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Microplastics in Malaysia’s Aquatic Environment: Current
Overview and Future Perspectives

Raja Norimie Raja Sulaiman, Aznizam Abu Bakar, Norzita Ngadi,*
Izzat Naim Shamsul Kahar, Abu Hassan Nordin, Muhammad Ikram,*
and Walid Nabgan*

Microplastic pollution has adversely affected the aquatic ecosystem, living
creatures, and human health. Several studies in Malaysia have provided
baseline information on the existence of microplastics in surface water,
ingestion by marine life and sediment. Also, humans are exposed to
microplastic due to consumption of contaminated abiotic and biotic products,
such as processed seafood. Nonetheless, knowledge is still scarce among
Malaysian on the potential remediation and pollution management of
microplastics, which poses a significant challenge to preserve a good
environmental status. Green technologies also other alternative to mitigate
the contamination of microplastics for sustainable future. Hence, this review
aims to provide an overview of microplastic’s occurrence, fate, and
implications in Malaysia’s aquatic environment. Detection of microplastics
from the water surface, ingestion by aquatics, and sediment samples are
highlighted. Available different treatment processes toward microplastic
remediation are also discussed. Additionally, the potential challenges, current
perspective for plastic management in Malaysia, as well as green strategies
for reducing microplastic contamination are also put forward. The goal of this
work is to improve the understanding of the seriousness of microplastic
contamination in aquatic environments, thus encouraging key concerns that
need to be investigated further.

1. Introduction

Plastic is discharged into the environment through a number of
pathways, including ordinary plastic goods, plastic degradation,
industrial, wastewater treatment plants, and so forth.[1,2] Such
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condition may disturb the food chain af-
ter entering the water system that then
devoured by benthic organisms, thereby
providing a major health concern.[3,4,5]

Apart from apparent macroplastic, there
is a concern about microplastics with a
diameter of less than 5 mm.[6] These mi-
croplastics are created for a certain size or
result from macroscale plastic’s physical,
photochemical, or biological degradation
into tiny fragments.[7]

Microplastics include primary and sec-
ondary based on the origin of these
plastics. Primary microplastics include
synthetic plastic pellets, beads, nurdles,
fibers, powders, and pellets. Commonly,
they are used as raw materials for mak-
ing plastics (resin), and industrial prod-
ucts (clothing textiles, personal care, and
cosmetic).[8] Meanwhile, secondary mi-
croplastic are derived from the break-
down of larger plastic debris through
gradual fragmentation or degradation via
several process such as weathering, pho-
tolysis, abrasion, mechanical, and even
microbial decomposition.[9,10,11,12]

Weathering is an important process for the fragmentation
and release of microplastics to environment. Nevertheless, the
rate and extent of microplastic weathering predominantly af-
fected by their physicochemical properties and environmental
conditions.[13] For instance, the weathering rate of microplastic
is usually lower in water than on land. Throughout this process,
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both oxygen containing functional groups and specific surface
area of microplastic increase as well as influencing their sorption
and aggregation with other co-existing constituents.[14]

On the other hand, the penetration of these microplastic into
water bodies occurs via hydrodynamics and adhesion effects.
Such situation leads to the uptake of the microplastic by aquatic
life, hence threatening the environment.[15,16,17] Several studies
have reported the ingestion and chemical infection of several
marine populations, including invertebrates (zooplankton, poly-
chaetes, shrimps, mussel, clam, scallop and worms) and verte-
brates (fish).[18,19,20,21] For instance, Hossain et al.[22] reported mi-
croplastic were found in the gastrointestinal tract of two types of
shrimps. Van Cauwenberghe et al.[23] claimed the ingestion of
microplastic in the marine invertebrates of mussel and lugworm
species. Also, Cho et al.[24] revealed the contamination of four in-
vertebrate’s bivalve species, including oyster, mussel, clam, and
scallop. Meanwhile, Collard et al.[25] also discovered the presence
of 80% microplastic (124 to 438 μm) in the livers of anchovy. It can
be inferred that mostly the marine invertebrates were easily con-
taminated by microplastic. Sfriso et al.[26] believed that microplas-
tic is strongly resembles the food, which is closely linked to the
feeding mode and size of the marine organisms. Given that the
particles are in the range of plankton size, marine invertebrates
can consume microplastics using a variety of feeding strategies.
For example, mussels (filter feeders), lugworms (deposit feed-
ers), and sea cucumbers (detritivores) were observed to consume
microplastics. Similarly, Nanthini devi et al.[27] also clarified that
higher scores of microplastics contamination among the smaller
marine organisms is due the higher specific surface of interac-
tion of these small organisms with the surrounding habitat.

Plastics contain many additives that can be toxic when released
into aquatic system.[28] The additives usually mixed with the plas-
tic during processing and fabrication of products. Amongst the
additives used are fillers (50%), plasticizers (10%–70%), flame re-
tardants (10%–20%), colorants (1%–4%), stabilizers (0.1%–2%)
and lubricants (0.5%–2%).[29] These additives may slowly migrate
from plastics into the environment, potentially having negative
consequences on ecosystems.

The potential health hazards related to microplastic ingestion
can be divided into chemical, physical particles, and microbial
pathogens. In terms of chemical risk, plastic can leach estro-
genic chemicals (Bisphenol A), leading to metabolic disorders in
infected mammals, namely obesity, diabetes, cancer, low sperm
count, and early puberty.[30,31] The microplastic can move over
the gastrointestinal area and is released via excretion for inges-
tion via physical particles. However, the accumulation of plastic
can occur elsewhere in the mammal body. The symptom can be
detected through the physiological disorder of the gastrointesti-
nal and disruption in the circulatory system, namely cardiac tis-
sue, cardiovascular diseases, etc.[31,32] Microplastic ingestion can
cause death since it can encourage gut microbiota dysbiosis in
fishes, affecting the immune system.[33]

Development of the plastics industry in Malaysia over five
decades has provided an abundance of advantages for society.
According to the Malaysian Plastics Manufacturers Association
(MPMA), plastic industries in Malaysia contributed RM30.98 bil-
lion to the national economy in 2018, signifying 4.7% of the coun-
try’s gross domestic product (GDP).[34] According to the Hous-
ing and Local Government Minister, Malaysia’s residents have

reached over 32 million and produced 38000 metric tonnes of
waste daily. Out of this waste, only 24% was recycled, while other
remaining 76% was landfilled.[35]

Concurrently, our country is struggling with the coronavirus
(COVID-19), which has led to the medical sector’s sudden surge
of plastic waste. According to Khoo et al.,[36] plastic medical waste
increased during the COVID-19 pandemic since personal protec-
tive equipment (PPE), including face masks and face shield hand
gloves, comes from plastic materials. Due to health and hygiene
concerns, these disposable plastics have caused plastic waste gen-
eration. This is supported by Jędruchniewicz et al.[37] who re-
ported that the discarded disposable gloves could be a source
and a vector of environmental pollutants during the pandemic
Covid 2019. Not only that, United Nations Comtrade (UNC) data
indicates that Malaysia imported 333.5 million kilos of plastic
waste in 2019, not including the one imported illegally.[38] Our
Malaysian people already produce a lot of plastic waste ourselves,
and it does not make sense for the authorities to import more
such waste.

Data on the environmental behavior and toxicity of microplas-
tics in Malaysia are scarce. Besides, knowledge about the avail-
able remediations and challenges in microplastic management
remains limited. Hence, this review ultimately aims to give fur-
ther comprehension on the seriousness of microplastic pollu-
tion from various regions in Malaysia as well as their detection
from water surface, aquatics life and sediment. The paper also
discusses the available microplastic remediation, challenges, and
perspective for plastic pollution management in Malaysia, as well
as green strategies for reducing microplastic contamination in
water bodies.

2. Methodology

Literature data were obtained from databases such as science di-
rect and web of science with keywords used for extracting and an-
alyzing literature data including occurrence, detection, removal,
challenges, and future perspective of microplastic especially in
Malaysia.

3. Heterogeneity on Abundance and Distribution
of Microplastic in Malaysia

Based on the statistical analysis, from 2016 to 2018, Malaysia’s
total plastic waste was generated from 2.45 to 2.65 Mt/year.[39]

To develop recycled products, China, Hong Kong, Malaysia, Tai-
wan, and India have become the top importers of plastic waste
in Asia. Malaysia has been importing plastic waste at a lower rate
from 2006 to 2010.[40] However, this trend changed and worsened
in 2018 when there was a remarkable increase in foreign plastic
waste in Malaysia, thus making our country a dumpsite. Actu-
ally, this issue was triggered by the Chinese government, which
banned most plastic waste imports from January 2018 agreeing to
their “National Sword Policy” (NSP) to decrease pollution.[39,40,41]

Reduction of low-quality, challenging-to-sort-and-recycle plastic
imports is one goal of China’s NSP. Accordingly, the solid waste
trade system is anticipated to change, either by altering the loca-
tion of the solid waste or by raising the standard of waste to con-
form to the NSP.[42] This announcement has a disruptive impact
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on plastic waste management.[43,44] Also, such situation causes
the top exporters such as United States and European nations
started shipping their plastic waste to other Asian countries in-
cluding Malaysia. Malaysia, which has become the world’s largest
importer of plastic waste, also involves with illegal imports by
reckless importers who were transporting the rubbish without
adequate documentation and using code without a permit. These
illegal plastic wastes typically offer low quality, contaminated,
non-recyclable and seem to be destroyed illegally, releasing toxic
substances.[40]

According to The Star.,[38] ≈148 000 tonnes of plastic was used
for food packaging in Malaysia in 2020. On average, ≈16.78 kg of
plastic packaging was used by Malaysians annually. Conferring
to Ellen.,[45] the cost of using plastic packaging and the cost of
the greenhouse gas released from its production is predicted at
USD 40 billion annually, higher than the plastic packaging in-
dustry’s profit pool. Based on the World Wide Fund (WWF) re-
port, Malaysians contribute the biggest per-capita plastic pack-
aging users in a region responsible for more than half the plas-
tic litter in the world’s oceans.[38] Furthermore, the increasing
population with fast urbanization without proper plastic waste
management tends to disturb important natural systems, includ-
ing ocean and coastal areas, and clog the urban infrastructure.[46]

About 3 to 13 million tonnes of plastic waste enter the oceans an-
nually, causing nearly 40%–50% of marine plastic pollution from
single-use consumer packaging.[47] Other study reported annu-
ally ≈2.4 million tonnes of plastic waste could enter the ocean via
the riverine system.[48] Then, it is reported the estimated annual
marine debris in Malaysia ranges from 0.14 −0.37 million metric
tons/year.[49]

On the other hand, Malaysia is ranked as the eighth-highest
contributor to marine plastic pollution, whose 60% of plas-
tic debris entering the ocean.[47,50] Eastern states of peninsular
Malaysia, mainly Terengganu, Kelantan, and Pahang, contribute
much plastic waste, generating 0.71 kg/capita/day.[51] Certain
activities, namely agricultural, industrial, tourism, fishing, and
urban areas are the main factors contributing to plastic waste
pollution.[52] Application of biosolids and compost, wastewater
irrigation, mulching film, polymer-based fertilizers, and atmo-
spheric deposition are the main sources of microplastic pollution
in agricultural soils.[53] Besides, Jang et al.[54] claimed that human
activity highly affects the abundance contamination of microplas-
tics in the environment. For instance, polystyrene (PS) was more
abundant in the aquafarm site, reflecting more PS aquaculture
buoys. Meanwhile, polypropylene (PP) was more abundant at the
rural site due to the high use of PP ropes and nets during fishing
activity.

Observation by Fauziah et al.[55] on the Malaysian beaches have
provided a clearer understanding of the distribution of plastic de-
bris. A total of 265.30 gm−2 of small plastic debris was collected
from several beaches, with the highest number from Seberang
Takir Beach (879 particles m−2), followed by Batu Burok Beach
(780 particles m−2). Plastic line, foam, and film were predomi-
nantly found in fishing beach areas while film, foam, and frag-
ment were found in recreational beach. It can be inferred that
the abundance of different type plastic waste is vary depending
on the functions of the beach. Besides, climate also influence the
presence of the plastic debris wherein ≈86.64% of total debris
items was reported during southwest monsoon at Sabah.[16]

Malaysia contributes ≈0.199 trillion microplastics from per-
sonal care and cosmetic products toward marine ecosystem.[56]

These microplastic have been ingested by several marine
species in Malaysia water bodies such as Scapharca cornea,
cage cultured and wild Lates calcarifer, Namalycastis. Sp, and
zooplankton.[57,58,59,60] It is revealed that plastic debris has been
found in the fish tissue.[61,62] Not only that, microplastics also
found in the human colon.[5] Amongst type of microplastic poly-
mers found are PP and polyethylene terephthalate (PET).[63,64]

Other hazard organic contaminants, namely polyamide (PA),
polyester (PES), polymerizing vinyl chloride, and acrylics in
microplastics were reported as well.[65] Microplastics are om-
nipresent with long residence time, high stability, easily frag-
mented, and capable of absorbing other pollutants.[66,67,68] Thus,
seafood intake could be a detrimental exposure of microplastic to
Malaysians since they are essential part of the dietary sources.

3.1. Microplastic Ingested by Benthic Organism in Malaysia

Microplastics turns out to be a hot subject of study amongst
researchers worldwide. Few studies on the ingestion of mi-
croplastics via numerous types of benthic organisms in several
Malaysian water areas, especially in eastern Peninsular Malaysia,
mainly in Terengganu and Pahang, have been reported (Table 1).
Setiu Wetland in Terengganu comprises several interconnected
ecologies, namely seashore, ocean, mudflat, waterway, cove, river
mouth, island, and coastal forest, filled with various types of flora
and fauna living in it.[69]

Scapharca cornea, a bivalve invertebrate, is widely distributed
in Setiu Wetland. Ibrahim et al.[57] have reported the ingestion of
microplastics in Scapharca cornea.sp. wherein ≈0.00090547 parti-
cles m−3 of microplastics (0.12 to 9.5 mm) have been successfully
detected in 120 handpicked wild Scapharca cornea.sp. Other than
that, Ibrahim et al.[58] claimed no studies documenting the inges-
tion of microplastics by Malaysian estuary fish. Throughout their
study, the comparison of microplastic ingestion between two
fishes derived from different habitat locations was reported. The
finding revealed the presence of the total 0.00007496 particles
m−3 microplastics in estuarine fish (wild and cage-cultured) of
Lates calcarifer. Microplastics are more prevalent in wild species
than in cage-cultured species, which is related to habitat dynam-
ics and feeding behavior. Even though many benthic creatures
have consumed microplastics, scientific evidence on consump-
tion of microplastics is still lacking concerning deposit-feeding
polychaete Namalycastis.sp or bait worm that live estuarine en-
vironments. Then, the ingestion of microplastics by polychaete
Namalycastis .sp (0.00020502 particles m−3) was conducted as
well.[59]

It can be inferred that most studies conducted in Setiu Wet-
land involve the ingestion of microplastic among marine in-
vertebrates. Some studies found that these invertebrates tend
to be selected as ideal test organisms since they can be easily
found, simple to sample, stress-resistant, sessile animals and
most crucially are popularly known as benthic filter feeder for
microplastics.[70,71] This is supported by Parsaeimehr et al.[72]

who discovered that small animals like invertebrates commonly
consume toxins like microplastics, which they can absorb. The
presence of microplastics in marine species is important for the
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Table 1. Summary of reported microplastic of various regions in Malaysia.

Location/Ecosystem Sample Microplastic abundance Characteristic of microplastic References

Setiu Wetlands/ Seawater Ingestion by benthic
organisms

0.00090547 particles m−3 (0.12
−9.5 mm)

Filaments, transparent, PE and PA [57]

0.00007496 particles m−3 (<1 mm) Fiber, fragment threadlike Black,
transparent, blue PA, and
polyvinyl alcohol (PVA)

[58]

0.00020502 particles m−3

(0.9-4.7 mm)
Filaments, transparent PP, and PA [59]

Terengganu Coastal Waters, Southern
South China Sea/ Seawater

Ingestion by benthic
organism

0.03-2.04 particles m−3 (0.02-
1.68 mm)

Fragment, fiber, PA [74]

Terengganu estuary and offshore waters,
Malaysia/ Seawater

Ingestion by benthic
organism

291-812 particles m−3

(96.8-361.7 μm)
Offshore: fiber; Estuaries: fiber PP,

PE, and PA
[60]

Tanjung Penyabung, Mersing and Pantai
Remis, Johor/ Seawater

Ingestion by benthic
organism

5.17-9.88 particles m−3);
(0.063-5 mm)

Black, blue, PE, PP, acrylonitrile
butadiene styrene (ABS), PS and
(PET)

[77]

Pulau Pangkor, Perak, Malaysia/
Seawater

Ingestion by benthic
organism

0.000015 particles m−3 (0.5 to 2 μm) Fiber, black, PE and poly (methyl
methacrylate) (PMMA)

[81]

Klang River estuary, Malaysia/Freshwater Ingestion by benthic
organism

0.0000005 −0.00000175 particles
m−3 (300-1000 μm)

Fiber, black,
polyethylene-propylene-diene
(PE-PPD) and PES

[82]

Terengganu Coastal Waters, Southern
South China Sea/ Seawater

Surface water 0.00090547 particles m−3 (0.02-
1.68 mm)

Fragment, fiber, PA [74]

Terengganu estuary and offshore waters,
Malays/Seawater

Surface water 211.2- 421.8 particles m−3

(96.8-361.7 μm)
Offshore: fiber, fragment, and pellets [60]

Setiu Wetlands/ Seawater Surface water 0.00036 particles m−3 (200 μm) Transparent, film, and filament [83]

Sungai Dungun, Terengganu/Freshwater Surface water 0.1771 particles m−3 (200 μm) Fiber, fragment, black and
transparent, PP,
polyacrylonitrile(PAN) and rayon

[87]

Cherating river and Cherating mangrove,
Pahang, Malaysia/Freshwater

Surface water 0.0051-0.0070 particles/m3 (0.5 to
1.0 mm)

Fragment, white color [88]

Kuala Nerus, Terengganu and Kuantan,
Pahang/Freshwater

Surface water 0.00013- 0.00069 particles m−3

(200 μm)
Fragment, Filament, Irregular Black

Grey, PA and PP, PES, PS
[89]

Skudai and Tebrau Rivers/Freshwater Surface water 0.20-0.68 particles m−3 (1000 to
5000 μm)

Not mentioned [90]

Bangi, Selangor/Freshwater Surface water 17 particles m−3 (200-500 μm) Fragment, film, pellet, foam
Polymer: PE

[91]

Setiu Wetlands/ Seawater Sediment 0.00000597 particles m−3(200 μm) Transparent, film, and filament [83]

Terengganu Coastal, Malaysia/ Seawater Sediment 0.00304-0.00306 particles m−3

(>125 μm)
Fiber, black Seasonal [92]

Santubong and Trombol beaches,
Kuching/beach/ Seawater

Sediment 0.0000000358-0.0000017343
particles m−3 (1-5 mm)

Fragment, PP, and PET [93]

Baram River, Sarawak Malaysia/
Freshwater

Sediment 0.0000005188- 0.00000087particles
m−3 (0.3-1 mm)

Fragment, blue, PE, PET fibres,
silicon polymer

[105]

Sementa Mangrove, Kapar,
Selangor/mangrove/ Freshwater

Sediment 0.418 particles m−3 (1-5 mm) PS foam and plastic fragments [95]

estuarine food web since the study can serve as a baseline for
these microplastics to go up the trophic chain.[73]

Meanwhile, becoming a feeding ground for zooplankton, the
widespread accumulation and distribution of microplastics at
the sea surface is worrying. Research on the contamination of
microplastic in the seawater and zooplankton has been carried
out in the Terengganu coastal area. Microplastic ingestion was
obtained from different clusters of zooplankton that are 2.04,
1.71, 0.63, 0.60, 0.24, and 0.03 particles m−3 for cyclopoids,
calanoids, fish larvae, polychaetes, shrimp and zoea and chaetog-

naths, respectively.[74] Similar method was used by Taha et al.[60]

to investigate the ingestion of microplastics in seawater and zoo-
plankton from Malaysia’s Terengganu Estuary to offshore wa-
ters. Results show that 812 and 291 particles m−3 of microplastic
have been successfully extracted from estuaries and offshore, re-
spectively. Throughout these studies, it is demonstrated that zoo-
plankton also plays a role as a repository for microplastic in the
marine ecosystem. Despite its small size, zooplankton is an im-
portant component of the pelagic ecosystem since it serves as a
link between primary producers and higher trophic levels, such
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as humans.[75] Zooplankton may act as a pathway for microplas-
tics to infiltrate the food chain through ingestion, hence endan-
gering secondary producers, apex predators, and possibly even
human health.[76]

The widespread presence of microplastics in commercial ma-
rine fishes from Malaysian oceans poses a risk of human ex-
posure through fish consumption. This is supported by Jaafar
et al.[77] who claimed the contamination microplastics occurred
in the gastrointestinal tract area (GIT) and gills of 158 fish from
16 species collected from two sites in Malaysian coastal waters.
About 86, and 92% of microplastic have been detected in the GIT
and gills of the studied fish, respectively. Zhu et al.[78] believed the
smaller plastics predominated in GIT since fish mistaking them
for food whereas the larger one highly concentrated in gills, in-
dicating that they were less likely to be flushed back into the sea.
Other studies also stated that the high occurrence in fish gills
showed that the uptake of microplastics via ventilation is a main
pathway of microplastics ingestion in fish.[79]

Other than that, it is found that about 9.88 and 5.17 particles
m−3 of microplastic were obtained from urban and less urban-
ized areas, respectively.[77] Such high incidence of microplastics
in urban areas may be related to the densely populated and vis-
ited by local people and tourists.[80] Other popular area studied
is Pulau Pangkor with an increasing number of visitors and de-
velopment, making it excellent for long-term research. Husin
et al.[81] examined samples of S. horrens from Pulau Pangkor,
which were dissected, and their intestines were digested. Result
showed that ≈0.000015 particles m−3 microplastic was found in
S. horrens. Then, Klang River estuary is an important ecosystem
that receives various contaminants from urbanized, highly popu-
lated areas and the busiest maritime center in Selangor, Malaysia.
Using this place as a research study, Zaki et al.[82] reported mi-
croplastics were found in concentrations ranging from 0.0000005
−0.00000175 particles m−3 in the gastropods from a variety of
land use regions such as ports, residential, and industrial areas.
It can be concluded that mostly the studies showed high occur-
rence of microplastic in urban areas compared to the rural areas.
According to Mihai et al.,[80] it is still unclear how much rural ar-
eas contribute to global plastic pollution since there are few data
on rural waste at the national level.

3.2. Microplastic from Surface Water in Malaysia

Pieces of evidence on the microplastic abundance from
Malaysian surface waters are tabulated in Table 1. Md Amin
et al.[74] reported that 0.00090547 particles m−3 were discovered
with an average abundance of 0.0033 particles m−3 in surface sea-
water. Taha et al.[60] carried out the first study focusing on the mi-
croplastic pollution in surface water of estuaries and offshore in
Malaysia. Results revealed that Terengganu Estuary has a greater
microplastic density (421.8 particles m−3) than offshore waters
(211.2 particles m−3). Meanwhile, Ibrahim et al.[83] have reported
the distribution of microplastics in surface water in the South
and North Setiu Wetland in the South China Sea. Their findings
indicated the presence of a total of 0.0036 particles m−3 of mi-
croplastics from surface water. As for the surface water of marine
ecosystem, it is observed there are high occurrence of microplas-
tic in estuarine compared to the coastal and Setiu wetland areas.

This can be related to the exposure of estuarine to high prevalence
of microplastics sources such as wastewater treatment, indus-
try, agriculture, and urban areas.[11,84] Besides, tropical cyclones,
floods, erosion processes, and changing water flow and levels af-
fected estuarine environments, hence releasing of pollutants in
estuaries.[85]

Although significant research efforts have focused on the ef-
fects of microplastic on the marine ecosystem, it is evident that
inland water is experiencing the same issues. Rivers are pos-
sible water supplies and routes for microplastic to the oceans,
mostly because of a terrestrial based activity.[86] Several stud-
ies have reported the contamination of the microplastic from
surface water of the freshwater ecosystem. For instance, Hwi
et al.[87] have investigated the occurrence of microplastic in Sun-
gai Dungun, Terengganu with the range concentration of mi-
croplastic obtained was 0.1771 particles m−3. The presence of
metals released from microplastic such as stanum, arsenic, man-
ganese, zinc, copper, iron, and aluminum, was also observed.
Besides, Pariatamby et al.[88] have reported the presence of mi-
croplastics in surface water samples obtained from the Cherat-
ing river and Cherating mangrove in Pahang. The midstream re-
gion provided the highest microplastics abundance, with an aver-
age abundance of 0.0070 ± 0.0033 particles m−3, followed by the
mangrove (0.0051 ± 0.0053 particles m−3). Khalik et al.[89] con-
ducted a field study on microplastics analysis in Malaysian ma-
rine waters at Kuala Nerus, Terengganu, and Kuantan, Pahang. It
was found that the total microplastic particles (minimum 5 mm)
found in Kuala Nerus and Kuantan port were 0.00013-0.00069
and 0.00014-0.00015 particles m−3, respectively. Additionally, Sar-
ijan et al.[90] have reported an abundance of microplastic be-
tween the Skudai and Tebrau Rivers. It is observed that the av-
erage concentrations of particles found in the Skudai and Tebrau
Rivers were 0.20 and 0.68 particles m−3, respectively that were
dominated by size ranging from 1000 to 5000 μm. Then, Suardy
et al.[91] also claimed the presence of 17 particles m−3 microplas-
tics that come from personal care from surface water of Sungai
Langat and Tasik Cempaka in Bangi, Selangor. All these studies
provided new insights on the microplastic pollutions and their
impact on Malaysia’s freshwater systems.

3.3. Microplastic from Sediment in Malaysia

Ibrahim et al.[83] have reported the distribution of microplas-
tics in estuarine sediments in the South and North Setiu Wet-
land in the South China Sea. Their findings indicated the pres-
ence of a total of 0.00000597 particles m−3 of microplastics
from dry sediment. On the other hand, there is a scarcity of
information on the amount of microplastic found on South-
east Asian Sea turtle breeding beaches. Between October and
November 2018, Hamza et al.[92] have collected samples from
four sea turtle nesting beaches in Terengganu, Malaysia to
evaluate microplastic abundance. They have successfully found
about 0.00304 to 0.003058 particles m−3 microplastic objects us-
ing optical observation. The microplastic found in sea turtle
were divided into four categories: fibers, fragment, foam, and
films. The most typical shape was that of fibers (96.18%). Black
was the most common color discovered (35.64%), followed by
transparent (24.53%).

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (5 of 20)
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Figure 1. Images of several common shapes of microplastic. Reproduced with permission.[59] Copyright 2021, Elsevier.

Besides, Noik and Tuah[93] have surveyed the abundance of
plastic at two sandy beaches in Kuching, Sarawak, Malaysia, San-
tubong and Trombol. Results revealed that Santubong and Trom-
bol provided a mean weight of 0.0000000358 and 0.0000017343
particles m−3, respectively. Both places are situated at an estu-
ary, hence providing the high possibility of translocating plas-
tics from other inhabited zones. Meanwhile, Baram River is one
of Sarawak’s greatest rivers, with many large industries along
its banks, including plywood, sawmills, shipyards, interisland
ports, and other wood-based industries. Study revealed that about
0.0000005188 to 0.00000087 particles m−3 was discovered in the
sediment of Baram River.[94]

Emphasizing areas isolated from anthropogenic activities,
Barasarathi et al.[95] as quantified a significant total quantity of
0.418 particles m−3 microplastic in a mangrove forest in Kapar,
Selangor, Malaysia. It is revealed that the most pronounced mi-
croplastic found is fragment type that is not only limited to the
surface but has penetrated deep into the soil core. Their presence
may be due to consumer use of things such as bottles, plates, toys,
etc. Hence, it is vital to have countermeasures to keep Malaysia’s
mangrove forests from microplastic contamination.

3.4. Microplastic Characteristics in Malaysia

Table 1 also exhibits the several characteristics of microplas-
tic found in Malaysian water bodies. Size of microplastic has
a greater impact on the organisms since the interaction of mi-
croplastic on the organism increases with the reduction of plas-
tic’s size.[59,77,96] For instance, plastic with size < 1 mm is able
to penetrate the cell barrier, hence adversely causing the ox-
idative damage, fecundity, and immunological responses in the
organism.[97,98] Microplastic also can be sorted into several di-
verse shapes as shown in Figure 1, namely fiber, film, filament,
fragment and irregular.[59] Meanwhile, identifying the type of
microplastic polymer is crucial since it determines its chemi-
cal composition.[58,99,100] Density separation offers potential in-
formation in analyzing the chemical components making up
the microplastic.[58] Polymers such as PE and PP provide den-
sity lower than water while the polymers, including PS, PES,
and PA are slightly dense than water.[101] Besides, colors of mi-
croplastic such as transparent, red, blue, green, black, brown,
and others represent their different specific polymers.[101,102, 103]

It is reported that a fragment microplastic in blue or green color

was identified as PE.[104] However, some studies specified that
the color and the chemical composition of the plastics have no
correlations.[57]

Majority of the microplastics discovered in Setiu Wetlands area
were filaments (0.12 to 9.5 mm) and exist in a variety of colors,
including translucent, blue, green, white, black, orange, red, pur-
ple, grey, and brown.[57] Furthermore, the presence of microplas-
tics (<1 mm) in black threadlike, transparent and blue threadlike
shapes of wild and cage-cultured Lates calcarifer was successfully
reported as shown in Figure 2.[58] Similarly, research by Hamzah
et al.[59] reported that the microplastic found in the ingested poly-
chaete, Namalycastis. Sp in a size range of 0.9 – 4.7 mm from the
Setiu Wetland’s estuary ecosystem was highly dominated by fila-
ments (99.79%). Meanwhile, the transparent color of microplas-
tic provided the highest percentage (84.71%) compared to the
other colors. Such microplastics with filament shape and trans-
parent color seem like the structure of rotten Nypa (natural food),
hence was mistakenly taken as a food source by Namalycastis sp.
This is in accordance with Li et al.,[104] who indicated that the
misidentification of microplastic colors raises the probability of
a food source during microplastic ingestion.

Terengganu coastal and estuary also has become a hotspot
for microplastic pollution. Fiber and fragments are highly dom-
inated by the shape of microplastic found in that region.[60,74,92]

This is strongly supported by Md Amin et al.[74] who reported the
fiber and fragment microplastic (0.02–1.68 mm) found from in-
gestion of zooplankton. Meanwhile, referring to the case study
from Taha et al.[60] three types of microplastics were found in
the surface water from Terengganu estuary to offshore waters,
namely fibers, fragments, and pellets. In detail, from the es-
tuary area, microplastic (96.8 μm) were dominated with fiber
(73.8%), fragments (22%) and pellets (4.2%). Similarly, from the
offshore area, microplastic (361.7 μm) with fiber are dominant
with 80.8%, fragments (18.6%) and pellets (0.17%). Furthermore,
it was shown that zooplankton included two forms of microplas-
tic that are fibers and fragments. Specifically, total ingested mi-
croplastics by zooplankton offshore covered 94% and 6% of fibers
and fragments, respectively.

Other than that, ≈78% and 22% of fibers and fragments were
obtained from zooplankton in the Terengganu estuary, respec-
tively. It is noted that the size of ingested microplastics offshore
is more significant compared to the estuary. According to Jaafar
et al.,[77] the isolated microplastic (0.063–5 mm) from the stud-
ied fish is made up of fibers (80.2%), fragments (17.7%), and
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Figure 2. Images of several common colors of microplastic. Reproduced with permission.[58] Copyright 2017, Malaysian Analytical Sciences Society.

filaments (3.1%). Meanwhile, PE, PP, ABS, PS, and PET were
discovered in the selected microplastic using Fourier transform
infrared (FTIR) and Raman spectroscopy (RS).

Based on the field study by Khalik et al.,[89] it is revealed
that Kuala Nerus contributed ≈76.2% and 23.76% of microplas-
tic with fragment and filament shapes, respectively. Meanwhile,
the microplastic with fragment shape constituted 50.8%–66.1%
of the total microplastic for Kuantan samples. Likewise, mi-
croplastic with filaments and irregular contributed to the range of
20.9%–38.3% and 10.8%–19.1%, respectively. In terms of colors,
there were eight different colors found in microplastic, namely
black, blue, brown, grey, red, orange, yellow and transparent.
However, the microplastic particles were dominated by black
(65.5%) in Kuala Nerus, and grey color is dominant (48.7%) in
Kuantan.

As stated by Sarijan et al.,[90] microplastic in the film shape is
highly found in both Skudai and Tebrau River, Johor. Meanwhile,
yellow, and white colors of microplastic were dominant in the
Skudai River, and blue appears to be the dominant color found
in Tebrau River. Furthermore, the work of Noik and Tuah[93] re-
vealed physical characteristics of plastic fragments and debris
in Santubong and Trombol; Kuching was primarily in fragment
shape. PP and PE were the most common plastic polymers found
on both beaches, according to FTIR fingerprinting study. Fibers
(91%) with a black color were the most common microplas-
tics discovered in gastropods (50%) at Klang estuary. The major

polymer components were PE-PPD and PES. Assessing the mi-
croplastic contamination of gastropods gives insight into the fea-
sibility of using gastropods as bioindicators for monitoring and
baseline investigations.[82]

Microplastics were found in fragments with a size of 0.5 to
1.0 mm in surface water samples taken from the Cherating river
and the Cherating mangrove in Pahang, and white-colored mi-
croplastics were common.[88] From the evaluation of microplastic
in Pulau Pangkor, Husin et al.[81] have found ingested microplas-
tic (0.5 to 2 μm) by sea cucumber, Stichopus horrens were com-
monly fiber (90%), and black (59%). PE and PMMA are two poly-
mers that have been identified as well.

Based on the observation of microplastic in Baram River es-
tuary, Choong et al.[105] have concluded that microplastic frag-
ments accounted for 67.8% of the total microplastics identified
in the water and sediment, followed by fiber, film, pellet, and
foam. PE, PES fibers, silicon polymer, nitrile, and PS were among
the microplastic polymer types discovered. The most prevalent
size range for microplastics in the Baram River was 0.3–1 mm,
with blue being the most common color. According to Praveena
et al.,[106] polyester, nylon, and acrylic microplastic fiber and frag-
ment forms with an average length of 2258.59 m were also found
in these laundry water samples. In terms of polymer charac-
teristics, PP PE, and PA are the main polymer types for mi-
croplastic found in the Setiu Wetland’s estuary ecosystem. Both
polyamide (PA) and PVA were the main polymers found in these
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microplastics, which are slightly denser than water. The high
number of PA from the microplastic ingested from the cage cul-
tured species was believed to come from the cage utilized for fish
aquaculture fabricated from synthetic resources. Besides, PVA
comes from the settlement of the fishing gear or nets on the bot-
tom floor.[58]

Typically, PE and PP are commonly connected with food stor-
age, consumer goods, and single-use items, while PA is mostly
employed in fishing nets and the automotive industry.[107] PA are
largely used for nylon substances, cloths and fishing gear, includ-
ing nets and ropes.[108] As the sampling location is busy with fish-
erman activities, the chances for the fishing gear or nets to be
abandoned in the waterways are higher. Results of μFTIR spectra
on the microplastic sampled from the offshore waters with fiber
types were identified as PA, PE and PP representing various activ-
ities including restaurants, tourism, fishing, seafood processing
industries, and marine traffic, which is performed in that area.
As for the polymer characteristics, PA and PP materials are the
main polymer group found in Kuala Nerus. Meanwhile, the main
polymer group identified in Kuantan is PES, PS, PA, PVC, and
PE. Commercial fishing and tourism are the major activities in
Kuala Nerus, while Kuantan Port is one of Malaysia’s big multi-
cargo ports.[89]

Suardy et al.[91] have observed the occurrence of primary mi-
croplastic, which include microbeads in personal care products
in Bangi, Selangor. It is found that the microplastic comes with
a size ranging from 200–500 μm, and polymer characteristics are
PE and PS. The extracted microplastic comes from various col-
ors: white, purple, pink, brown, colorless, while the shapes were
spherical, granular, and irregular.

3.5. Cause Analysis of Microplastic Abundance in Malaysia

Several factors influencing the abundance and distribution of mi-
croparticles in Malaysia namely hydrological conditions of water
system, environmental conditions, sampling location, microplas-
tic features, seasonal variation, population density, human activ-
ities, and industrial and domestic waste. Ibrahim et al.[57] ob-
served that the quantifications of microplastics collected from
Setiu Wetlands are decreasing tremendously from station 1
(N 05°41″144″, E 102°42″629‴) to station 2 (N 05°41″423‴, E
102°42″258‴) due to the tides, winds or water movement phe-
nomena. Station 1 provides adequate food for S. cornea with less
water movement, providing a long duration for the microplas-
tic to be retained there. Conversely, station 2 is entirely unsuit-
able due to the fast water movement from the incoming tides.
Meanwhile, Ibrahim et al.[58] observed that wild L. calcarifer had
ingested a considerably higher abundance of microplastics com-
pared to cage-cultured L. calcarifer. The wild L. Calcarifer being
positioned near the passage of the South China Sea that is rich
with the microplastic particle transferred from the sea over ocean
current and wind. Besides, cage-cultured species were taken
northwards from Setiu Wetlands, next to the settlement area. The
cage-cultured fishes ingested more threadlike particles compared
to wild species of L. calcarifer, probably resulting from the disin-
tegration of nets used in the aquaculture ponds. However, the
fragment type was reported remarkably higher in quantity for

wild fishes, as it could be denser than water, expected to sink and
therefore being accidentally ingested by wild L. calcarifer.

Likewise, Hamzah et al.[59] found that the high ingestion of
microplastics occurred at Station 3 (ST3) (N 05◦40′ 54.46′′, E
102◦42′ 33.25′′) (692 pcs) and Station 4 (ST4) (N 05◦39′49.27′′,
E 102◦43′ 57.69′’) (674 pcs), which is due to the influx from
the open sea and aquaculture. It is also reported that ST2 (N
05◦41′30.77′′, E 102◦41′54.98′′) provided the highest number of
individual microplastic ingestion since this area was noticeably
smaller than the other stations. In terms of microplastic features,
the abundance of microplastic filaments is transparent in color
are misunderstood by estuarine polychaetes because the struc-
ture closely mimics the structure of their natural feed, decaying
nypa. Similar observation was reported by Barasarathi et al.[95]

who indicated that these particles seem to be like phytoplankton,
thus the tendency of being ingested as food by marine organisms
becomes high. Distinctive in the population of benthic organisms
in certain areas also influences the variance in microplastic in-
gestion from the sample species studied. The inconsistent mi-
croplastic ingestion can explain this in zooplankton in Tereng-
ganu coastal, which depends on the zooplankton abundance at
different stations.[74] A similar report was made by Taha et al.,[60]

who claimed that the number of microplastic ingested from off-
shore and estuaries waters is predominantly affected by the den-
sity of the zooplankton. As observed, in the offshore water area,
station B3 (N 5.775, E 103.62167) provided the highest number
of ingested microplastic (535 particles m−3) with the highest den-
sity of individual zooplankton (291.2 particles m−3). Conversely,
station A5 (N 5.52389, E 104.25944) provided the lowest ingested
microplastic (93 particles m−3) due to the lowest density of zoo-
plankton (50.6 particles m−3). Similarly, in the Terengganu Estu-
ary, the greatest ingested microplastic occurred in ST1 (N 5.3434,
E 103.14873) (195 particles m−3).) with the greatest zooplankton
total density (812.5 particle m−3). In contrast, the lowest ingested
microplastic occurred in ST6 (N 5.32416, E 103.11726) (63 pcs)
with the lowest total density of zooplankton (262.5 particles m−3).

Khalik et al.[89] exhibited a high number of microplastic found
in the non-urban area (Kuala Nerus) compared to the urban
area (Kuantan). Additionally, there is no significant difference
between the station studied and the number of microplastic in-
gested in Kuantan port, showing the uniform distribution in the
aquatic debris in the east coast region. This study seems to con-
tradict with the work by Jaafar et al.[77] who observed the high
occurrence of microplastic were identified in the benthic organ-
isms from the region nearby to the city region (9.88 particles
m−3) compared to the microplastic obtained in the benthic organ-
isms from less urbanized region (5.17 particles m−3). Several an-
thropogenic activities namely fisheries, aquaculture, agricultural,
restaurants, tourism, fishing, recreation, sand mining and so on
around this area, are often pointed out as essential contributors
to microplastic pollution in the Setiu wetland. The main sources
of microplastic pollution are believed to be fishing and tourism
activities that could result in a high concentration of transpar-
ent microplastics in the marine environment. Furthermore, since
plastic fibers were significant raw materials for fishing nets and
lines, the availability of fiber may be related to the widespread
use of fishing equipment. Monofilament fragmentation (single
fiber) from fishing nets, ropes, synthetic cloth, or garment fibers
determines the fiber type.[81,82,88,105]
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On the other hand, Noik and Tuah[93] claimed that most of
the plastic particles found on the beaches of Santubong and
Trombol (Kuching, Sarawak) are not associated with heavy in-
dustrial goods but rather with domestic items. Broken kitchen
and bathroom furnishings, motor oil containers, personal care
and toiletries, children’s toys, and abandoned fishing gear and
storage boxes are among the items found. Besides, the unpleas-
ant look of plastic being disseminated and deposited in the en-
vironment is often ascribed to human factors. Most of the plas-
tic was carried a long distance by wind, water, and animals. The
most prevalent storage sites for these man-made polymers in-
clude seas, ocean gyres, islands, beaches, and rivers. Research by
Hwi et al.[87] discovered that the high abundance of microplas-
tic at ST3 (N 4°46′38.8″, E 103°23′42.7″) is due to the sampling
site located near the outlet of receiving waters. These riverine of
Sungai Dungun filled with the domestic discharge from residen-
tial areas including Pengkalan Macang, Nibung, Sungai Buaya,
Padang Jambu, and Tanjung Batu Villages.

4. Detection of Microplastics from Water Surface,
Ingestion by Aquatics and Sediment

Filtering, which uses sieves with varying pore sizes or mesh sizes,
is a popular approach for removing microplastics from water
samples. When the pore or mesh size is smaller, more microplas-
tics are detected. Khalik et al.[89] used filtration with 20 μm pore
size to trap microplastic from surface water samples collected us-
ing a 5.7 L calibrated steel sampler. Throughout this study, the
authors did not mention specifically the size of microplastics ob-
tained but stated only particles with a diameter of at least 5 mm
were considered. Hwi et al.[87] have filtered the collected 400 L
surface water sample containing microplastic using sieve made
of a 200 mm diameter stainless steel with a 200 μm mesh size.
Digestion with hydrogen peroxide (H2O2) is a typical method for
removing organic materials from water samples while preserving
the tested polymer. These samples were treated with 30% H2O2
for 24 h at room temperature to oxidize organic materials. Mi-
croplastic with sizes of 1.22–1.30 mm was commonly found in
their works. Meanwhile, Choong et al.[94] have sieved 10 L wa-
ter samples containing microplastic collected in stainless steel
buckets with mesh size (0.3–5 mm) to trap the microplastics. The
smallest particle (0.3–1 mm) was predominant that accounted
for 36.8% of the total microplastic particles in the water sam-
ples, followed by 1–2 mm (25.7%), 2–3 mm (18.6%), 3–4 mm
(11.6%), and 4–5 mm (7.4%). Pariatamby et al.[88] have used a
set of Tyler sieves with mesh size from 0.1 to 5 mm. It is found
that microplastics of size fractions 0.5 to 1.0 mm were the most
prominent up to 50% in several studied stations. The high abun-
dance of microplastic with size>0.5 mm assumes that smaller
microplastic size classes eventually sink into deeper segments,
owing to the high surface-to-volume ratio, which favors biofoul-
ing. As can be observed, these studies used the size at least 5 mm
as benchmark for the size of microplastic detected.

On the other hand, acid and alkaline digestions are more typ-
ically used to treat microplastics in aquatic species in Malaysia
area. For instance, the tissue of Scapharca cornea was digested
using 10 M sodium hydroxide (NaOH) at 60 °C and being di-
gested 90% after 24 h of treatment. A 500 μm filter was used

twice to filter the residue thereafter.[57] Similarly, Ibrahim et al.[58]

have used 10 M of NaOH to digest the gastrointestinal tract of the
cage-cultured and wild L. Calcarifer. To increase the digestion, the
sample was heated under temperature of 60 °C and shaken con-
stantly at 130 rpm during the incubation period. However, the
filtration of sample was carried out after 21 days. Other study by
Hamzah et al.[99] also reported the use of 10 M NaOH to digest
specimen of Polychaete Namalycastis sp. The sample was wrapped
in aluminium foil and placed in a 60 °C oscillation water bath un-
til the contents were entirely digested. The digestion procedure
took a maximum of 48 h to complete, depending on the size of
each sample.

However, the researchers should pay attention in terms of the
concentration of digestion solution for microplastic. Sun et al.[109]

claimed that the microplastics will be affected by the strong ox-
idising acid, which will degrade polymers that are sensitive to
low pH. Besides, Li et al.[110] reported that the effectiveness of
microplastics extraction for 5 M nitric acid (HNO3 ) and 5 M hy-
drochloric acid (HCl) is lower than that 1 M HNO3 and 1 M HCl
since PA and PE are not acid resistant, thus impacting on the
overall microplastics extraction efficiency. As a result, the acidic
and alkaline solution concentrations utilised should be adequate.
In future trials, the balance between reagent concentration and
digestion efficiency should be considered.

Density separation, which is based on the density differen-
tial between plastic and sediment particles, is another essential
approach for extracting microplastics from sediments. Hamza
et al.[92] have separated plastic fragments with bulk of the sand
using fluidized density separation system with sodium chloride
(NaCI) (1.2 g cm3) as reagent. Sand and other particles with
a higher density than the solution will settle at the bottom of
the column, while those with a lower density will float to the
top. Meanwhile Noik and Tuah[93] reported the extraction of mi-
croplastic from sediment wherein less dense particles were sepa-
rated using flotation process. Similarly, Barasarathi et al.[95] used
the same method with a slight modification. The concentrated
saline solution was added to the sediment before settling pro-
cess. Choong et al.[105] have treated the sediment containing
microplastic using 300 mL of aqueous lithium metatungstate
(1.62 g cm3) to float out the microplastic particles from the soil
sediments. For inorganic matter removal, density separation was
done by adding NaCl solution to both water and sediment sam-
ples.

Besides that, Jaafar et al.[4] have highlighted some additional
clean-up methods during post-ingestion of extracted microplas-
tic, namely sieving, density separation and oil extraction protocol
(OEP) during extraction of microplastic from the GIT. A slight
modification for sieving has been done using the combinations of
stainless-steel sieves with mesh sizes of 500 and 63 mm. The in-
clusion of a 63 mm sieve was necessary to remove the coloration
from the digestate while also catching any potential plastic frag-
ments larger than 63 mm. According to the author findings, the
proportion of efficiencies by sieving was 98.73% percent for GIT
and 99.22% for gills.[4] It has been demonstrated that sieving aids
in the elimination of undigested organic and inorganic contam-
inants and has been widely used for sediment samples. OEP is
a novel technique that uses the oleophilic qualities of plastics to
extract oil.[111] Since the oil will interfere with the FTIR spectrum
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Figure 3. General mechanism of degrading microplastics into monomers
through enzymatic process. Reproduced with permission.[113] Copyright
2021, Springer Nature.

of microplastics, the sample should be purified with 90% ethyl
alcohol following extraction.[112] However, OEP is rarely used.

5. Methods for Microplastic Remediation

Remediation strategies are essential to eliminate the hazardous
microplastic in the environment wherein removal technologies
seem to be a more workable route. Exploiting microbes is one
of the encouraging approaches for the remediation of microplas-
tic. Microbes are utilized for the degradation of microplastic and
called biodegradation process. Microorganisms such as algae,
fungi, and bacteria have sparked scientists’ interest as a potential
treatment for microplastics. Basically, the enzymatic processes
performed by microorganisms are intimately related to the break-
down of microplastics. Microorganism degrading enzymes can
selectively target the polymer structure of microplastics and de-
grade them into monomers, which then can be utilized as a car-
bon source in the microorganism energy production cycle as
shown in Figure 3.[113]

However, not all enzymes are able to degrade microplastics.
Enzyme including hydrolases (lipases, carboxylesterases, cuti-
nases, and proteases) were reported to be accountable in alter-
ing microplastic polymer surfaces prone to deterioration via sur-
face modification mechanisms and being called a surface modi-
fying enzyme.[114] This enzyme only improves the hydrophilicity
of the microplastic surface while not degrading the microplas-
tic’s building blocks. Several enzymes have been identified as
having the ability to breakdown polymers into monomers includ-
ing oxidases, amidases, laccases, hydrolases, and peroxidases.[115]

Table 2 tabulates several degrading enzymes for the specific types
of microplastic polymer. Meanwhile, Table 3 tabulates the meth-
ods reported by several countries including Malaysia to eliminate
hazardous microplastic. Auta et al.[116] have proposed biodegra-
dation of microplastic using bacterial isolated from mangrove
sediment in Peninsular Malaysia to reduce the environmental ef-
fect of microplastics. The result showed a positive impact when

Table 2. Degrading enzymes for the specific type of microplastic polymers.
Reproduced with permission.[113] Copyright 2021, Springer Nature.

Microplastic
polymer

Degrading enzyme Degradation mechanism

PE – Laccase and alkane hydrolase – Depolymerization followed by
mineralization

PET – PET degrading enzyme
(PETase) and Secondary
enzyme (MHETase)

– Abiotic and biotic degradation.

PS – Styrene monooxygenase,
styrene oxide isomerase, and
phenylacetaldehyde
dehydrogenase,

– Mineralization

PP – Insufficient information – No data reported.

some of the bacterial used could reduce the weight loss of the
investigated microplastic after 40 days. It is found that two iso-
lates bacterials of Bacillus cereus and Bacillus gottheilii were able
to degrade the microplastic materials of PE, PET, PP, and PS. B.
gottheilii had a better capability to breakdown a wide range of mi-
croplastics than B. cereus, indicating that they had the potential
to disintegrate when exposed to PP.

Individual isolates may differ in metabolic rate, polymer up-
take mechanism, and associated genetic modification, which
could explain the discrepancies in response to diverse microplas-
tics. B. gottheilii is a broad-spectrum bacterium with affinity for all
abovementioned types of microplastics studied. This bacterium
can destroy a variety of plastics. Such behavior proved that the
degradation of microplastic has practically occurred, hence ap-
pearing as a novel approach of green biodegradation for miti-
gation of microplastic in the environment. Also, this study can
reduce the use of chemical treatment, which is not an environ-
mentally friendly method. However, although bacteria species ca-
pable of degrading PP were mentioned in the study, no enzyme
was identified as part of the degradation mechanism. Other re-
search has been found in Malaysia wherein Hamzah et al.[99] has
modified the novel synthesized nano ferrofluid as an adsorbent
using several types of oil as carriers without stabilizing agents
or surfactants for microplastic removal via adsorption technique.
The prepared adsorbent was effective in eliminating microplas-
tic from laundry wastewater wherein 99 and 64% of microplastic
were successfully removed from simulated water media and ac-
tual laundry wastewater, respectively.

On the other hand, Estahbanati et al.[117] reported that the
combination of both separation and degradation processes are
amongst the promising approaches to treat microplastic in
wastewater treatment plants (WWTPs). Separation process in-
cludes filtration, coagulation, flocculation, electrocoagulation, air
flotation etc. Meanwhile degradation techniques including cat-
alytic degradation, photocatalytic degradation, and electro oxida-
tion. As reported, at least 90% of microplastics could be removed
using the separation techniques. The efficiency of using degra-
dation procedures is lower than that of separation processes, and
it can be as low as 50% (catalytic degradation). This combina-
tion technique is suitable for the treatment of microplastic at
WWTPs. Normally, during microplastic treatment, they undergo
primary, secondary, and sometimes tertiary stages in WWTPs.

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (10 of 20)
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Table 3. Summary on effective methods that might be suitable for microplastic removal in Malaysia.

Method Efficiency Type of plastic Advantages Origin References

Biodegradation Degradation microplastic
40 days

PE, PET, PP, PS – can reduce the use of chemical treatment Malaysia [116]

Adsorption > 99% PET – Novel synthesized adsorbent using oil as
carriers without stabilizing agents

Malaysia [99]

Separation/ degradation ≥90% separation and
≥50% degradation

Various
microplastics

– Highly efficient.-Can be operated in
WWTPs in various stages including
primary, secondary, and tertiary

Canada [117]

Coagulation 92 to 91.45% PE, PET – a magnetic coagulant containing of
magnesium hydroxide (MgOH)/ Iron
oxide (Fe3O4-)Aging time of coagulant
has no significant influence on removal
efficiency.-Coagulant aids enhanced the
effect of adsorption and sweep
flocculation.

China [119,120]

Electrocoagulation 96.5% PE – low operational costdiminishing both
COD and thermotolerant coliforms

China [122]

>90% PE, PMMA, PP
and CA

– Removal efficiency increased with
enhancement of electrolyte
concentration and applied voltage
density

China [123]

Convection by solar
energy

Utilize solar energy
effectively

Any nano/
microplastic

– Can remove plastic with free sunlight
without chemicals or filters

– Not require extra energy

China [129]

Thermodegradation and
biodegradation

Up to 98% carbon
conversion for
thermodegradation
process

PS, PET, PP – Biodegradation creates no secondary
pollutants produced and potential for a
large-scale industrial level using a
reactor system-Thermodegradation can
generate fuels, hence solving the
problem relating to the energy security.

China [130]

Bioremediation -Promising technique Any nano/
microplastic

– Bioremediation become effective in
WWTPs the presence of higher
eukaryotes (fungi).

Spain [131]

Air flotation 69-85% PE, PVC, PES
PE, PVC, PES

– pH of solution, size, and type of
microplastic are the main factors
influencing the removal efficiency of
microplastic.

China [132]

Low pressure membrane
process

>90% – Both ultrafiltration (UF) and
microfiltration (MF) provide low energy
requirements, compact plan size,
simplicity, and scalability are just a few
of the benefits of these processes

According to prior research findings, secondary treatment com-
monly eradicates microplastics larger than 20 μm.[118] Hence,
the tertiary stage should be capable of successfully eliminating
microplastics with a diameter of less than 20 μm. It can be in-
ferred that multiple secondary and tertiary treatment techniques
must be developed to treat diverse types and concentrations of
microplastics.

Besides, coagulation is one of the conventional methods that
can be used for microplastic treatment as well as can be mod-
ified for their best performance. A study has reported the re-
moval of 92% PE from wastewater via a modified coagulation
method using magnetic MgOH and polyacrylamide (PAM).[119]

This method can eliminate the microplastic in a wide range
of pH from 5–9, as well as an aging time of the coagulant in-

significantly affect the microplastic removal. Another research
by Zhang et al.[120] also showed an improvement in the coagu-
lation method when using coagulant aids such as anionic PAM,
sodium alginate (SA), and activated silicic. The result exhibits
that ≈91.45% of PET has been successfully extracted when using
PAC with a high dose of PAM. This coagulant enhanced the effect
of adsorption as well as sweeping the flocculation. Meanwhile,
electrocoagulation, an electrochemical method, provides a low-
cost three-stage wastewater treatment process that does not rely
on the chemicals or microbes used in standard activated sludge
processes.[121] This electrochemical technique has been utilized
for contaminants removal from water because of its environmen-
tal compatibility, cheap, energy efficiency, sludge minimization,
ease of automation, and cost-effectiveness. Electrocoagulation is

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (11 of 20)
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a complex process in which an electric field causes metal elec-
trodes to create cations forming micro coagulant. When collid-
ing with flocks, they are combined with suspended particles and
sink together. Then, the coagulant forms a sludge layer to retain
suspended solid particles.[122]About 96.5% of microplastic was ef-
fectively removed from natural wastewater using electrocoagula-
tion at low operational cost as well as diminishing both chemical
oxygen demand (COD) and thermotolerant coliforms.[122] Shen
et al.[123] also reported the removal of various microplastics such
as PE, PMMA, PP and CA with high extraction efficiency >90%
using electrocoagulation. This removal efficiency increased with
augmentation of electrolyte concentration and applied voltage
density.

Then, adsorption technique also has been a great potential in
eliminating microplastic using various types of adsorbent. Some
studies also highlight the use of antibiotics on microplastics ad-
sorption. For instance, Yu et al.[124] have reported the use of a
typical antibiotic of tetracycline (TC) as adsorbent tested on sev-
eral types of microplastics such as PE, PS, PVC, and PET of
various sizes. Isotherm fitting revealed that PE had the high-
est maximum adsorption capacity and coefficient, as well as the
strongest adsorption capacity, of the three microplastics stud-
ied: PE, PS, and PVC. Wang et al.[125] also proposed an effec-
tive magnesium/zinc (Mg/Zn) modified magnetic biochar adsor-
bents for the removal of microplastics. The removal efficiencies
of magnetic biochar (MBC), Mg modified magnetic biochar (Mg-
MBC), and Zn modified magnetic biochar (Zn-MBC) for PS mi-
crospheres (1 μm) in aqueous solution were 94.81%, 98.75%, and
99.46%, respectively. Electrostatic contact and chemical bond-
ing interaction between microplastics and biochar are believed
to induce the adsorption process. The adsorption capacity was
maintained after thermal regeneration wherein MBC (95.02%),
Mg-MBC (94.60%), and Zn-MBC (95.79%) have shown good
microplastic removal effectiveness even after five adsorption-
pyrolysis cycles.

Meanwhile, microbubble technique is a new insight that can
significantly increase flotation performance.[126] Factors such as
diameter of the microbubble, staying time, intense density, and
extreme interfacial area enhance the quality of flotation process
by increasing the collision effect on bubbles and particles. This
technique was widely utilized to remove extremely small par-
ticles from the water system including microplastic.[127,128] To
date, Wang et al.[129] have proposed a new strategy for more
sustainable microplastic removal, which is driven by solar en-
ergy. Throughout this method, sunlight was focused through
a glass ball with high power density, inducing convection and
forming a microbubble at the interface. During the convection
process, the microplastic was driven into the microbubble with-
out using any chemicals or filters. Additionally, this method is
simple that can consume free sunlight without needing addi-
tional energy sources or causing secondary pollution. Not only
that, Arpia et al.[130] have reviewed that thermodegradation and
biodegradation of microplastic appear as the sustainable routes
for microplastic degradation. Biodegradation can be a profitable
method since no secondary pollutants are produced and poten-
tially be applied at a large-scale industrial level using a reactor sys-
tem. However, this method needs physicochemical pretreatment
to crumble polymers into the monomers form. Concurrently, the
thermodegradation of microplastic can generate fuels, hence ca-

pable of solving the problem relating to energy security. Addi-
tionally, research is required to incorporate this technique with
the simulation program to optimize this approach.

According to Masia et al.,[131] bioremediation also has been
identified as a promising method for microplastic removal from
WWTPs. However, the possibility of microplastic bioremediation
in the WWTPs become effective in the presence of the higher
aquatic eukaryotes (fungi), which have low dispersion rates and
are manageable. Amongst the characteristics of higher eukary-
otes that are important to their usage in bioremediation including
the capture and elimination of microplastic should be high and
they should not be released to the environment. Second, species
should only be used within their native range, as geographical
transfers must be avoided for the sake of biodiversity conserva-
tion. Besides, species having a wider distribution, as well as eas-
ier control and management, would be preferable. As using a
species for WWTP treatments that being cultivated inside or near
treatment plants, containment techniques to prevent them from
releasing to the environment must be effective. Other potential
marine animals are seagrasses and macrophytes also appear to
be good possibilities, with some measures to keep species con-
trolled. On the other hand, Pramanik et al.[132] have examined the
air flotation, and membrane process as a proof-of-concept study
for the removal of microplastic. Fundamentally, flotation tech-
nique has been widely employed in municipal wastewater treat-
ment to remove ultra-fine and particulate, colloidal and greasy
emulsions. This process suspends particles to the liquid surface
to remove them from the liquid. Bubble creation, bubble attach-
ment, and solids separation are the three essential processes in
this method. It has a number of advantages over traditional filtra-
tion and precipitation procedures, including better water quality,
faster startup, and a higher operation rate.[133] According to Pra-
manik et al.,[132] the type of microplastics had a substantial im-
pact on the removal efficiency since different microplastic have
different levels of floatability. Such behavior is due to the different
density of microplastic. It was found that an air flotation was dis-
covered to be capable of removing 69-8%of PE, PVC, and PES.
The effectiveness of the air flotation system in removing these
plastic particles was determined by the pH of the solution as well
as size and type of the microplastics.

Besides, both MF and UF are low pressure membrane sepa-
ration categorized in tertiary treatment process that can control
microplastic pollution in effluent. Small particles or components
from various sources of wastewater can be rejected through-
out these two processes.[134] Advantageously, low energy require-
ments, compact plan size, simplicity, and scalability are just a few
of the benefits of these processes. The size of the particles was
discovered to have a substantial impact on their filterability. Ac-
cording to Pramanik et al.,[132] the pores of UF membranes were
substantially smaller than those of the MF membranes, there was
a higher removal of microplastics by UF than MF membrane. Re-
sults revealed that UF and MF could reduce microplastics up to
96% and 91%, respectively.

6. Challenges and Perspective for Plastic Pollution
Management in Malaysia

Plastics undergo fragmentation into microplastics and provide
hazardous threats in all life forms, including human beings. To
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Figure 4. Treatment methods practiced for waste management in
Malaysia. Reproduced with permission.[137,140] Copyright 2009, Elsevier,
Copyright 2013, Penerbit UTM.

date, numerous solutions are proposed to treat microplastic from
the environment which can be categorized into containment,
mitigation, and remediation.[130]

6.1. Containment Approach

The containment approach mainly focuses on recycling and
proper landfill management.[135] Chen et al.[40] have proposed a
model for plastic waste management in Malaysia using a concept
combining a circular economy introduced by Kirchherr et al.[136]

and an integrated solid waste management hierarchy. Amongst
recommendations identified for Malaysia include a comprehen-
sive data evaluation for current waste disposal methods and recy-
cling.

Figure 4 shows few treatment methods being practiced for
plastic waste management in Malaysia. Conventional landfilling
is the most superior method used in Malaysia due to the lowest
cost, and normally, sites used are open dumping areas.[137] Un-
fortunately, these areas have led to a severe impact on the envi-
ronment, such as contaminated surface water, groundwater and
soil since they are directly or indirectly in contact with this waste.
Also, once landfilled, this waste undergoes a series of physico-
chemical and biological revolutions, thus contaminating wastew-
ater with leachate. The leachate composition differs among land-
fills, predominantly affected by type of waste buried, degradation
phase, climate circumstances, features of landfill sites, socioeco-
nomic factors, and landfill technology.[138] This disposal method
greatly contaminates the river water with leachate.[139]

Not only that, compared to the urban areas, but mostly waste
collection in the rural areas is also not fully covered. Such a situ-
ation causes the waste to be omnipresent in the rural area, lead-
ing to serious environmental issues such as flooding, disease,
etc. Several efforts have been performed to improve the land-
fill system. According to Samsudin and Don,[140] higher tipping
fees should be charged to industries that sending their wastes
to landfill sites for disposal to increase the motivation on waste
minimization and sustain good landfill practices. Besides, com-
postable, biodegradable plastics can be grouped with the food
and organic wastes before being sent to composting facilities as a
green substitute for chemical fertilizers.[40] Also, to decrease the
environmental problems due to open dumping areas, engineered
landfills and sanitary landfills should be provided in Malaysia,
which comes with a full set of measures for methane gas control,
leachate treatment, and aftercare plan for landfills.[40,140]
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Figure 5. Total recycling rate of waste in Malaysia. Reproduced with
permission.[148] Copyright 2020, Sinar Harian.

As observed in Figure 4, there was no waste incineration prac-
ticed until 2006. According to Fazeli et al.,[141] the earlier usage
of unsanitary landfills might effectively reduce incineration and
concurrently generate energy comparable to the sum of fossil fu-
els. On the other hand, recycling, composting, incineration, in-
ert landfill, and sanitary landfill were targeted with high percent-
ages in 2020, which are 22,8,16.8, 9.1 and 44.1%, respectively. As
shown in Figure 5, the total recycling rate in Malaysia keep in-
creasing annually and reached above the target of 30.67% in 2020.
Through this survey, it can be revealed that most Malaysians
seem to be in lacking space at home for recycled materials. How-
ever, this percentage is still lower compared to the other devel-
oped countries such as Germany, United Kingdom, and Singa-
pore, with their recycling rate above 40%. A recycling rate of
40% is targeted by Scheduled waste cooperation (SWCorp) to be
achieved in Malaysia by 2025.[50]

Malaysia suffers a limitation in terms of recycling plastic,
which can recycle certain categories of plastic, namely PET, high-
density polyethylene (HDPE) and polypropylene (PP).[142] Re-
ferring to the National Solid Waste Management Department,
mechanical recycling is a common method to reproduce the
newly formed plastic while still maintaining its initial chemical
composition.[143] Although we can recycle the abovementioned
type of plastic, the local recycling industry only focuses on easily
retrievable and high-value plastics such as PET.[144] The low-grade
plastic used for food packaging is seldom recycled, hence causing
our landfills highly filled with this low quality plastic.

Wahab et al.[145] has carried out case studies associating with
the recycling trend of a recycling company in Malaysia. It is
found that almost 80% of local manufacturing companies con-
sumed recycled plastic materials due to cost savings, with 20%
of these companies performed in-house recycling. The recycled
materials were obtained from various sources, namely indus-
trial scrap, dumping sites, local producers and imported sources.
However, according to MPMA,[34] mostly the recycling compa-
nies in Malaysia prefer imported recycled plastic over the local
sources since they provide lower prices, large volume, homoge-
neous and guaranteed supply. In Malaysia, incineration of waste
is not highly recommended since the cost of waste conversion to
energy is not economical enough due to the high-level moisture
in waste in Malaysia.[141] A study has proposed a combination of
waste with the agricultural residue biomass during incineration
for higher efficiency.[146] Besides, not all plastic types are applica-
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ble for incineration, such as polyvinyl chloride and polystyrene,
since they can release toxic gas during the process.[147]

According to Chen et al.,[40] these types of plastic should be sep-
arated appropriately using an automatic sorting plant or manual
sorting using a workforce that can be costly. It is advised that the
government should focus on waste recovery via recycling meth-
ods while reducing the environmental problem caused by incin-
eration plants. Even though the containment strategy has a pos-
itive impact on reducing plastic contamination in the environ-
ment, it is still implausible to be the best solution.

6.2. Mitigation Strategy

Mitigation strategy focuses on the practice of regulations and leg-
islative measures. The mitigation’s goal is to enhance people’s
awareness of the harmful threat of microplastic. Some countries
have banned plastic bags, such as New Zealand (since 2019),
Thailand (since 2020) and India (next 2022).[144] For sustainable
development, the Malaysian government has introduced a plan
on “Malaysia’s Roadmap to Zero Single-Use Plastics” starting
from 2018 to 2030.[2]

Earlier in 2011, the Malaysian government has organized a
program “No-Plastic Bag Day” campaign each Saturday to dimin-
ish the ecological pollution from used plastic bags using a “mar-
ket” as an instrument to prevent consumers from using plastic
bags for items purchased. A levy of MYR0.20 was charged for
each new plastic bag demanded by customers during the pro-
gram. From the findings, it is observed that the participation of
consumers in the abovementioned program is moderate, with a
52.3% reduction, and the remaining 47.7% of consumers are will-
ing to pay the charges or tax for plastic bags.[149]

Data from ministry of energy, science, technology, environ-
ment and climate change (MESTECC)[144] showed that other few
states in Malaysia, namely Selangor, Kedah, Pulau Pinang and
Pahang, have organized a “No Plastic Bags” campaign to support
the country’s goal of having zero single-use plastics in future.
This effort will slowly create awareness among Malaysians if im-
plemented effectively compared with the countries that show a
positive impact when the reduction of plastic used higher than
50%, such as Denmark, Portugal and England.[150–152]

According to Chen et al.,[40] the Malaysian government re-
quires tougher implementation of regulations and extra hard
work to enhance environmental awareness and commitment
among Malaysians. In 2014, MPMA promoted the “Reduce,
Reuse and Recycle (3Rs)” program to enhance community con-
sciousness of plastic recycling. It is found that only 26% of par-
ticipation for reduction activities come from households, 20% in
reuse practice, while 29% take part in separation at source.[153]

Ting et al.[154] have applied the theory of planned behavior
(TPB) in exploring the reasons influencing Malaysians’ applica-
tion of the reducing, reuse and recycle (3Rs) idea in plastic usage.
This theory offers a well understanding of the correlation among
the determinants and the 3Rs’ target on plastic usage behavior
intention. Findings revealed an important and optimistic associ-
ation among attitude, habit, assisting situations and 3Rs behav-
ior. To effectively implement the 3Rs concept among Malaysians,
the recycling facilities in the residential areas must be increased.

Supporting rules from the government side are highly needed to
change Malaysian’s behavior.

Mei et al.[155] has carried out a case study on the environmental
awareness among Malaysians toward four categories: water pol-
lution, air pollution, waste management, and climate change. It
is found that most Malaysians are aware of water and air pollu-
tion, followed by solid waste management and climate change.
Also, Zen et al.[156] has conducted a case study associating with
the profiling background and revealed that most of the household
recyclers in Kuala Lumpur, Malaysia, come from well-educated
people with higher income earners, own houses and have excel-
lent knowledge of recycling. Conversely, the non-recyclers have a
lower education background, earn lower incomes, tenants in one-
storey houses with little knowledge of recycling. A similar obser-
vation was reported by Aminrad et al.,[157] who reported that the
higher education level makes students better understand the bad
effect of plastic consumption on environmental pollution. How-
ever, these findings contradict Hassan et al.,[158] who indicated
that even though the educated person is knowledgeable, it does
not increase their positive manners toward environmental con-
cerns.

Additionally, it is also found that female students possess high
positive behaviors compared to male students to reduce plastic
consumption. This is in line with the other studies that claimed
that women possess pro-environmental behavior compared to
men due to diverse patterns of socialization.[159,160] On the con-
trary, a study by Pakpour et al.[161] claimed that male students are
more concerned about the environment than female students.
However, a study revealed that there was an insignificant differ-
ence in the genders factor when concerning the environmental
issues.[157] Moh and Manaf[162] have surveyed awareness of waste
separation among Malaysian households in Johor, Malaysia. It is
found that 36.46% have heard of it and support this while 36.54%
of them just know about this matter only through this survey.
Those who just heard about this should be turned into commit-
ted recyclers using awareness campaigns. Through this survey, it
can be revealed that most Malaysians seem to lack space at home
for recycled materials. Omran et al.[163] mentioned that circum-
stances of the physical environments are also one of the critical
factors in recycling behavior.

According to Chen et al.,[40] Malaysia should have a strict im-
plementation in the waste separation for the household group.
Among them are keeping the residents aware of the regulations
and opportunities for recycling, integrating housing developers
into the governance structure, proper signage in housing areas,
providing suitable disposal bins, and executing non-compliance
with penalties. This strategy also helps reduce microplastic pollu-
tion but is ineffective for microplastics that come from properly
disposed of waste.[164]

6.3. Remediation Strategy

In terms of remediation, microplastics are currently not included
in the treatment scope of sewage treatment plants, and research
into the treatment efficiency of microplastics is still in its early
stages. Although microplastics can be removed in a sewage treat-
ment plant using existing treatment methods, some microplas-
tics can still bypass the treatment plant and reach the aquatic en-
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vironment. As observed, there are not many approaches reported
by Malaysian researchers regarding microplastic remediation. In
terms of the wastewater treatment plant, tertiary treatment needs
to be improved to reduce the amount of microplastics in the final
effluent being released to the environment. Estahbanati et al.[117]

reported that the combination of both separation and degrada-
tion processes are amongst the promising approaches to treat
microplastic in WWTPs for the secondary and tertiary stages of
treatment. The main challenge for microplastic pollution is im-
proving tertiary wastewater treatment, particularly the filtering
process. Ozone, quicksand filtration, reverse osmosis, dissolved
air flotation, and membrane bioreactors are some of the wastewa-
ter treatment solutions offered.[165,166] For sludge production, ox-
idation and decomposition treatments have been recommended
to free trapped microplastics.[165]

7. Green Strategies on Microplastic Reduction

Several strategies can be conducted to achieve a green environ-
ment with lower amount of microplastics waste. Initially, mea-
sures focusing on the reduction of plastic waste at the industrial
level are necessary. For instance, eco-designing schemes can be
applied to change the existing method plastics being manufac-
tured with the aim of reduction or prevention and reuse that in-
volves a delicate mix of rules and incentives. Other alternatives
are the development of plastics that are devoid of harmful com-
pounds, use of alternative materials, or the expansion of long-
lasting plastics.[167–169] Meanwhile, prohibiting the use of certain
single-use plastics such as bags, food packaging, bottles, and con-
tainers that are only used once before being discarded can be ap-
plied by several governments around the world to reduce the plas-
tic pollution in the ocean.[170] Also, recycled plastic market need
to be supported with several initiatives such as imposing taxes on
the usage of single plastics, create awareness regarding the envi-
ronmental benefits of recycled plastics as well as incentivizing
the manufacture of recycled plastics.[171] Besides that, the intro-
duction of new bioplastic materials and biodegradable plastic that
meet the same requirements with the existing bioplastics with a
lower environmental impact is highly needed.[172] The bioplastic
made from biomass resources is capable of boosting resource ef-
ficiency using biomass material, conserving fossil-fuel resources,
reducing greenhouse gas emissions and carbon footprint, as well
as minimizing the total production costs.[172,173] These bioplastics
are commonly used for pharmaceutical components, medication
capsules, household appliance, and agricultural products.[173]

8. Conclusions

An environmental problem caused by microplastics contamina-
tion is unceasingly occurred and might put Malaysia in a crit-
ical state without proper countermeasures. Microplastic pollu-
tion have been reported in Malaysia via ingestion of benthic or-
ganisms, surface water and sedimentation. However, the num-
ber of research efforts seemed to be relatively high toward ma-
rine, while freshwater, lakes, and reservoirs have received much
less research attention. Further research should focus on the
freshwater and terrestrial ecosystems to provide better insight on
the sources, abundance, and distribution of microplastics. Even

though the ingestion of microplastics has been reported in a vari-
ety of animals taken from aquatic environments, there is little in-
formation in the literature on the intake of microplastics through
trophic interactions, and the long-term impacts of trophic trans-
fer are mostly unclear. Therefore, field and laboratory research
must be done to comprehend the effects of microplastics trans-
fer at trophic levels in Malaysia. The toxicity of microplastics
to aquatic organisms is unknown, however prior research has
shown that the abundance of microplastics in aquatic organisms
is not high enough to have a hazardous effect. It is possible that
the additives that microplastics contain constitute a bigger threat.
Considering the impacts and interactions of microplastics and
chemicals, it is necessary to put an emphasis on addressing the
ecotoxicological risks of microplastics in future. Besides, more
study is needed to understand how microplastics interact with
metals and organic contaminants for a better estimation of the
risk posed by microplastics. It is crucial to have a deeper under-
standing of microplastic pollution in the aquatic environment.
On the other hand, research on the treatment of microplastic
has been extremely limited in Malaysia. To avoid risks to hu-
man health, it is necessary to evaluate and enhance the treat-
ment processes for eliminating microplastics from contaminated
water. The current issue that must be solved is developing the
technology to legislate contamination due to the complex mix-
ture of various microplastic with other contaminants. In terms
of knowledge, technology, and resources, initiatives to establish
networks of scientists and carry out intense in-country trainings
or workshops can further contribute and can promote efficient
approaches to develop the microplastic research in the future.
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[37] K. Jędruchniewicz, Y. S. Ok, P. Oleszczuk, J. Hazard. Mater. 2021,
417, 125938.

[38] The Star, Tackling increasing plastics pollution in Malaysia,
https://www.thestar.com.my/opinion/letters/2021/03/16/tackling-
increasing-plastics-pollution-in-malaysia (accessed: June 2022).

[39] Y. Liang, Q. Tan, Q. Song, J. Li, Waste Manage. 2021, 119, 242.
[40] H. L. Chen, T. P. Nath, S. Chong, V. Foo, C. Gibbins, A. M. Lechner,

SN Appl Sci 2021, 3, 437.
[41] J. Heiges, K. O’Neill, J Clean Prod 2022, 378, 134367.
[42] C. Lin, P. Paengsri, Y. Yang, Econ Anal Policy 2023, 78, 887.
[43] Y. Pu, G. Wu, B. Tang, L. Xu, B. Wang, Resour. Conserv. Recy. 2019,

151, 104445.
[44] C. Zhao, M. Liu, H. Du, Y. Gong, Sustainability 2021, 13, 3662.
[45] Ellen MacArthur Foundation, The New Plastics Econ-

omy: Catalysing action (2017), New Plastic Economy,
https://ellenmacarthurfoundation.org/the-new-plastics-economy-
catalysing-action (accessed: June 2022).

[46] World Bank Group 2021. Market Study for Malaysia: Plastics Circu-
larity Opportunities and Barriers. Marine Plastics Series, East Asia
and Pacific Region. Washington D. https://documents1.worldbank.
org/curated/en/272471616512761862/pdf/Market-Study-for-
Malaysia-Plastics-Circularity-Opportunities-and-Barriers.pdf ,
(accesed: June, 2022).

[47] J. R. Jambeck, R. Geyer, C. Wilcox, T. R. Siegler, M. Perryman, A.
Andrady, R. Narayan, K. L. Law, Science 2015, 347, 768.

[48] S. T. Anuar, N. S. Abdullah, N. K. E. M. Yahya, T. T. Chin, K. M. K. K.
Yusof, Y. Mohamad, A. A. Azmi, M. Jaafar, N. Mohamad, W. M. A.
W. M. Khalik, Y. S. Ibrahim, Environ. Res. 2023, 227, 115717.

[49] J. Wang, X. Guo, J. Xue, Environ. Sci. Technol. 2021, 55, 12780.
[50] The Star, Malaysians named as Asia’s worst plastic polluters, https:

//www.thestar.com.my/news/regional/2020/02/18/malaysians-
named-as-asia039s-worst-plastic-polluters (accesed: June, 2022).

[51] L. A. Ghani, J. Saputra, Z. Muhammad, I. Zulkarnaen, T. Alfiady, Int.
J. Adv. Sci. Technol. 2020, 29, 1675.

[52] S. Suratman, N. H. C. Zan, A. A. Aziz, N. M. Tahir, Sains Malays.
2017, 46, 859.

[53] M. Kumar, X. Xiong, M. He, D. C. W. Tsang, J. Gupta, E. Khan, S.
Harrad, D. Hou, Y. S. Ok, N. S. Bolan, Environ. Pollut. 2020, 265,
114980.

[54] M. Jang, W. J. Shim, Y. Cho, G. M. Han, Y. K. Song, S. H. Hong, Water
Res. 2020, 171, 115400.

[55] S. H. Fauziah, I. A. Liyana, P. Agamuthu, Waste Manage. Res. 2015,
33, 812.

[56] S. M. Praveena, S. N. M. Shaifuddin, S. Akizuki, Mar. Pollut. Bull.
2018, 136, 135.

[57] Y. S. Ibrahim, A. Azzura Azmi, S. Abdul Shukor, T. Anuar, S. Aishah
Abdullah, Middle East J. Sci. Res. 2016, 24, 2129.

[58] Y. S. Ibrahim, R. Rathnam, S. T. Anuar, W. M. A. W. M. Khalik, Malays.
J. Anal. Sci. 2017, 21, 1054.

[59] S. R. Hamzah, R. S. Altrawneh, S. T. Anuar, W. M. A. W. M.
Khalik, P. Kolandhasamy, Y. S. Ibrahim, Mar. Pollut. Bull. 2021, 170,
112617.

[60] Z. D. Taha, R. Md Amin, S. T. Anuar, A. A. A. Nasser, E. S. Sohaimi,
Sci. Total Environ. 2021, 786, 147466.

[61] S. Karbalaei, A. Golieskardi, H. Hamzah, S. A. Wahid, P. Hanachi, T.
R. Walker, A. Karami, Mar. Pollut. Bull. 2019, 148, 5.

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (16 of 20)

 20566646, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/gch2.202300047 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



www.advancedsciencenews.com www.global-challenges.com

[62] A. Karami, A. Golieskardi, Y. B. Ho, V. Larat, B. Salamatinia, Sci. Rep.
2017, 7, 5473.

[63] A. Karami, A. Golieskardi, C. K. Choo, V. Larat, S. Karbalaei, B.
Salamatinia, Sci. Total Environ. 2018, 612, 1380.

[64] A. Karami, A. Golieskardi, C. K. Choo, V. Larat, T. S. Galloway, B.
Salamatinia, Sci. Rep. 2017, 7, 46173.

[65] M. Chelsea, A. R. Roni, N. C. Madeleine Smith, D. Love, Curr Environ
Health Rep. 2018, 5, 375.

[66] M. Padervand, E. Lichtfouse, D. Robert, C. Wang, Environ. Chem.
Lett. 2020, 18, 807.

[67] K. James, V. Kripa, G. Vineetha, S. Padua, R. Parvathy, R. Lavanya, R.
V. Joseph, K. S. Abhilash, A. Babu, S. John, Reg Stud Mar Sci 2023,
62, 102948.

[68] L. Cáceres-Farias, M. M. Espinoza-Vera, J. Orós, M. A. Garcia-
Bereguiain, A. Alfaro-Núñez, Heliyon 2023, 9, e16452.

[69] M. A. Nakisah, A. H. Faizah, Z. D. Setiu Taha, R. M. Amin, S. T.
Anuar, A. A. A. Nasser, E. S. Sohaimi, Sci. Tot. Environ. 2021, 786,
147466.

[70] K. Ugwu, A. Herrera, M. Gómez, Mar. Pollut. Bull. 2021, 169, 112540.
[71] O. A. Iwalaye, G. K. Moodley, D. V. Robertson-Andersson, Nat., En-

viron. Pollut. Technol. 2020, 19, 1811.
[72] A. Parsaeimehr, C. M. Miller, G. Ozbay, Heliyon 2023, 9, e15104.
[73] S. Fan, Z. Yan, L. Qiao, F. Gui, T. Li, Q. Yang, X. Zhang, C. Ren, Mar.

Environ. Res. 2023, 185, 105875.
[74] R. Md Amin, E. S. Sohaimi, S. T. Anuar, Z. Bachok, Mar. Pollut. Bull.

2020, 150, 110616.
[75] C. D. M. Lima, M. Melo Júnior, S. H. L. Schwamborna, F. Kessler, L.

A. Oliveira, B. P. Ferreira, G. Mugrabe, J. Frias, S. Neumann-Leitão,
Environ. Pollut. 2023, 322, 121072.

[76] P. Goswami, N. Selvakumar, P. Verma, M. Saha, V. Suneel, N. V.
Vinithkumar, G. Dharani, C. Rathore, J. Nayak, Sci. Total Environ.
2023, 864, 160876.

[77] N. Jaafar, A. Azfaralariff, S. M. Musa, M. Mohamed, A. H. Yusoff, M.
Lazim, Sci. Total Environ. 2021, 799, 149457.

[78] X. Zhu, L. Qiang, H. Shi, J. Cheng, Mar. Pollut. Bull. 2020, 154,
111079.

[79] M. Parolini, M. Stucchi, R. Ambrosini, A. Romano, Ecol Indic 2023,
149, 110179.

[80] F. Mihai, S. Gündogdu, L. A. Markley, A. Olivelli, F. R. Khan, C.
Gwinnett, J. Gutberlet, N. Reyna-Bensusan, P. Llanquileo-Melgarejo,
C. Meidiana, S. Elagroudy, V. Ishchenko, S. Penney, Z. Lenkiewicz,
M. Molinos-Senante, Sustainability 2022, 14, 20.

[81] M. J. M. Husin, N. Mazlan, J. Shalom, S. N. Saud, M. S. A. Sani,
Environ. Sci. Pollut. Res. 2021, 28, 61592.

[82] M. R. M. Zaki, P. X. Ying, A. H. Zainuddin, M. R. Razak, A. Z. Aris,
Environ. Geochem. Health 2021, 43, 3733.

[83] Y. S. Ibrahim, S. R. Hamzah, W. M. A. W. M. Khalik, K. M. K. Yusof,
S. T. Anuar, Sci. Total Environ. 2021, 788, 147809.

[84] H. S. Auta, C. U. Emenike, S. H. Fauziah, Environ. Int. 2017, 102,
165.

[85] D. D. Cham, N. T. Son, N. Q. Minh, N. T. Thanh, T. T. Dung, Civ. Eng.
J. 2020, 6, 1.

[86] J. Li, H. Liu, J. P. Chen, Water Res. 2018, 137, 362.
[87] T. Y. Hwi, Y. S. Ibrahim, W. M. A. W. M. Khalik, Sains Malays. 2020,

49, 1479.
[88] A. Pariatamby, F. S. Hamid, M. S. Bhatti, N. Anuar, J. Eng. Technol.

Sci. 2020, 52, 222.
[89] W. M. A. W. M. Khalik, Y. S. Ibrahim, S. T. Anuar, S. Govindasamy,

N. F. Baharuddin, Mar. Pollut. Bull. 2018, 135, 451.
[90] S. Sarijan, S. Azman, M. I. M. Said, Y. Andu, N. F. Zon, MATEC Web.

Conf. 2018, 250, 06012.
[91] N. H. Suardy, N. A. Tahrim, S. Ramli, Sains Malays. 2020, 49, 2237.
[92] A. Hamza, M. A. M. Khir, M. U. Rusli, Y. S. Ibrahim, J. Green Eng.

2020, 10, 5712.

[93] V. J. Noik, P. M. Tuah, I. O. P. Conf. Ser.: Mater. Sci. Eng. 2015, 78,
012035.

[94] W. S. Choong, T. Hadibarata, K. H. D. Tang, Biointerface Res. Appl.
Chem. 2021, 11, 11700.

[95] J. Barasarathi, P. Agamuthu, C. U. Emenike, S. H. Fauziah, Science
and Technology 2014, 5, 18.

[96] N. A. C. Welden, P. R. Cowie, Environ. Pollut. 2016, 214, 859.
[97] K. W. Lee, W. J. Shim, O. Y. Kwon, J. H. Kang, Environ. Sci. Technol.

2013, 47, 11278.
[98] S. Abbasi, N. Soltani, B. Keshavarzi, F. Moore, A. Turner, M.

Hassanaghaei, Chemosphere 2018, 205, 80.
[99] S. Hamzah, L. Y. Ying, A. A. A. Azmi, N. A. Razali, N. H. H. Hairom,

N. A. Mohamad, M. H. C. Harun, J. Environ. Chem. Eng. 2021, 9,
105894.

[100] Löder, M. G. J., Gerdts, G., 2015. in Marine Anthropogenic Litter,
Springer, 201.

[101] V. Hidalgo-Ruz, L. Gutow, R. C. Thompson, M. Thiel, Sci. Technol.
2012, 46, 3060.

[102] S. L. Wright, R. C. Thompson, T. S. Galloway, Environ. Pollut. 2013,
178, 483.

[103] Y. C. Jang, J. Lee, S. Hong, J. S. Lee, W. J. Shim, Y. K. Song, Ocean
Sci. J. 2014, 49, 151.

[104] X. Li, Y. Chen, S. Zhang, Y. Dong, Q. Pang, I. Lynch, C. Xie, Z. Guo,
P. Zhang, Ecotoxicol. Environ. Saf. 2023, 251, 114564.

[105] W. S. Choong, T. Hadibarata, A. Yuniarto, K. H. D. Tang, F. Abdullah,
M. Syafrudin, D. A. Al Farraj, A. M. Al-Mohaimeed, Mar. Pollut. Bull.
2021, 172, 112880.

[106] S. M. Praveena, M. S. Asmawi, J. L. W. Chyi, Environ Sci 2021,
2818518.

[107] A. Graziano, S. Jaffer, M. Sain, J. Elastomers Plast. 2019, 51, 291.
[108] J. Charles, G. R. Ramkumaar, S. Azhagiri, S. E. Gunasekaran, J.

Chem. 2009, 6, 23.
[109] J. Sun, X. Dai, Q. Wang, M. Loosdrecht, B. Ni, Water Res. 2019, 152,

21.
[110] X. Li, L. Chen, Y. Ji, M. Li, B. Dong, G. Qian, J. Zhou, X. Dai, Water

Res 2020, 171, 115379.
[111] A. Crew, I. Gregory-Eaves, A. Ricciardi, Environ. Pollut. 2020, 260,

113994.
[112] E. M. Crichton, M. Noel, E. A. Gies, P. S. Ross, Anal Methods 2017,

9, 1419.
[113] A. R. Othman, H. A. Hasan, M. H. Muhamad, N. Ismail, S. R. S.

Abdullah, Environ. Chem. Lett. 2021, 19, 3057.
[114] F. Kawai, T. Kawabata, M. Oda, Appl. Microbiol. Biotechnol. 2019, 103,

4253.
[115] L. D. Gómez-Méndez, D. A. Moreno-Bayona, R. A. Poutou-Piñales,

J. C. Salcedo-Reyes, A. M. Pedroza-Rodrı´guez, A. Vargas, J. M.
Bogoya, PLoS One 2018, 13, e0203786.

[116] H. S. Auta, C. U. Emenike, S. H. Fauziah, Environ Pollut 2017, 231,
1552.

[117] M. R. K. Estahbanati, M. Kiendrebeogo, A. K. Mostafazadeh,
P. Drogui, R. D. Tyagi, Mar. Pollut. Bull. 2021, 168,
112374.

[118] Y. Zhang, A. Diehl, A. Lewandowski, K. Gopalakrishnan, T. Baker,
Sci. Total Environ. 2020, 720, 137383.

[119] Y. Zhang, J. Zhao, Z. Liu, S. Tian, J. Lu, R. Mu, H. Yuan, J. Water Proc.
Eng. 2021, 43, 102250.

[120] Y. Zhang, G. Zhou, J. Yue, X. Xing, Z. Yang, X. Wang, Q. Wang, J.
Zhang, Sci. Total Environ. 2021, 800, 149589.

[121] M. Luo, Z. Wang, S. Fang, B. Song, P. Cao, H. Liu, Y. Yang, Chemo-
sphere 2022, 308, 136309.

[122] D. Elkhatib, V. Oyanedel-Craver, E. Carissimi, Sep. Purif. Technol.
2021, 276, 118877.

[123] M. Shen, Y. Zhang, E. Almatrafi, T. Hu, C. Zhou, B. Song, Z. Zeng,
G. Zeng, Chem. Eng. J. 2022, 428, 131161.

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (17 of 20)

 20566646, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/gch2.202300047 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



www.advancedsciencenews.com www.global-challenges.com

[124] F. Yu, C. Yang, G. Huang, T. Zhou, Y. Zhao, J. Ma, Sci. Total Environ.
2020, 721, 137729.

[125] J. Wang, C. Sun, Q. Huang, Y. Chi, J. Yan, J. Hazard. Mater. 2021,
419, 126486.

[126] G. Z. Kyzas, A. C. Mitropoulos, K. A. Matis, Processes 2021, 9,
1287.

[127] M. Priyanka, M. P. Saravanakumar, J Clean Prod 2022, 334, 130198.
[128] B. Swart, A. Pihlajamäki, Y. M. John Chew, J. Wenk, Chem. Eng. J.

2022, 349, 137866.
[129] P. Wang, Z. Huang, S. Chen, M. Jing, Z. Gee, J. Chen, S. Yang, Y.

Fang, Chem. Eng. J. 2022, 428, 131196.
[130] A. A. Arpia, W. S. Chen, A. T. Ubando, S. R. Naqvi, A. B. Culaba, J.

Hazard. Mater. 2021, 418, 126381.
[131] P. Masiá, D. Sol, A. Ardura, A. Laca, Y. J. Borrella, E. Dopico, G.

Machado-Schiaffino, M. Diaz, E. Garcia-Vazqueza, Mar. Pollut. Bull.
2020, 156, 111252.

[132] B. K. Pramanik, S. K. Pramanik, S. Monira, Chemosphere 2021, 282,
131053.

[133] H. Wang, Y. Zhang, C. Wang, Sep. Purif. Technol. 2019, 226, 75.
[134] B. K. Pramanik, F. A. Roddick, L. Fan, J. Membr. Sci. 2015, 496, 125.
[135] P. He, L. Chen, L. Shao, H. Zhang, F. Lu, Wat. Res. 2019, 159, 38.
[136] J. Kirchherr, L. Piscicelli, R. Bour, E. Kostense-Smit, J. Muller, A.

Huibrechtse-Truijens, M. Hekkert, Ecol Econ 2018, 150, 264.
[137] L. A. Manaf, M. A. A. Samah, N. I. M. Zukki, Waste Manage. 2009,

29, 2902.
[138] A. L. P. Silva, J. C. Prata, A. C. Duarte, A. M. V. M. Soares, D. Barcelo,

T. Rocha-Santos, Case Studies in Chem. Environ. Eng. 2021, 3, 100072.
[139] N. Azlina, Data explorer in Asia: Estimated Solid Waste Gener-

ation In Malaysia By Year, https://dataportal.asia/ms/dataset/
192510715_anggaran-penjanaan-sisa-pepejal-di-malaysia-pada-
tahun-2012-2017 (accessed: June 2022).

[140] M. D. M. Samsudin, M. M. Don, Jurnal Teknologi (Sciences & Engi-
neering) 2013, 62, 95.

[141] A. Fazeli, F. Bakhtvar, L. Jahanshaloo, N. A. C. Sidik, A. E. Bayat,
Renew Sustain Energy Rev 2016, 58, 1007.

[142] Conserve Energy Future, What is Plastic Recycling and
How to Recycle Plastic, https://www.conserve-energy-
future.com/RecyclingPlastic.php?fbclid=IwAR1JZFf1FJ_
mkDWRYop5SvRfDYhfdQGZAAA1Ecqzdoq2lAI8VLX3q0nyIAw
(accessed: June 2022).

[143] Europian Bioplastic, Mechanical Recycling, Marienstraße, Berlin
2020.

[144] Ministry of Education, Malaysia’s roadmap towards zero - single-
use plastics, https://www.moe.gov.my/images/KPM/UKK/2019/
06_Jun/Malaysia-Roadmap-Towards-Zero-Single-Use-Plastics-
2018-2030.pdf (accessed: June 2022).

[145] D. A. Wahab, A. Abidin, C. H. Azhari, J. Appl. Sci. 2007, 7, 1030.
[146] A. A. Rentizelas, A. I. Tolis, I. P. Tatsiopoulos, Waste Manag. 2014,

34, 36.
[147] R. Verma, K. Vinoda, M. Papireddy, A. Gowda, Proced. Environm. Sci.

2016, 35, 701.

[148] Sinar Harian, SWCorp tingkat sasaran kadar kitar semula 40
peratus menjelang 2025, https://www.sinarharian.com.my/article/
94849/EDISI/Selangor-KL/SWCorp-tingkat-sasaran-kadar-kitar-
semula-40-peratus-menjelang-2025 (accessed: June 2022).

[149] S. Asmuni, N. B. Hussin, J. M. Khalili, Z. M. Zain, Procedia. Soc.
Behav. Sci. 2015, 168, 328.

[150] Green Budget Europe, Fact sheet: Tax on plastic bags, https://green-
budget.eu/wp-content/uploads/Tax-on-plastic-bags_FINAL.pdf
(accessed: June 2022).

[151] G. Martinho, N. Balaia, A. Pires, Waste Manage. 2017, 61, 3.
[152] Juliette Jowit, Drop in plastic bags littering British seas linked to

introduction of 5p charge, The Guardian, https://www.theguardian.
com/environment/2018/apr/05/drop-in-plastic-bags-littering-
british-seas-linked-to-introduction-of-5p-charge (accessed: June
2022).

[153] M. Ahmadi, Adv. Recyc. Waste Manag. 2017, 2, 1.
[154] L. C. Ting, K. Moorthy, C. Y. Mei, F. P. Yin, W. Z. Ying, C. W. Khong,

G. Z. Chern, T. Z. Lin, Heliyon 2020, 6, e05805.
[155] N. S. Mei, C. W. Wai, R. Ahamad, Procedia. Soc. Behav. Sci. 2016, 222,

668.
[156] I. S. Zen, Z. Z. Noor, R. O. Yusuf, Habitat Int. 2014, 42, 83.
[157] Z. Aminrad, M. Azizi, M. Wahab, R. Haron, M. Nawawi, Environ. Asia

2010, 3, 1.
[158] S. N. M. S. Hasan, R. Harun, L. K. Hock, Procedia Environ. Sci. 2015,

30, 195.
[159] M. A. Vicente-Molina, A. Fernández-Sáinz, J. Izagirre-Olaizola, J.

Clean. Product. 2013, 61, 130.
[160] J. D. Hutcherson, Degree of Doctor of Education thesis, Western Car-

olina University, 2013.
[161] A. H. Pakpour, I. M. Zeidi, M. M. Emamjomeh, S. Asedzadeh, H.

Pearson, Waste Manage. 2014, 34, 980.
[162] Y. C. Moh, L. A. Manaf, Resour. Conserv. Recycl. 2017, 116, 1.
[163] A. Omran, A. Mahmood, H. Abdul Aziz, G. M. Robinson, Int J Envi-

ron Res 2009, 3, 275.
[164] F. Yuan, H. Zhao, H. Sun, Y. Sun, J. Zhao, T. Xia, J Environ Manage

2022, 301, 113793.
[165] D. Sol, A. Laca, M. Días, Sci. Total Environ. 2020, 740, 140016.
[166] Z. Zhang, Y. Chen, Chem. Eng. J. 2020, 382, 122955.
[167] M. Calero, V. Godoy, L. Quesada, M. A. Martín-Lara, Curr Opin Green

Sustain Chem 2021, 28, 100442.
[168] L. Copello de Souza, Initiatives to Reduce the Productionand Con-

sumption of Plastics, Spotlights on the Sustainable Development
2019. https://www.2030spotlight.org/sites/default/files/spot2019/
Spotlight_Innenteil_2019_web_sdg12.pdf (accessed: June 2022).

[169] J. N. Hahladakis, C. A. Velis, R. Weber, E. Iacovidou, P. Purnell, J.
Hazard. Mater. 2018, 344, 179.

[170] Y. Deng, J. Zhang, C. Zhang, Z. Ding, C. Hao, L. An, The Handbook
of Environmental Chemistry, Springer, Cham 2020, 95, p. 447.

[171] F. Gu, J. Wang, J. Guo, Y. Fan, Int Rev Econ 2020, 68, 167.
[172] M. K. Marichelvam, M. Jawaid, M. Asim, Fiber 2019, 7, 32.
[173] R. Muthuraj, T. Mekonnen, Polymer 2018, 145, 348.

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (18 of 20)

 20566646, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/gch2.202300047 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



www.advancedsciencenews.com www.global-challenges.com

Raja Norimie Raja Sulaiman have obtained both her Doctor of Philosophy and Master in Engineer-
ing (Chemical) from Universiti Teknologi Malaysia (UTM). Meanwhile, she received a Bachelor of
Science (Chemistry) from Universiti Sains Malaysia (USM). She has been working as a postdoctoral
researcher for 3 years at UTM starting July 2019 until June 2022. Her main expertise is wastewater
treatment using membrane separation for removal and recovery of metals and organic compounds.

Aznizam bin Abu Bakar is an Associate Professor in School of Chemical and Energy Engineering, Fac-
ulty of Engineering, Universiti Teknologi Malaysia (UTM). He joined as a tutor in the Polymer Engi-
neering Department, Universiti Teknologi Malaysia in 1992. In 1995, he completed his MSc. in Poly-
mer Science and Technology, UMIST, UK and became the lecturer in the same department. In 2001, he
pursued his PhD at the UTM, in the Polymer Engineering Department. His PhD work focused on the
development of Oil Palm Empty Fruit Bunch Filled-Impact Modified Poly (vinyl chloride) composites.

Norzita Ngadi is an Associate Professor in School of Chemical and Energy Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia (UTM), where she has been a faculty member since 1999.
She received her Ph.D. degree from University of Canterbury, New Zealand in 2010. She obtained her
M. Eng in Chemical Engineering from UTM in 2002, after completion of her undergraduate study in
Universiti Sains Malaysia. Her research interest includes wastewater treatment, catalytic reaction,
renewable fuel and surface coating. She has published over 180 articles in journals and conference
papers.

Izzat Naim Shamsul Kahar earned his bachelor’s degree in chemical engineering from Universiti
Teknologi Malaysia. He is currently pursuing his PhD at the Faculty of Chemical and Energy Engi-
neering at the same institution. His research focuses on various aspects of chemical engineering,
optimization, resource recovery, as well as waste and wastewater treatment. In particular, his ongo-
ing research involves the recovery of valuable metals from electronic waste. With his keen interest in
maximizing resource utilization and addressing environmental concerns, his work aims to develop
sustainable solutions for recovering valuable metals from electronic waste.

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (19 of 20)

 20566646, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/gch2.202300047 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



www.advancedsciencenews.com www.global-challenges.com

Abu Hassan has started his career as a lecturer in the Faculty of Applied Sciences at Universiti
Teknologi MARA, Perlis, since 2022. Currently, he is also appointed as a postdoctoral fellow at Univer-
siti Malaysia Kelantan. He graduated with a Bachelor of Chemical Engineering from Universiti Putra
Malaysia (2016), a Master of Philosophy in Environmental Engineering (2019), and a Doctor of Philos-
ophy in Chemical Engineering (2023) from Universiti Teknologi Malaysia. His research expertise is in
wastewater treatment, surface functionalization and modification.

Muhammad Ikram obtained his PhD degree in Physics from Department of Physics, Government Col-
lege University (GCU) Lahore through Pak-US joint project between Department of Physics, GCU La-
hore, Pakistan and University of Delaware, USA in 2015. In 2017, Ikram joined Department of Physics,
GC University Lahore as Assistant Professor Physics. Ikram published over 200 manuscripts in in-
ternational well reputed journal, 17 book chapters and four international books. Ikram received Seal
of Excellence Marie Skłodowska-Curie Individual Fellowship in 2017 and 2020. His research work
involves the synthesis and characterization of binary and ternary doped inorganic semiconductor
nanomaterials, 2D materials for water treatment and optoelectronic applications.

Walid Nabgan obtained his education at the Universiti Teknologi Malaysia (UTM). He is an active
member of the Institute of Future Energy (IFE), which focuses on hydrogen production from renew-
able sources. He was a postdoctoral researcher at the Research Institute of the Petroleum Industry
(RIPI) in Iran from April 2017 to April 2018. Then, he joined the postdoctoral programme at the Uni-
versiti Teknologi Malaysia from July 2019 to June 2022. He is currently working as a postdoctoral re-
searcher at the Universitat Rovira i Virgili (July 2022 to present).

Global Challenges. 2023, 7, 2300047 © 2023 The Authors. Global Challenges published by Wiley-VCH GmbH2300047 (20 of 20)

 20566646, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/gch2.202300047 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


