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Abstract 
Microplastics (MPs) are widespread and infiltrate the environment through unregulated use in diverse industrial processes such as 
the manufacturing of cleaning products, cosmetics, fertilizers, and pharmaceuticals, as well as from the degradation of larger plastic 
items. Due to this ubiquitous nature, combined with the fact that MPs possess the capacity for biomagnification within the food 
chain, MPs may constitute a major threat to human health. Hence, the scientific community and regulatory authorities are 
increasingly focusing their attention on this issue, leading to continuous developments in both legislation and the scientific 
literature concerning MPs. The review aims to provide an overview of the state-of-the-art occurrences of MPs, identification, 
detection, and quantification of MPs, degradation of MPs, and health effects of MPs from the perspective of Malaysia. A brief 
overview of the latest scientific research and recent developments on MPs (until the year 2024) will provide insights into the 
current understanding of MPs and their health implications. Furthermore, this review will serve as a valuable reference for further 
studies related to MPs in Malaysia and could help in informing future policy decisions. 
 
Keywords: Microplastic, emerging contaminants, occurrence, analytical methods, degradation 

 
Abstrak 

Mikroplastik (MPs) adalah sebaran meluas dan meresap ke dalam alam sekitar melalui penggunaan yang tidak terkawal dalam 
pelbagai proses industri seperti pengilangan produk pembersihan, kosmetik, baja, dan farmaseutikal, serta daripada peluruhan 
bahan plastik yang lebih besar. Disebabkan sifatnya yang meluas ini, serta hakikat bahawa MPs mempunyai kapasiti untuk 
biomagnifikasi dalam rantaian makanan, MPs boleh menjadi ancaman besar kepada kesihatan manusia. Oleh itu, komuniti saintifik 
dan pihak berkuasa bagi pengawalan semakin memberi tumpuan kepada isu ini, yang membawa kepada perkembangan berterusan 
dalam perundangan dan literatur saintifik mengenai MPs. Tinjauan ini bertujuan untuk memberikan gambaran keseluruhan tentang 
kejadian MPs, pengenalpastian, pengesanan, dan pengukuran MPs, degradasi MPs, dan kesan kesihatan MPs dari perspektif 
Malaysia. Gambaran ringkas tentang penyelidikan saintifik terkini dan perkembangan terkini berkaitan dengan MPs (sehingga 
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tahun 2024) akan memberikan pemahaman semasa tentang MPs dan implikasinya kepada kesihatan. Selain itu, tinjauan ini boleh 
dijadikan sebagai rujukan yang berharga untuk kajian lanjutan berkaitan dengan MPs di Malaysia dan boleh membantu dalam 
membentuk keputusan dasar pada masa akan datang. 
 
Kata kunci: mikroplastik, pencemar baharu, kemunculan, kaedah analisis, degradasi 

 
Introduction 

Microplastics (MPs) are scientifically defined as plastic 
fragments with sizes of less than 5 mm and are of 
different shapes, sizes, and polymer compositions [1]. 
MPs are further classified into two, which are primary 
and secondary MPs [2]. Primary MPs, including 
polyethylene (PE), polypropylene (PP), and polystyrene 
(PS) particles, are derived from many different sources 
[3], while secondary MPs originate through physical, 
chemical, and biological processes that lead to the 
breakdown of plastic debris [4, 5]. Researchers estimate 
that ten million metric tons of plastic waste and MPs 
enter the oceans every year and project that the total 
amount of plastic waste circulating the world’s oceans 
will be 150 million tons by 2025 [6]. Malaysia has one 
of the largest plastic production industries globally 
comprising more than 1,300 plastic manufacturers. In 
2016, Malaysia exported resin products with a total 
value of RM30 billion Malaysian Ringgits (RM) to 
plastic manufacturers worldwide [7]. The plastic 
industry in Malaysia is segmented into seven main 
sectors including agriculture, household products, 
packaging, construction, electronics, automotive, and 
others such as furniture and medical devices [7]. In Asia, 
the percentage of plastic in solid wastes generated in 
Malaysia ranks second after the Philippines [8]. In 2020, 
roughly 148,000 tons of plastic were used for food 
packaging in Malaysia [9]. Based on the Worldwide 
Fund (WWF) report, Malaysians are among the biggest 
per-capita plastic packaging users in South-East Asia 
and the region is responsible for more than half of the 
plastic litter in the world’s oceans. It is reported too, that 
Malaysia produced 0.94 million tons of improperly 
disposed of plastic waste, of which 0.14 to 0.37 million 
tonnes may have potentially leaked into the ocean [10]. 
The country was thus, ranked the eighth-worst country 
responsible for mismanagement of plastic waste and 
third in the list of countries contributing most to marine 
plastic pollution [11].  
 
MPs are ubiquitous, highly stable, have a long 
endurance, break up readily and have the potential to 
leach toxic plastic chemical additives. MPs can adsorb a 
variety of persistent organic environmental pollutants, 
thereby enhancing their bioavailability, toxicity, and 
dispersion [12, 13]. Then, it will eventually penetrate the 
food chain and might cause health problems such as 

endocrine disruption and gut inflammation when 
ingested by humans and other organisms [10, 14, 15]. 
Given the significant threat to posed by MPs pollution 
in Malaysia, this review aims to examine the updated 
status and challenges of MPs in Malaysia by discussing 
aspects such as MPs occurrence and distribution, uptake 
by aquatic organisms, degradation, effects on human 
health, and analytical methodologies for detection and 
analysis up to the year 2024. It is hoped that readers and 
researchers will benefit from this review by gaining a 
better understanding of MPs and by developing 
appropriate strategies for the management, mitigation, 
removal, and analysis of MPs. 
 

Understanding MPs: Properties and Distribution 
To effectively tackle this issue, a comprehensive 
understanding of MPs is crucial. This section will delve 
into the physical, chemical, and biological properties of 
MPs, exploring factors such as size, shape, polymer 
composition, and their potential for interaction with 
environmental pollutants. Following this, we will 
examine the abundance and distribution of MPs in 
Malaysia, focusing on data from various environmental 
compartments (e.g., rivers, coastal waters, and 
sediments). 

 
Physical, chemical, and biological properties of MPs 
Due to the degradation of MPs through processes such 
as oxidation, solar exposure, biofilm growth, and 
thermal aging [2], different physical properties of MPs 
have been reported [16, 17]. The degradation process 
breaks the particles into micro and nano-sized particles 
[17, 18], and facilitates their entry into living systems 
[19]. The shape of these polymeric particles plays a 
significant role in their interactions with biological 
systems in the aquatic environment. A study reported by 
Au et al. in 2015 [20] revealed that the toxic effect of 
polypropylene fibers on the amphipod Hyalella azteca 
was influenced by the particle shape. Additionally, the 
surface area of the MPs can be correlated to particle size. 
The alterations in the surface area of MPs particles are 
closely linked to their size, with surface ablation 
attributed to particle fragmentation [21]. Examples of 
shapes of MPs include microfibers, pellets, and 
fragments. The size can be whittled down by repeated 
filtration to provide the finest particles, the density can 
be from high to low density, colour can be varied, and 
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the fragmentation increases the surface area gradually. 
 
In addition, MPs can exist in amorphous or semi-
crystalline form [22]. The most common MPs polymer 
types found in the aquatic environment are polyethylene 
(25%), polyethylene terephthalate (16.5%), polyamide 
(12%), polypropylene (14%), polystyrene (8.5%), 
polyvinyl alcohol (6%), and polyvinyl chloride (2%) 
[15], [23], [24]. Polyethylene and polypropylene are 
semi-crystalline polymers, while polyvinyl chloride, 
polystyrene, and polyethylene terephthalate are 
amorphous polymers [21]. In general, plastic particles 
are resistant to microbial attack due to their high 
crystalline nature, thus posing challenges for the 
biodegradation process [25]. However, recent research 
has shown that various microorganisms, including 
bacteria and fungi, can contribute to the degradation of 
plastics [26, 27]. Other factors such as the soil 
conditions, the type of organisms involved, pre-
treatment methods, polymer characteristics (e.g., 
mobility, toxicity, crystallinity, molecular weight, 
functional groups, substituents, and the presence of 
plasticizers or additives), as well as both biotic and 
abiotic conditions, are also vital factors in the 
biodegradation process [28].  
 
Abundance and distribution of MPs in Malaysia 
Examining the prevalence of microplastic pollution 
requires two-part approach where understanding both its 
abundance, which reflects the quantity of particles 
present, and its distribution, revealing the spatial extent 
and variability across various ecosystems. Learning the 
abundance and distribution of MPs is especially crucial 
for researchers to understand the sources and 
transportation pathways of these pollutants. Data of MPs 
abundance have yet to cover all waterway and terrestrial 
environments in Malaysia (Figure 1). However, the 
growing research is providing valuable insights. It is 
also important to note that the reported data are resulted 
from different methods and some studies reported the 

data with different unit. 
 
As presented in Table 1, MPs are detected in estuarine, 
beaches, marine and freshwaters, coastal and offshore, 
agricultural soil, and air in various states of Malaysia. 
Sediments act as a sink for MPs, leading to higher 
concentrations compared to water. Therefore, many 
studies reported MPs abundance is higher in sediment 
than in surface water for Seberang Prai, Pulau Pinang 
and Setia Wetland, Terengganu (4000 pcs/kg and 5.97 
items/g respectively). While in surface water, Seberang 
Prai was reported to have the highest abundance of MPs 
(1407 pcs/L) in Malaysia. MPs are detected higher in 
abundance in Seberang Prai than in Kuala Muda and 
Balik Pulau because of industrialization and 
urbanization intensity of the area. MPs have also been 
detected in agricultural soil in the Klang Valley, with 
concentrations ranging from 1.5-6.0 particles/kg. This 
suggests agricultural activities as a potential source of 
MPs pollution in soil [29]. Compared to other Asian 
countries, Malaysia has a lower MPs abundance in soil 
than China but higher than Bangladesh. Finally, only a 
few studies have measured MPs in Malaysian 
air, covering locations like Kuala Lumpur, Bangi, and 
Terengganu. Perlis was reported to have higher airborne 
MPs concentrations than Kuala Lumpur, possibly due to 
fewer buildings [30]. 
 
The scarcity of data, particularly regarding geographic 
coverage, restricts our complete understanding of the 
national picture of MPs pollution in Malaysia. While 
existing studies provide valuable insights, further 
research employing standardized methodologies is 
crucial. This research should encompass diverse 
environmental compartments (e.g., rivers, 
coastlines, remote areas) to obtain a more 
comprehensive understanding of MPs abundance and 
distribution. This information is essential for assessing 
the potential ecological and human health risks 
associated with MPs pollution in Malaysia. 

 

 
Figure 1. Number of studies conducted for abundance of MPs in Malaysia 
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Table 1. Abundance of MPs in Environmental Compartment in Malaysia 

State 
 

Location Sample Type Microplastics 
Concentration 

Reference 

Perlis Timah Tasoh, 
Perlis 

Air 983 ± 146 particles/m²/d [30] 

Pulau Pinang Seberang Perai Surface water 1407 ± 124.265 pcs/L [31] 
  Coastal bottom 

sediment 
350 ± 25.892 pcs/kg 

  Estuarine 
sediment 

4000 ± 29.174 pcs/kg 

 Penaga Surface water 358 ± 50.991 pcs/L 
  Coastal bottom 

sediment 
18.070 pcs/kg 

  Estuarine 
sediment 

940 ± 15.773 pcs/kg 

 Balik Pulau Surface water 273 ± 24.943 pcs/L 
  Coastal bottom 

sediment 
255 ± 22.368 pcs/kg 

 Kuala Muda Surface water 201 ± 21.214 pcs/L 
  Coastal bottom 

sediment 
290 ± 24.505 pcs/kg 

  Estuarine 
sediment 

430 ± 7.234 pcs/kg 

Selangor/Kuala 
Lumpur 

Klang River 
estuary 

Surface water 2.47 particles/L [32] 

 Langat River Surface water 1464.8 items/L [33] 
 Sementa Man

grove 
Area, Kapar 

Sediment - [34] 

 Bangi Air 340 ± 30 MPs/m2/day [35] 
 Klang Valley Soil 1.5–6.0 particles/kg [29] 
 Univerisit 

Teknologi 
Malaysia 
(Kuala 

Lumpur) 

Air 97 - 775 particles/m2 /day [36] 

Negeri 
Sembilan 

Port Dickson Surface water 4.65 particles/L [37] 

Johor Skudai River Surface water 360±60 particles/ per kg [38] 
 Tebrau River Surface water 640±80 particles/ per kg [38] 

Pahang Kuantan Port Surface water 0.14–0.15 pcs/L [39] 
Kelantan Kelantan Bay Sediment - [40] 

 Kelantan River Surface water 179.6 items/L [33] 
Terengganu Kuala Nerus Surface water 0.13–0.69 pcs/L [39] 

 Terengganu 
estuary 

Surface water 1687 particles/ m−3 and 1900 
particles/ m−3 in estuary and 

offshore, respectively 

[41] 

 Sungai 
Dungun 

Surface water 102.8 items/m3 [42] 

 Pulau 
Perhentian 

Surface water 588.33 ± 111.77 items/L [43] 

 Pulau Redang Surface water 314.67 ± 58.08 items/L [43] 
 Pulau Kapas Surface water 359.8 ± 87.70 items/L [43] 
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Impacts of MPs Pollution 

The presence of microplastics (MPs) in the environment 
poses significant threats to both aquatic ecosystems and 
human health. This section will explore the potential 
consequences of MPs pollution, focusing on two key 
areas, which are the uptake of aquatic organism and 
potential human health risks. 
 
Uptake by aquatic organisms 
Studies have shown that MPs have made their way into 
a range of organisms living in Malaysia's aquatic 
environments, including seafood. These minute plastic 
particles are ingested by organisms through both direct 
consumption and indirect trophic transfer mechanisms 
[1]. Planktonic creatures, larvae, invertebrates, and fish 
have all been found to have ingested MPs in Malaysian 
waters [1]. This alarming trend extends to commercial 
fish species in Malaysia, raising potential health risks for 
consumers [10]. 
 
The contamination of seafood with MPs poses 
significant threats to both food security and human 
health. Studies have revealed that commercially 
valuable fish and shellfish species are affected by MPs 
contamination [49]. For instance, an investigation 
discovered that 80% of sampled Decapterus muroadsi 

fish had ingested MPs resembling their natural prey, 
indicating a pathway for these particles to enter the 
human food chain. The presence of MPs in seafood is 
therefore a cause for concern regarding its potential 
health implications for consumers.  
 
Beyond seafood, MPs have also been identified in other 
organisms inhabiting Malaysia's aquatic environments. 
A study in the Terengganu estuary and offshore waters 
of Malaysia detected MPs in seawater and zooplankton 
[41]. This widespread presence underscores the 
extensive contamination of MPs within Malaysia's 
marine ecosystem. Another study reported that marine 
species such as Scapharca cornea, cage cultured and 
wild Lates calcarifer, Namalycastis sp., and 
zooplankton have ingested MPs [50]. This suggests that 
MPs are found in Malaysia's aquatic environment and 
are being ingested by various wildlife species. 
 
A study delved into the presence of MPs within 
commercially harvested marine fish off the 
northwestern coast of Malaysia's Peninsular region [51]. 
The study unveiled the presence of MPs in the digestive 
tracts of four distinct species of commercial marine fish: 
Atule mate, Crenimugil seheli, Sardinella fimbriata, and 
Rastrelliger brachysoma. This observation underscores 

 Pulau Tenggol Surface water 294.33 ± 101.64 items/L [43] 
 Setiu Wetland Surface water 0.36 items/L [44] 

  Sediment 5.97 items/g [44] 

 Chagar Hutang Air 274 ± 95 MPs/m2/day [35] 

 Coastal area Air 5476 ± 3796 MPs/m2/ 
day 

[45] 

Sarawak Miri River 
Estuary 

Surface water 10.7 - 14.3 particles /L [46] 

  Sediment 283.7 - 456.2 particles/kg [46] 
 Miri Coast, 

NW Borneo 
Sediment 83 - 327 particles/90g [47] 

 Pasir Pandak 
Beach 

Sediment 60 - 328 items/m2  

Sabah Tanjung Aru 
Beach, Kota 

Kinabalu 

Sediment 857 MPs/kg [48] 

 UMS ODEC 
Beach, Kota 

Kinabalu 

Sediment 160 MPs/kg [48] 
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the potential risk of MPs infiltrating the human food 
chain through the consumption of contaminated fish. 
Another specific example of MPs ingestion by animals 
in Malaysia is the study conducted by Ratnam and Mohd 
Zanuri [52]. They found that blood cockles (Tegillarca 
granosa), a commonly consumed seafood in Malaysia, 
were contaminated with MPs in Kuala Juru, Pulau 
Pinang. This contamination poses a threat to seafood 
safety and potentially jeopardizes human health due to 
the potential toxicity of MPs. 
 
Another study focused on the contamination of water 
bodies in Malaysia and its impact on marine organisms 
intended for human consumption [54]. The study found 
that commercial fish in seafood markets and abiotic sea 
products such as salts were contaminated with MPs. 
Marine organisms, including zooplankton, mussels, 
oysters, shrimp, and fish, were found to ingest MPs, 
further contributing to their presence in the human food 
chain. Efforts are underway to address the issue of MPs 
pollution in Malaysia. One study explored the 
possibility of polypropylene MPs degradation by 
bacteria isolated from Malaysian mangrove ecosystems 
[54]. Encouragingly, the study identified specific 
bacterial strains capable of breaking down 
polypropylene MPs, suggesting biodegradation as a 
potential remediation strategy.  
 
The existence of MPs in seafood items presents 
challenges when assessing their health effects. The 
proportion of fiber-type MPs varies among different 
food items, and there are disparities between MPs levels 
in food and the adverse outcomes observed in animal 
studies [55]. Therefore, further research is imperative to 
gain a more comprehensive understanding of the 
potential health risks associated with consuming MPs in 
seafood [51, 59]. 
 
Effects of MPs exposure to human health 
The potential health risks associated with MPs exposure 
in human is still under investigations.  However, 
existing research suggested several possible pathways of 
exposure and potential health effects relevant to 
Malaysia. The primary route suggested is ingestion, 
often through the consumption of seafood as suggested 
earlier. Inadequate wastewater treatment facilities may 

also contribute to MPs contamination in drinking water 
(ingestion route) [56]. Exposure through inhalation 
route can occur when airborne MPs are respired, and 
dermal exposure is possible through personal care 
products and clothing containing MPs. The findings 
from cellular and animal experiments have 
demonstrated that MPs can impact various systems 
within the human body, including the digestive, 
respiratory, endocrine, reproductive, immune, and 
nervous systems.  
 
Initially, when MPs are ingested, they can affect the 
digestive system, which may result in inflammation and 
subsequent gastrointestinal symptoms. These symptoms 
include abdominal pain, bloating, and alterations in 
bowel habits. MPs can also disrupt the balance of 
beneficial and harmful bacteria in the intestinal 
microbiome, contributing to gastrointestinal symptoms 
[57, 58]. Furthermore, MPs can serve as carriers for 
environmental toxic substances, such as bisphenol A 
(BPA), which can be absorbed into the body and cause 
health issues related to the endocrine and reproductive 
systems. Recent research even detected MPs in the 
placentas of pregnant women, emphasizing the need for 
further study on potential adverse effects [59]. 
 
In addition to their physical effects on the digestive 
system, MPs can also cause chemical toxicity by 
absorbing and accumulating environmental toxins such 
as heavy metals and polycyclic aromatic hydrocarbons 
[60]. These toxins can enter the body when MPs are 
ingested, leading to various gastrointestinal symptoms 
like nausea, vomiting, and abdominal pain. Both in vitro 
experiments with human cells and in vivo data from 
mice suggest that MPs can elicit adverse health effects, 
primarily through mechanisms involving inflammation, 
oxidative stress (resulting in increased production of 
reactive oxygen species), disturbances in lipid 
metabolism, gut microbiota imbalances, and 
neurotoxicity. For instance, exposure to certain MPs has 
been shown to increase the expression of inflammatory 
genes like Interleukin 6 (IL-6) and interleukin 8 (IL-8) 
in human cells [61]. Animal experiments have shown 
that MPs can disturb lipid metabolism in the liver, 
increase oxidative stress, affect acetylcholine esterase 
activity, and finally lead to intestinal microbiota 
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imbalances. Furthermore, exposure to MPs can 
exacerbate lipid-metabolism disturbances and 
inflammatory responses, especially in diabetic mice 
[62]. 
 
Concerning the immune system, accumulated exposure 
to MPs has been observed to induce chronic 
inflammation and homeostasis changes in animal 
experiments [63]. In addition, studies involving human 
lung cells have shown that MPs can activate innate 
immunity by regulating the expression of genes and 
proteins involved in the immune response [61]. Further 
research is required to fully understand the negative 
effects of MPs on the human immune system. Regarding 
the respiratory system, inhalation of MPs can lead to 
oxidative stress in the airways and lungs, resulting in 
respiratory symptoms such as coughing, sneezing, 
shortness of breath, and fatigue. Recent research has 
even linked nano-sized plastics to mitochondrial 
damage in human respiratory cells [64]. Finally, there is 
neurotoxicity induced by MPs has been reported in 
animal experiments, with findings showing that 
exposure to MPs can accumulate in the central nervous 
system, causing microglia activation and neuron damage 

[65]. This can lead to cognitive dysfunction, locomotor 
function changes and altered anticholinesterase activity 
in animals. 
 
In conclusion, MPs have the potential to affect 
numerous systems in the human body. Even though 
many of the studies have been conducted on animals, 
further research is required to completely understand the 
degree of their effects and the mechanisms involved in 
humans. A complete understanding of these hazards and 
their long-term implications is still developing. 
 
Analytical methodologies for determination of MPs 
Effectively addressing MPs pollution requires reliable 
methods for their detection and analysis. This section 
will explore the various analytical methodologies 
currently employed to determine the presence and 
abundance of MPs in the environmental compartment, 
aquatic animal, and consumer products in Malaysia. 
Generally, the experimental design of MPs detection 
usually comprises of sample collection, sample 
preparation, sorting (physical characterization) and 
chemical characterization (Figure 2). 

 

 
Figure 2. The general flow of MPs particles analysis 

 
Sample collection 
The technique to collect sample for MPs analysis in 
Malaysia depends on the type of sample itself and the 
purpose of the analysis (Table 2). For environment 
sample like marine water and sediment, the purpose was 
mostly to characterize and quantify the abundance of 
MPs particles in the environment or area selected. For 
instance, to quantify the extent of MPs in mangrove 
forest in Selangor, triplicate samples of sediment were 
collected from the surface of soil until 5 cm depth based 
on 50 cm x 50 cm quadrant [34]. Sampling quadrant was 
also adapted for sediment sample collection in Kota 
Kinabalu [48] and Pasir Pandak Beach [66]. For 
atmospheric MPs deposition, sample collection applied 
passive sampling technique[30, 45].  

 
MPs are prevalent in marine environments and have 
been reported in commercial marine fish and other 
aquatic organism worldwide. For aquatic organism 
sample, like, bivalve or fishes, the purpose of the study 
is to investigate the digestion of those animals of the 
MPs particles polluted in the sampling area. Sample 
collection will either from the local area/market [67, 68, 
69] or random collection by hand [70]. Processing of 
those animals will be dissection to obtain the guts, gills, 
and tissue. Sometimes, the whole organism was 
processed for the analysis of MPs particles itself. To 
analyse MPs particles in items like bottled water, fish 
meal products and personal products, these products 
were sourced from local market [71-74].  
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Table 2. Sample collection for different matrices in MPs particle analysis in Malaysia 
Matrix Sample Collection and Process 

Surface water Collection using stainless steel bucket and sampler [39, 46] 
Collection using water grab sampler [40] 

Sediment Collection using shovel [34] 
Collection using box corer [38] 
Collection using Ekman Grab sampler [40, 46] 
Collection using scoop [48] 

Fishes Caught at coordinated location [75] 
Purchases from local market [68] 

Zooplankton Collection by water pump [41] 
Bivalve Handpicked during low tide [70] 
Sea cucumber Random collection [76] 
Products (dried fish, salt, canned sardine, 
bottled water, and fish meal product) 

Purchased from Malaysian market [73, 74, 77, 78] 

Human colectomy  Collection from patients who are scheduled to do colectomy. 
Specimen harvested after surgery [79] 

Polychaete worm Collection by hand [80] 
Atmospheric deposition (air) Collection through passive sampling in 24 h using a glass petri 

dish containing a glass microfibre filter paper  [30, 45] 
 
Sample preparation 
After collection, the preparation of samples involves 
extraction of MPs from the sample matrices. Extraction 
of MPs includes manual sorting, density separation, 
filtration, and digestion method. Digestion process using 
acid or enzyme is needed for organic materials to 
dissolve. Digestion process is applied for matrices like 
fish, polychaete worm, and canned and dried fish. After 
digestion, some environment matrices apply density 
separation in sorting out the MPs particles. Density 
separation is applied through salt addition like sodium 
chloride (NaCl) or sodium iodide (NaI) or zinc chloride 
(ZnCl2) [81]. Then, particles will be filtered by sieving 
through size exclusion or membrane filter. Filtered and 
separated MPs particles will be then characterized by 
physical and chemical characteristics.  
 
Sorting (physical characterization) 
After extraction, the isolated MPs are set for 
characterization to determine the particle size, shape, 
colour, surface texture and other characteristics to 
discriminate MPs from other particles (physical 
characterization). Then, this process is usually followed 
by identification of chemical composition such as the 

functional groups, molecular weight and structure, and 
degree of polymerization of polymers in MPs [82].  
 
The goal of physical characterization is to do 
preliminary analysis to determine shape, size, and 
morphology of MPs collected [83]. In other words, the 
filtered MPs particles will be screened and distinguished 
from non-plastic before chemical characterization. 
Some main physical characterization techniques are 
visual inspection, laser diffraction particle size analysis 
and dynamic light scattering. For MPs analysis in 
Malaysia in this paper, the methods employed for 
physical characterization are visual analysis (Table 3). 
Visual analysis technique in physical characterization is 
applied for most type of samples such as environment 
(sediment and water), animals, (fishes and bivalve) and 
products (canned food, packed food, and bottled water) 
and personal products. The process of visual analysis 
consists of observing the MPs particles with naked eyes 
or with microscopes. Then, the particles will be 
classified and counted based on the shape, colour, and 
size [83]. Analysis with naked eyes only applies for 
greater size range of MPs particles (1-5 mm). On the 
other hand, microscope images that can provide the 
shape and the quantity of MPs particles. This technique 
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was seen used on MPs analysis 1-5 m in size for all 
samples in Table 2. On the other hand, those MPs 
particles that are lacking distinct colours and shapes are 
sorted using SEM. In studies analysing MPs in dried 
fish, canned sardines, marine fishes, and human 
colectomy specimens [79], SEM was combined with 
EDX. This common approach provides elemental 
analysis, enabling the differentiation of inorganic MPs 
particles. 
 
Chemical characterization 
Determination of the composition of the detected and 
extracted MPs is crucial to assist the establishment of 
the methods for treating MPs pollution [84]. For MPs 
analyses in Malaysia, Fourier transform infrared 
spectroscopy (FTIR), Raman spectroscopy, and thermal 
analysis (Table 3).  
 
Fourier transform infrared spectroscopy 
Fourier transform infrared spectroscopy (FTIR) 
provides information about the functional groups 

present for MPs that are more than 20 m in size [81].  
It obtains chemical information of chemical bonds and 
functional group of samples through vibrational 
spectroscopy technique. FTIR is a non-invasive analysis 
that requires simple sample pre-treatment process. Also, 
it is also less vulnerable to interference from 
autofluorescence originating from plastic additives 
components [82]. Currently, FTIR is widely used for 
chemical characteristics of MPs analysis in Malaysia.  
 
There are three analysis techniques of FTIR which are 
specular reflection, transmission and attenuated total 
reflection (ATR). The selection of the right techniques 
depends on the properties of the sample. ATR mode, for 
example, will be selected for samples that are thick or 
strong infra-red (IR) absorbent. MPs have been 
identified and characterized by ATR- FTIR for marine 
water [39], sediment samples [34, 39, 46, 66, 85] and 
personal products collected in Selangor [71]. Micro-
FTIR is also growing technique in Malaysia for 

analysing MPs as small as 10 m. Researchers have 
used it to study MPs not only in deposited atmospheric 
dusts, but also in human tissue samples (from colon 
surgery) and in zooplankton samples. 
 

Raman spectroscopy  
Raman spectroscopy is one of the widely used methods 
for identifying chemical composition of MPs. It works 
by analysing the frequency shift of light scattered from 
a sample due to the Raman effect. The frequency shift 
can determine the sample’s vibrational modes and 
identify the chemical substances present. Raman 
spectroscopy is widely accepted for its many advantages 
including minimal sample damage, requirement of small 
sample sizes, potential for high throughput screening, 
and environmental friendliness (as reported by Huang et 
al. [82]). 
  
In contrast to FTIR, Raman spectroscopy faces 
limitations when it comes to detecting for samples with 
fluorescence [82] . Besides, the Raman spectra 
generated by plastic additive within MPs and 
contaminants adhering to the particle surfaces may 
overlap with the Raman spectra of the plastic polymers 
itself. This interferes the function of Raman 
spectroscopy in identification of the MPs. A. Karami et 
al. [67] developed a time effective and low-cost protocol 
for sample preparation of MPs analysis in fish while 
protecting the integrity of the plastic polymers. Raman 
spectroscopy has been shown to be a reliable technique 
to identify MPs in dried fish, salt, and tropical shark 
species [68, 77, 86]. Raman spectroscopy can detect 

MPs greater than 10 m in size, whereas micro-Raman 
spectroscopy offers higher resolutions, enabling 

detection up to 1 m [83]. A. Karami et al. has 
successfully used micro-Raman to detect MPs in canned 
sardine and sprat products with size ranging from 190 to 
3800 μm. Karbalei et al. detected MPs in commercial 

fish meal with particle size from 149-7800 m [73]. 
 
Thermal analysis 
Thermal analysis is a technique to study the functional 
change of temperature and time of a material [82]. 
Pyrolysis-GCMS (Py-GC/MS) is one of the classical 
methods for thermal analysis that was used for analysis 
of MPs in Polychaete worms in Setiu Wetlands [80]. 
Analysis with Py-GC/MS using a selective ion 
monitoring mode detected pyrolytic products and 
fragment ions associated with various polymers, 
including polyvinyl chloride, polypropylene, 
polyethylene, polyethylene terephthalate, polyamide, 
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and polymethylmethacrylate. The study demonstrated 
the valuable application of Py-GC/MS techniques for 
monitoring MPs, especially when dealing with 
analytical sample in large quantities. Usage of Py-
GCMS must be complemented with optical techniques 
due to its inability to determine the number and other 
physical characteristic of the MPs extracted. 
 
While the current analytical methods offer valuable 
insights, advancements in MPs analysis are constantly 
evolving. These advancements hold great promise for 
improving our understanding of MPs pollution in 
Malaysia. Currently, visual counting is a common 
method for quantifying MPs. However, this technique 
can be time-consuming and prone to human error. 
Emerging techniques, such as flow cytometry and 
microfluidics, offer the potential for automated, high-
throughput analysis, allowing for more accurate 
quantification of MPs abundance in environmental 
samples [87, 88]. At the same time, there is a crucial 
need to identify the source of the MPs pollution for 
understanding their pathways into the environment and 
to develop effective mitigation plan. Advanced 
spectroscopic techniques, such as Raman spectroscopy 
coupled with multivariate analysis, can potentially be 
used to fingerprint the specific types of plastic present in 
MPs [89]. This information can help to identify the 
sources of plastic pollution, such as specific industries 
or consumer products. 
 
As MPs research in Malaysia continues to grow, it is 
essential to establish standardized protocols for sample 
collection, preparation, and analysis across different 
research groups, as previously emphasized. This 
standardization will ensure data consistency and 
facilitate comparisons between studies conducted in 
various locations and by different researchers. 
 
In conclusion, the analytical methods employed in 
Malaysia provide valuable insights into the presence and 
abundance of MPs in the environment. However, 
continuous advancements in MPs analysis offer exciting 
possibilities for the future. Techniques like flow 
cytometry and microfluidics hold promise for more 

accurate and automated MPs quantification, while 
advanced spectroscopy with chemometrics can help 
pinpoint the sources of plastic pollution. Moving 
forward, efforts to standardize sampling and analysis 
protocols across research groups in Malaysia are crucial 
for strengthening the nation's expertise in MPs analysis. 
By embracing these advancements and fostering a 
collaborative research environment, Malaysia can 
become a leader in tackling the challenge of MPs 
pollution. 
 

Current challenges and data gaps 
A report published by Minister of Science, Technology 
and Innovation (MOSTI) has revealed a roadmap plan 
to achieve towards zero single-use plastics in 2030 [7]. 
This plan highlighted the significant challenges 
hindering Malaysia’s efforts to achieve zero single-
plastic use by 2030. These challenges include: 
 

a) Limited public awareness: Many Malaysians 
lack sufficient knowledge about the 
environmental impact of single-use plastics 
and the benefits of alternatives. 

b) Low recycling rate: The current recycling 
infrastructure struggles to handle the volume of 
plastic waste generated, leading to improper 
disposal and environmental pollution. 

c) Cost factor: Biodegradable alternatives to 
single-use plastics are often more expensive, 
making it difficult for consumers and 
businesses to adopt them readily. 

d) Enforcement difficulties: Effectively enforcing 
regulations against single-use plastics can be 
challenging due to limited resources and 
monitoring capabilities. 

e) Waste management needs: Improvements are 
needed throughout the plastic waste 
management system, from collection and 
sorting to recycling and treatment facilities. 

While these challenges are well-defined, several critical 
data gaps hinder the development of the targeted 
solutions. Table 4 described some of the data gaps that 
need to be addressed. 
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Table 3. Summary of common methods used in extraction, physical and chemical characterization of MPs 
Matrix Extraction 

Method 
Physical 

Characterization 
Method 

Analytical 
Instrument 

References 

Sediment Density separation SEM, spectroscopy, 
microscopy 

FTIR, ATR-FTIR, 
μ-FTIR 

[38, 46, 48] 

Water Filtration SEM, microscopy FTIR, ATR- FTIR, 
μ-FTIR 

[33, 39, 42, 43] 

Soil Density separation 
followed by 

filtration 

Microscope 
 

FTIR [29] 

Air Filtration Stereomicroscope, 
selective fluorescent 
staining using Nile 

Red 

μ-FTIR, ATR-FTIR [35, 45] 

Biota (tissues) Digestion 
(chemical or 
enzymatic) 
followed by 

filtration 

SEM, 
Stereomicroscope, 

FESEM-EDX 

FTIR, μ-Raman 
spectroscopy, μ-

FTIR, ATR-FTIR 

[68, 69, 70] 

Abbreviations: FTIR=Fourier Transform Infrared Spectroscopy; µ-FTIR=Micro-FTIR; ATR-FTIR= Attenuated 
total reflectance-FTIR; FESEM-EDX=Field Emission Scanning Electron Microscopy-Energy Dispersive X-ray 
Spectroscopy; SEM=Scanning Electron Microscope 
 

Table 4.  Data gap in MPs pollution in Malaysia 
Area of Data Need Specific Data Need Importance for Addressing MPs 

Pollution 
Sources of MPs 
pollution 

Types and quantities of MPs from various 
industries 

To identify major contributors of 
MPs to the environment 
 

Distribution of MPs Research on MPs abundance in rivers, coastal 
waters, and offshore environments throughout 
Malaysia should continue to cover the rest of 
the area which are not covered 
 

To understand the spread and 
accumulation of MPs in different 
environments. 
 

 Research on atmospheric MPs deposition 
should be further conducted 
 

To understand the spread and 
accumulation of MPs in different 
environments 

Impacts of MPs 
pollution 

Potential pathways of microplastic ingestion 
(food, water) 
 

To develop strategies to mitigate 
these risks 

 Epidemiological studies on health effects of 
microplastic exposure. 

To evaluate potential human 
health risks from microplastic 
contamination 
 

 The presence of MPs in seafood and other 
products should be further examined covering 
all areas and types 
 

To develop strategies to mitigate 
these risks 
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Conclusion 
Microplastic pollution has emerged as a complex 
environmental challenge in Malaysia, with significant 
implications for both ecological health and human well-
being. This review has examined the current 
understanding of MPs pollution in Malaysia, 
encompassing its abundance,  potential impacts on biota 
and human health, and the analytical methods employed 
for its detection. The research conducted so far 
highlights the widespread presence of MPs in various 
environmental matrices in Malaysia, raising concerns 
about their potential ecological and human health risks. 
The potential for MPs to accumulate in the food chain 
and their ability to adsorb harmful pollutants 
necessitates further investigation t fully understand their 
long-term effects. Moving forward, addressing MPs 
pollution in Malaysia requires a comprehensive multi-
pronged approach. This includes promoting the 
development and adoption of sustainable plastic 
production practices, coupled with effective waste 
management strategies to minimize plastic waste 
generation and improper disposal. Additionally, 
ongoing research efforts are crucial to develop efficient 
technologies for MPs detection, removal, and potential 
biodegradation. Public awareness campaigns are also 
essential to promote responsible plastic consumption 
and waste disposal practices among Malaysians. By 
implementing a combination of these strategies, 
Malaysia can play a leading role in combating MPs 
pollution and preserving its rich natural environment for 
future generations. 
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