples. Out of 39 studies, only
three (7%) completed this threshold [24,30-31].

Laboratory methodologies for MP extraction

The methods and techniques to isolate MPs from
other non-plastic materials such as biological tissues,
organic matter, and other non-plastic materials were
varied. There are four common types of digestion
solutions used to extract and purify the MP from samples,
namely acids (nitric acid (HNOs), hydrochloric acid
(HCI), per-chloric acid (HClO,), etc.), bases (sodium
hydroxide (NaOH), potassium hydroxide (KOH)),
Oxidant (hydrogen peroxide (H,0,)), and enzymes
(trypsin, proteinase K, etc.) [12-13,32-34]. However, H,O,
30% and KOH 10% were mainly used to remove non-
plastic materials in most sample matrices (water,
sediment, and biota) to digest biological tissues, organic
matter, and other non-plastic materials without damaging
the MPs. HNO;, HCI, and NaOH were reported to alter
plastic's physical state or cause the loss of some plastic-
type features [32-33]. The other reagent that can be
considered in the extraction process of MP is the enzyme
solution. An enzyme (trypsin, proteinase-K) has the
advantage of ensuring MPs integrity, short digestion time,
and is less harmful to human and environmental health
[32-33]. However, this method is rarely used because of
the higher price compared to the chemical reagents. In
Indonesia, MPs in the seawater and marine sediment
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samples were isolated mainly using the sodium chloride
(NaCl) solution using the flotation separation method
(density). However, few studies used H,O, 30% to purify
the MPs in seawater and marine sediment, especially
when the size of the MP of interest was less than 1 mm
[19-20,24]. For larger MPs (1-5 mm) in beach sand and
coastal sediment, the MPs were directly separated using
a 1-mm?’ stainless steel sieve, followed by visual sorting
[21].

Physical and chemical characterizations

In general, the MPs were physically categorized
based on shape, size, color, and type of polymers under
the observation of a stereomicroscope. To date, most MP
research in Indonesia used visual identification based on
size (<200 um, 200-500 pm, 500-1000 um, 1000-
5000 um) and shape (fragment, fiber, foam, film, and
granule). Regarding the color of MPs, most studies of
MPs in Indonesia did not include the analysis of the
color of plastics. The polymer type of the plastics can be
further identified either by Fourier transform infrared
(FTIR),
chromatography with mass spectrometry (TDS-GC/MS),

spectroscopy thermal desorption gas
pyrolysis gas chromatography with mass spectrometry
(Pyr-GC/MS), or Raman spectroscopy. Plastic polymer
identification is a crucial protocol to examine the
chemical characteristic of MP particles obtained from
the visual calculation results (physical analysis) since it
will highly be susceptible to misidentifying non-polymer
fiber as a plastic material. This type of material is difficult
to distinguish through microscopy alone. Additionally,
the airborne contamination of fiber types is likely to
happen in MP research if a proper cross-contamination
protocol is not followed [35]. Previously, research on
MPs in sediment samples from the North Sea measured
using micro-FTIR showed that only 1.4% of particles
visually resembling MPs came from synthetic polymers
[36]. The literature data showed that most studies on
MPs in Indonesia (over 60%) do not provide polymer
analysis. This may be caused by the limited resources of
analytical instrumentation that are not easily/readily
available in Indonesia. We highlighted a tendency for
the reported MPs value to be higher in articles that did
not pass the plastic polymer conformation. Due to these
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cases, in regards to comparing studies in Indonesia with
studies in other countries, we only included the articles
that had performed the polymer identification test.

Size and unity

The commonly used units for the study of MPs in
Indonesia were n/L (number per liter) for seawater, n/g
(number per gram) for marine sediment, and n/ind
(number per individual) for marine biota. Some studies
that used transect to collect samples in the marine
sediment expressed the MPs found with the unit item per
m? or item per m® [21]. In Indonesia, the size of MPs was
varied; however, most of the studies did not inform the
specific size of MPs, but instead gave general size
information of <5 mm. Nonetheless, some studies
classified the MPs in size ranges: < 0.1 mm; 0.3 to 0.5 mm;

0.5 to 1 mm; > 1 mm; and 1 to 5 mm [24,37-38].

Quality control

MP studies are very susceptible to contamination,
such as airborne contamination, research equipment, and
research materials. The airborne contaminant has been
confirmed as fiber, which can indirectly contaminate the
sample [35]. Some controls are highly recommended to
minimize the contamination during analytical procedures
in the laboratory. First, airborne contamination in the
laboratory can be minimized by separating the sample
processing process from other laboratory activities.
Secondly, the air intake from the outside of the analysis
room can be reduced by closing air vents to prevent
contamination from outside. Thirdly, the destruction
process should be carried out in a fume hood or laminar
flow chamber to minimize airborne contamination
sources [39]. Lastly, samples should always be kept closed
to minimize exposure to air. Research equipment is also a
significant source of contamination in MP research.
Therefore, it is suggested to use metal and glass research
apparatus rather than plastic research equipment. Another
recommendation was to heat all the research apparatus at
450 °C for 5 h to remove all plastic before using it in MP
analysis [40]. Washing research equipment repeatedly
with distilled water has effectively removed plastic fibers
up to 88 to 98%. However, an experimental study stated no
significant difference between repeated rinsing of the

research apparatus with heating at high temperatures [41].
In Indonesia, only a few studies provided information
about quality control during the sampling and analysis
in the laboratory, e.g., leaving a bare Petri dish or a
sterilized filter paper near the sample during the
digestion process until the identification is completed
[24,37]. They also used either liquid water purified by a
reverse-osmosis technique or double-distilled deionized
water 3-5 times in their washing procedure, including
during the sample clean-up and glassware/sample bottle
washing. They found no MP contamination on the blank
sample by applying these controls.

The Occurrence of MPs in the Marine

Environment in Indonesia

MPs in seawater

A total of 26 data on MPs in seawater have been
reported from 2017 to 2022. Among these, about 96% of
the data reported was conducted in coastal areas,
including estuaries, seagrass habitats, mangrove areas,
and coral reef areas. However, we also identified that
48% of the articles did not identify the plastic polymer.
The MP abundance in seawater of coastal areas in
Indonesia ranged from 0.00004 to 110737 n/L (for the
studies without polymer identification) and 0.000023 to
11100 n/L (for studies with polymer identification)
(Table 1). The highest concentration of 11100 n/L was
found in a small-scale estuary in Central Java [42]. The
river receives a large amount of domestic waste without
any treatment process. The type of polymer found was
polyethylene where this plastic material is widely used in
household goods which are easily degraded. We also
observed that the value of MP tends to be higher in
estuary areas and mangrove ecosystems. This might be
due to the ability of mangrove branches and roots to act
as trash traps in the water. Trapped trash tends to gest
stuck in the mangrove area [43]. Meanwhile, the lowest
MP concentration was found in the seagrass ecosystem
area of the Sulawesi Island [44].

The MP concentration in the coastal areas of
Indonesia varied widely. The MPs content with a polymer
conformation in Sulawesi Island was 0.000023 up to 55
n/L, followed by 0.00046 + 0.00025 n/L in Sumatra Island;
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0.00054 in Bali Island and 0.00848 + 0.00943 to 11100 n/L
in Java Island (Table 1). The highest MPs content was
found in a small-scale estuary in Central Java Island. It is
remarkable that this value has far exceeded the MPs
content in the estuary of Yellow River, China (930 n/L)
[45], Changjiang Estuary, China (0.045 to 0.122 n/L) [46],
Yangtse Estuary, China (4.13 n/L) [47], Goiana Estuary,
Brazil 0.00026 n/L [48], Urban Estuary in South Africa
(0.001 to 0.007 n/L) [49]and Tamar Estuary, England
(0.00028 n/L) [50].

The first available data of MPs on the Indonesian
deep-sea area was reported from the water column of
Sumba waters (300 m) 0.044 + 0.024.59 n/L [19]. These
concentrations were far lower than in coastal areas. The
MPs concentration reported in Indonesia is relatively
lower than the average concentration of MPs in the world’s
open sea, which is 0.07 to 13.51 n/L [7,51]. The MPs
concentration in Sumba Waters decreased in line with the
depth and has relatively high concentrations in the
thermocline area. Otherwise, the concentration of MPs in
the Mariana Trench is linear with their depth levels [7].

MPs in coastal sediments

Studies regarding the concentrations of MPs in
sediments have been carried out in Indonesian waters since
2017 (Table 2). Unfortunately, about 70% of the studies
conducted did not carry polymer tests on the plastics found.
The MPs abundance in marine sediment of coastal areas
in Indonesia ranged from 2.96 to 111680 n/Kg dry weight
(DW) (for studies without polymer identification) and 0
t0 49000 n/Kg DW (for studies with polymer identification)
(Table 2). The highest MPs concentration (49000 n/Kg)
was found in Central Java [42]. This unrealistic value is
found in a small-scale estuary used as a dumping area by
the local community. Notably, this concentration is
higher than in other regions around the world. For
instance, the MPs found in Changjiang Estuary, China,
was reported in the range of 20 to 340 n/Kg [52], Haihe
Estuary, China (96.7 to 333.3 n/Kg) [53], Yondingxinhe
Estuary, China (56.7 to 113.3 n/Kg) [53] and in coastal
mangrove, Singapore (12 to 62.7 n/Kg) [54]. However,
these findings were not consistent across Indonesia. Some
studies also reported that MPs concentration in some
estuaries in Indonesia was lower than in other regions.
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For instance, a lower concentration of MPs was found in
mangrove sediment from Jakarta Bay in the range of
28.09 + 10.28 n/Kg [37].

MPs in marine biota

Entanglement and plastic consumed by marine
biota when consuming food have been frequently
reported as the effects of large-sized plastics on wildlife
and other aquatic biotas. Wildlife entangled in plastic
may become immobile, bound, and eventually die.
Animals that consume plastic may experience intestinal
obstructions or even suffocate [2]. However, reports of
microplastics in biota are far more widespread. Marine
biota is more likely to consume smaller microplastics
than larger macroplastics. Microplastics have been
discovered in marine organisms of all sizes, from
zooplankton to whales [12-17]. However, based on
experiments in the laboratory, the presence of
microplastics in the marine biota did not directly cause
any deaths. Studies that documented mortality from
exposure to microplastics found that the death of marine
biota were typically caused by unreasonable intake of
that also expected
concentration of microplastics in the environment [55-

microplastics exceeds the
56]. Plastic can pass through the digestive tract but
cannot be digested like food. This situation can change
growth and
biota
immunological systems [57-59]. It is recognized that

eating patterns, impede physical

physiological ~ processes, and  damage
exposure to microplastics in the biota can facilitate the
entrance of hazardous chemicals into the biota [60].
MPs studies in Indonesia on biota have been
conducted on various species such as fish (demersal and
pelagic) and benthic biota (sea cucumber, shellfish, sea
urchins) (Table 3 and Table 4). Thirty-eight papers
report the presence of MPs and anthropogenic waste in
marine biota. Of the 38 articles, only eight articles
reported the polymer composition in their studies.
Plastics are generally identified in the digestive tract. The
MPs abundance in fish ranged from 0 to 246 and 0 to
688 n/ind (for studies with polymer identification)
(Table 3). The highest MPs concentration was found in
the anchovy species Stolephorus spp., which is caught in
the waters around Sulawesi (688 n/ind) [61]. Based on

Corry Yanti Manullang et al.



256

FTIR results, it was suspected that the type of MPs found
was polystyrene, polyamide. Generally, the higher MPs
concentration was recorded in the pelagic fish (Table 3).
MPs studies on benthic biota have been reported on
shellfish, sea cucumbers, and sea urchins. However, only
three studies provided data with polymer identification.
The MPs abundance in benthic organisms ranged from
0.5to 2175 and 0.29 to 3.2 n/ind (for studies with polymer
identification) (Table 4).

The MP content found in marine biota from
Indonesia was significantly varied. The lower MP
concentration in demersal fish were recorded from
Sulawesi Island (0.17 to 0.8 n/ind) [44] and Jakarta Bay
(1.97 n/ind) [24]. Both of these values were below MP
content in fish estuarine from England (0.69 n/ind) [62]
and China (2.5 n/ind) [63]. The low range of MPs on
benthic biota was recorded in Sulawesi Island (0.29 to
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0.5n/ind) [64]. This range was lower than France
(2.1 n/ind) [65], and Canada (6.1 to 15.4 n/ind) [66].
Nevertheless, few studies reported a much higher
concentration in fish, for instance, 366 + 3.51 n/ind in a
small pelagic fish, Stolephorus spp. [26].

Research Gaps on MPs Research in Indonesia

We highlight the limited resources (expensive
chemical reagents and analytical instrumentation that
are not easily/readily available in Indonesia) that caused
most studies on MPs in Indonesia (64%) not to provide
polymer analysis. It is found that MPs concentration in
most studies without polymer identification can be
overestimated. Consequently, the MPs' concentration in
Indonesian waters is widely varied. Furthermore, these
studies did not provide the blank procedure during the
sampling and laboratory analysis, so it is challenging to do

Table 1. The concentration of MPs in seawater of Indonesia

Location SamI?ling Volume MPs extraction Concentration Sh'ape Chemical Quality Ref
devices sample (L) (n/L) dominancy form control
Bali Manta net *NI H.0:30% 0.00054 to 0.0007 Fragment PP, PE, PS Yes (67]
Bali Plankton net 35800 Gravimetrically 0.00004 to 0.00090 Film NA NA [68]
ENT Rosette sampler 10 H>0:30% 0.044 + 0.024 Fiber NA NA [19]
ENT Plankton net 1 H20:30% 2to 28 Fiber NA NA [69]
Java Pipette 0.2 NaCl 156 + 13.46 Fiber NA NA [70]
Java Plankton net 20 NaCl 13.15 Fiber NA NA [71]
Java Plankton net 20 NaCl 90.7 to 103.8 Fiber NA NA [72]
Java Plankton net 10 NaCl 15460 Film NA NA [73]
Java Plankton net 20 NaCl 248.5 + 3.81 Fiber NA NA [74]
Java Manta net *NI H20:30% 0.66 to 3.00 Fragment PP, PE Yes [75]
Java *NI 5 NaCl 700 to 11100 Fiber PP, PE Yes [42]
Java *NI 20 H20:30% 0.38 t0 0.61 Foam PE, PS Yes [76]
Java Manta net *NI H:0: 30% 0.00848 to 0.00937 Fragment PE, PP, PS Yes [24]
Java Manta net 270000 ZnCl, 16.8 t0 41.6 (inn/m?)  *NI PP, LDPE NA [77]
Java Plankton net 20 NaCl 87626 to 110737 Fiber NA NA [78]
Java Manta trawl 0.15 NaCl 57530 Fiber NA NA [79]
Java Manta trawl *NI NaCl 70.9 +27.1 Film, fiber PP, PE Yes [80]
Java Plankton net 5000 *NI 12.6 Fiber Nylon, PP, PS NA [81]
Molucca  Manta Net 21829 H20:30% 0.0146 to 0.4331 Fiber NA NA [82]
Sulawesi ~ Vacum pump 10 ZnCl, 7to 55 *NI PS NA (83]
Sulawesi  Manta net *NI ZnCl, 0.000023 *NI LDPE, PS NA [44]
Sulawesi ~ Neuston net *NI KOH 10% 0.00178 to 0.00183 Fiber NA NA [84]
Sulawesi  Neuston net *NI H:0:30% 0.056 Fragment PS NA (85]
Sulawesi  Neuston net 10 Gravimetrically 6.9 to 7.7 Fiber PS, PE Yes [86]
Sumatra  Plankton net 5 NaCl 283.9 +2.63 Fiber NA NA [87]
Sumatra  Manta net *NI H>0., 30% 0.00046 + 0.00025 Fragment PE, LDPE, PP Yes [18]

*ENT: East Nusa Tenggara; NI: Not Informed; NA: Not Available; n/L: item per liter; n/m* item per meter square; PP: polypropylene, PS: Polystyrene; PE:
polyethylene; LDPE: Low-Density PE
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Table 2. The concentration of MPs in marine sediment of Indonesia
Location Sam}-)ling Volume MPs extraction Concentration Sh.ape Chemical Quality Ref
devices sample (g) (n/Kg) dominancy form control

Java Transect 250 H>0:30% 28.09 +10.28 Foam PP, PE Yes [37]
Java Gravity corer 500 NaCl 800 to 49000 Fragment PP, PE Yes [42]
Java *NI 500 NaCl 31700 Film NA NA [73]
Java *NI 500 H>0:30% 206.04 to 896.96 Fragment NA NA [88]
Java Transect 2000 NaCl 145 to 354 Fragment NA NA [89]
Java *NI 250 NaCl 87.4 t0 99.88 Fiber NA NA [78]
Java Eckman grab *NI H20:30% 3.35t0 13.33 Fragment PP, PE Yes [75]
Java Grab sampler *NI NaCl 590 Fiber PP, LDPE *NI [90]
Java *NI *NI NaCl 18405 to 38790 Fragment NA NA [91]
Java Sediment grab *NI NaCl 82480 to 111680 Fiber NA NA [72]
Java Pipe *NI NaCl 169.2 £ 5.184 Fiber NA NA [74]
Java Smith-McIntyre 10 cm depth NaCl 267 98 Foam CP, PS Yes [38]
Java Grabs 500 to 1000 NaCl 920 Fiber NA NA [71]
Java Eckman grab 20 SI 34666 to 45066 Fiber PE, PP, PS NA [92]
Java Grab sampler 35 mL ZnCl> 0to8 Fiber PP Yes [93]
Java Van Veen grab 600 to 880 NaCl 166.9 Film, fiber PP, PE, PS Yes [80]
Java *NI *NI H,0: 10% 28500 to 43000 Film NA NA [94]
Molucca  Transect 0.0125 m® gravimetrically 68.8 N/m? Film NA NA [21]
Papua Transect H20:30% 1140 to 1998 Fiber NA NA [20]
Sumatra  Transect 250 NaCl 11200 + 263 Fiber NA NA [23]
Sumatra  Transect 250 NaCl 3700 + 0.28 Film NA NA [(87]
Sumatra  Shovel 250 NaCl 906 Film NA NA [95]
Sumatra  *NI 100 NaCl 1976 to 2203 Fiber NA NA [96]
Sumatra  Van Veen grab 250 H20: 30% 72.64 +25.28 Fragment PE, PP Yes [97]
Sulawesi  *NI 100 ZnCl, 2.96 to 28.29 *NI NA NA [83]
Sulawesi  *NI 120 ZnCl, 14.6 to 50 Fiber PE NA [64]
Sulawesi  Corer 100 ZnBr» 195 + 66.98 Fiber NA NA [98]
Sulawesi  Transect 150 H>0:30% 165 to 217 Fiber NA NA [22]
WNT Transect 1500 NaCl 116.41 + 80.78 Fragment NA NA [99]
WNT Van Veengrab 250 H>0: 30% 44.19 +£12.40 Fragment PE, PP Yes [97]

*ENT: East Nusa Tenggara; NI: Not Informed; NA: Not Available; n/Kg: item per kilogram; n/m?% item per meter square; n/m? item per meter cubic; PP:

polypropylene, PS: Polystyrene; PE: polyethylene; LDPE: Low-Density PE; ABS: Acrylonitrile Butadiene Styrene; PC: Polycarbonates; CP: cellulose propionate;
PVC: Polyvinyl Chloride; PA: polyamide

Table 3. The abundance of MPs in fish from Indonesia

. . Number of MPs . Physical Chemical Quality
Location Species . Concentrations

samples  extraction shape form control
ENT Stolephorus spp. 15 NaOH 302+ 1.0 Film NA NA [25]
Java Mugil dussumieri 15 HNOs3 65% 297 Fiber NA NA [79]
Java Aplocheilus sp. 60 H,0.30% 1.97 Fiber PP, PS Yes [24]
Java Various fishes 25 HNOs 65% 16.28 Fiber NA NA [100]
Java Oreochromis mossambicus 10 NaCl 430+4.7 Fiber NA NA [101]
Java Scatophagus argus 35 NaCl 522+43 Fiber NA NA  [101]
Java S. canaliculatus 30 NaCl 17.97 £ 5.8 Fiber NA NA [101]
Java Crenimugil seheli 12 NaCl 842 +11.9 Fiber NA NA [101]
Java M. cephalus 27 NaCl 9.26 +6.1 Fiber NA NA [101]
Java C.chanos 10 NaCl 8+6.3 Fiber NA NA [101]
Java Anodontostoma chacunda 10 NaCl 12.50 + 6.7 Fiber NA NA [101]
Java Abalistes stellaris 30 NaCl 16.07 + 11.05 Fiber NA NA [101]
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. . Number of MPs . Physical Chemical Quality
Location Species . Concentrations ef
samples  extraction shape form control

Java C. chanos 6 HNO; 65% 8.8t09.58 (n/g) Fiber NA NA [72]
Java C. chanos 3 H»0:30%  1.16 to 2.66 Fragment PP, PE Yes [75]
Java Euthynnus affinis *NI KOH 15%, 1to9 *NI NA NA [102]
Java S. commersonnii 15 H>0:30% 1.87 +0.64 Fiber NA NA [28]
Java S. insularis 15 H.0:30% 6.8+1.62 Fiber NA NA [28]
Java S. indicus 15 H.0:30%  3.66 +2.41 Fiber NA NA [28]
Java S. indicus *NI NaOH 246.10 £ 32.25  Fiber NA NA [70]
Java S. fimbriata 10 NaCl 14.6 £ 6.09 Fiber NA NA [70]
Java Stolephorus spp. 15 NaOH 42t0 131 Fiber PP, PA Yes [61]
Java L. vitta 3 NaCl 15 to 26 Fiber NA NA [103]
Java Cephalopholis boenak 2 NaCl 8to 10 Fiber NA NA [103]
Java C. formosa 1 NaCl 8 Fiber NA NA [103]
Java Plectorhinchus gibbosus 1 NaCl 7 Fiber NA NA [103]
Java Cyprinus sp. 1 NaCl 11 Fiber NA NA [103]
Java Genera Epinephelus 20 HNO3 65% 82.4 Fiber NA NA [94]
Kalimantan  Stolephorus spp. 15 NaOH 130+ 1.73 Fiber NA NA [25]
Kalimantan = Stolephorus spp. 16 NaOH 366 + 3.51 Fragment PE, HDPE NA [26]
Molucca Epinephelus fuscogutattus 29 NaCl 3.07 Fragment NA NA [31]
Molucca E. coioides 36 NaCl 2.64 Fragment NA NA [31]
Molucca E. suillus 65 NaCl 1.51 Fragment NA NA [31]
Molucca S. canaliculatus 47 NaCl 2.47 Fragment NA NA [31]
Molucca Synanceia 27 NaCl 5.93 Film NA NA [31]
Molucca Scarus psittacus 16 NaCl 2.25 Fragment NA NA [31]
Molucca Stolephorus spp. 15 NaOH 277 £1.15 Fiber PA Yes [61]
Papua Stolephorus spp. 15 NaOH 59 to 290 Fiber HDPE, PA Yes [61]
Sumatra Various fishes 25 KOH 10% 62.96 Film NA NA [104]
Sumatra Stolephorus spp. 15 NaOH 246 to 645 Fiber PS, PS, HDPE Yes [61]
Sulawesi Oreochromis niloticus 5 KOH10% 0 NA [34]
Sulawesi Family Carangidae 7 KOH10% 5.9+5.1 Fragment NA NA [34]
Sulawesi S. argenteus 2 KOH10% 0.5+0.7 Fragment NA NA [34]
Sulawesi S. fuscescens 2 KOH10% 0 NA [34]
Sulawesi S. canaliculatus 3 KOH10% 0.3+0.6 Fiber NA NA [34]
Sulawesi Lutjanus gibbus 5 KOH 10%  0.00 NA [34]
Sulawesi Katsuwonus pelamis 9 KOH10% 0 NA [34]
Sulawesi Rastrelliger kanagurta 9 KOH10% 1+1.1 Fragment NA NA [34]
Sulawesi Decapterus macrosoma 17 KOH 10% 2.5+6.3 Foam NA NA [34]
Sulawesi Spratelloides gracilis 10 KOH10% 11x1.7 Fragment NA NA [34]
Sulawesi S. canaliculatus 10 KOH 10% 0.8 *NI LDPE, Nylon, PS NA [44]
Sulawesi Gerres longirostris 10 KOH 10% 0.5 *NI LDPE, Nylon, PS NA [44]
Sulawesi Selaroides leptolepis 14 KOH 10%  0.43 *NI LDPE, Nylon, PS NA [44]
Sulawesi Lethrinus ornatus 12 KOH10% 0.17 *NI LDPE, Nylon, PS NA [44]
Sulawesi Oreochromis niloticus 25 KOH 10% 1.6to 3.5 *NI NA Yes [84]
Sulawesi Megalops cyprinoides 12 KOH 10% 1.83t03.5 *NI NA Yes [84]
Sulawesi Barbonymus gonionotus 23 KOH 10% 0.91to2 *NI NA Yes [84]
Sulawesi Chanos chanos 50 KOH 10% 3.5+2.87 *NI NA Na [30]
Sulawesi Stolephorus spp. 15 NaOH 95 to 688 Fiber PS, PA Yes [61]
WNT Stolephorus spp. 16 NaOH 88 +£2.89 Fiber PP, PS,LDPE, Nylon  NA [27]
WNT Stolephorus spp. 15 NaOH 48 +2.31 Fiber PS Yes [61]

*WNT: West Nusa Tenggara; NI: Not Informed; NA: Not Available; n/ind: item per individual; n/g: item per gram; PP: polypropylene, PA: polyamide; PS:
Polystyrene; PVC: Polyvinyl Chloride; HDPE: High-density polyethylene
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Table 4. The abundance of MPs in benthos from Indonesia
Location  Species Number of Mps. Concen.trations Physical ~ Chemical Qc Ref
samples Extraction (n/ind) shape form
Java Perna viridis 30 HNO:s 65% 23 Fiber NA NA [71]
Java Littoraria scabra 10 HNO:s 65% 75.5 Fiber NA NA [105]
Java Metopograpsus quadridentata 9 HNOs65%  328.56 Fiber NA NA  [105]
Java Telescopium telescopium 27 HNO:s 65% 764.81 Film NA NA [73]
Java Anadara granosa 15 HNO:s 65% 618.8 +121.4 Fiber NA NA [74]
Java Diadema setosum 15 HNO:; 65% 1,786 to 2,175 Fiber NA NA [78]
Java Holothuria leucospilota 15 HNOs 65% 8.44 (n/g) Fiber NA NA [106]
Java Paracaudina sp 20 KOH 10% 289 to 1380 Fiber NA NA [107]
Java Dolabella auricularia 8 HNOs 65% 40.1t0 73.7 (n/g) Fiber NA NA [108]
Java Placuna placenta 6 H>0: 30% 1 Fiber PP, Nylon NA [81]
Sumatra A. granosa 10 HNO:s 65% 434 +97.05 Fiber NA NA [23]
Sumatra Cerithidea obtusa *NI HNO:s 65% 167 + 16.01 Film NA NA [87]
Sumatra Laevistrombus turturella *NI HNO:s 65% 489 Film NA NA [95]
Sumatra H. scabra 28 H>0: 30% 3.21 £0.07 Fragment PE, PP Yes [97]
Sumatra Various species *NI H>0: 30% 32to 52 Fiber NA NA [109]
Sulawesi Marcia hiantina 22 KOH 20% 1.10 to 3.08 Fiber NA NA [110]
Sulawesi  Tripneustes gratilla 17 KOH 10% 0.53 *NI NA NA [64]
Sulawesi  Pinna sp. 6 KOH 10% 0.5 *NI NA NA [64]
Sulawesi  Pinctada sp. 12 KOH 10% 0.3 *NI NA NA [64]
Sulawesi  Cypraea tigris 10 KOH 10% 0.3 *NI NA NA [64]
Sulawesi Nudi Branch 6 KOH 10% 0 NA [64]
Sulawesi  Tripneustes gratilla 14 KOH 10% 0.5 *NI LDPE,PS NA [44]
Sulawesi  Cyprea tigris 14 KOH 10% 0.36 *NI LDPE,PS NA [44]
Sulawesi Pinctada sp. 14 KOH 10% 0.29 *NI LDPE, PS NA [44]
Sulawesi D. setosum 10 KOH 10% 23.70 £2.99 Fiber NA NA [98]
WNT H. scabra 54 H>0: 30% 1.39 + 0.86 Fragment PE, PP Yes [99]

*NI: Not Informed; NA: Not Available; n/ind: item per individual; n/g: item per gram; PS: Polystyrene; LDPE: Low-Density polyethylene; PA: polyamide

comparative

studies

among other

studies

across

It is also observed that limited data is available

Indonesia.

The MPs' research in Indonesia primarily focused
on the western part of Indonesia (65%), including Java
Island. About 50% of studies were conducted on Java
Island (Fig. 2). Over 60% of data came from the western
part of Indonesia. Meanwhile, research conducted in the
eastern part of Indonesia were predominantly in rural
areas and small islands that are very vulnerable to marine
plastic waste due to limited waste management. Over 70%
of plastic pollution in Indonesia originates in rural
regions and small to medium-sized cities [8-9]. It is
reported that plastic waste in mangrove areas of small
islands such as the Ambon Island (Molucca) negatively
impacts mangrove health [43]. Plastic waste is trapped in
mangrove areas due to limited waste management on
small islands.

regarding the distribution of MPs in Indonesia's deep-
sea waters. The lack of study in the deep-sea area of
Indonesia is something that is worth noting. Essentially,
if we refer to the deep-sea's definition as a sea with a
depth of more than 200 meters vertically and
horizontally [111], then 68% (4.1 million km?®) of
Indonesia's marine area is classified as deep-sea waters
[112]. Although very limited data is available from the
deep sea area, several studies predicted potentially large
quantities accumulating in the deep sea ocean. This is
expected after a higher concentration of MP is found in
line with their depth [7,112]. It is reported that the
increase in the value of MP in the water column and
marine sediment in Mariana Trench is in conformity
with its depth [7]. However, our knowledge about
microplastic pollution from deep-sea oceans is relatively
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Fig 2. Number of papers on microplastics published between 2015 and 2022 (June) in Indonesia based on locations

little. We need more data from deep-sea areas.

This brief review also highlights that the dominant
research in Indonesia is still related to the distribution and
concentration of MPs. Information on MPs fate analysis
until it reaches the body of organisms or humans and
research related to the mechanism of transportation of
microplastics does not appear to be widely available in
Furthermore, due to the higher MPs
concentration in Indonesian waters in some locations, we

Indonesia.

proposed to do research about remediating MP from the
environment. The MPs remediation technologies such as
sediment-MP  isolation (SMI),
cellulose nitrate filter membrane, fluidization and
flotation, nanoparticle and sol-gel method have been
widely used in the remediation of MPs [114].

electrocoagulation,

m CONCLUSION

This brief review summarizes the milestones that
have been made in microplastic research in the
Indonesian waters over the last decade. Lack of polymer
analysis in the research in Indonesia due to the limited
resources (expensive chemical reagents and analytical
instrumentation that is not easily/readily available) led to
many unconfirmed studies regarding the type of polymer,
thus can also undermine the result. It is noteworthy that
most studies on MP in Indonesia (64%) do not provide
lack a blank/control
procedure during the sampling until the identification

polymer identification and

process, thus impeding data quality. Consequently, the

estimation of MP concentration is overestimated, and
comparative studies are challenging. The MP research
was mainly conducted in the western part of Indonesia,
especially on Java Island. Data and information about
MP pertaining to the eastern part of Indonesia are very
limited. Current research has primarily focused on
coastal waters rather than the deep-sea area. Thus, we
propose to have a standard guideline for MPs analysis at
a national level and future work should focus on
conducting more research in the eastern part of
Indonesia, which is mainly dominated by deep-sea areas.
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