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  Abstract
As the amount of plastic in the environment continues to rise, one of the most significant environmental challenges 
that has emerged is the contamination of seafood with microplastics (MPs). This study was conducted in Tanjong 
Karang, Selangor, in order to investigate the prevalence of MPs, their properties, and the range of variation among 
them in different species of freshwater fish. Twelve different fish species from a variety of feeding zones were 
investigated to establish the degree to which MPs consumption rates differed from zone to zone. It was found that 
MPs were present in the gastrointestinal tracts (GIT) of 29.2% of the fish samples, which is a higher percentage than 
what has been found in other regions that have been documented. When compared to the other fish species, the 
Anabas testudineus has the greatest concentration of MPs. Examinations at a microscopic level indicated that the 
film morphotype and the colour white were predominant among MPs. Fourier Transform Infrared analysis showed 
that the fish gastrointestinal tract contained high-density polyethene and polypropylene as the predominant 
polymers. Plastic ingestion in fish may be related to the feeding zones, as indicated by the fact that demersal fish 
have a greater concentration of MPs compared to benthopelagic and pelagic fish. This finding will help people have 
a better understanding of which types of freshwater fish and which types of feeding zones contain greater levels 
of MP contamination.
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Introduction
Microplastics (MPs) are plastic materials which above 0.1 
micrometers to 5 micrometers in dimension. In comparison, 
nano plastics are sized less than 0.1 micrometers (1). Since 
1950, the production of plastic materials has increased 
by a factor of 245, which means that there are presently 
388 million tonnes of plastic materials across the globe 
(2). Frequent occurrence of MPs in marine ecosystems 
as emerging contaminants have attracted widespread 
concern, in freshwater ecosystems and terrestrial 
ecosystems (3). 

As a result of the region’s rapid economic and population 
development, as well as its increasing urbanization, Asia is 
regarded as a major source of plastic pollution (4). Malaysia 
is one of the Asian countries included in the hotspot. 
Malaysia is one of the top 20 countries in terms of the 
amount of plastic waste that it sends into the ocean each 
year, with an emission rate of 7.3 X 104 metric tonnes (5). 
No legislation or restrictions are limiting the emissions 
of MPs into the environment, particularly water bodies 
such as lakes and oceans, even under the Environmental 
Quality Act of 1974 (EQA). The Malaysian government has 
long underestimated the importance of eliminating MPs 
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contamination in the environment. This situation occurs 
because the federal government lacks the urgency and 
commitment to implement regulations and guidelines 
regulating the emission of MPs into the environment, due 
to lack of understanding and information about the impacts 
of MPs on human health (6).

Despite the fact that MPs in freshwater fish at the 
aquaculture farm pose a significant danger to marine life 
and human welfare, little research has been conducted 
(7). According to Lam et al. (2), MPs ingestion by cultured 
fish receives less attention than that by wild fish because 
previous research concentrated on the presence and 
distribution of microplastics in agricultural soils. To date, 
the data available in this field is very scarce. 

By consuming fish containing MPs, humans will be 
exposed to toxic substances at multiple trophic levels. 
Moreover, fish and other organisms that consume MPs 
may be exposed to pollutants in the polluted surrounding 
environment, which may bioaccumulate and biomagnify 
(2). The fish is also affected, fish mortality increases, and 
food security is threatened. Therefore, plastic pollution is 
a significant concern that necessitates research together 
with immediate and long- term actions to reduce 
ecological, social, and economic harmful effects (2). 

The main goal of this research was to identify the 
characteristics and abundance of MPs in various fish 
species with varying feeding zones: near surface of water 
(pelagic), midwater (benthopelagic), and deep water 
(demersal).

Materials and Methods

Sample collection
The study was carried out at one fishpond station at the 
boundaries of the rice fields in Tanjong Karang, Selangor. 
Four species of fish (Siluriformes sp., Oreochromis niloticus, 
Leptobarbus hoevenei and Anabas testudineus) were 
collected regularly in triplicate (Figure 1). Fish samples 
were stored in an icebox before being transported to 
the laboratory at the Faculty of Health Science in UiTM 
Puncak Alam, Selangor, and stored in the freezer at −20 
̊C (8). Fish sampling was treated based on the method by 
Free et al. (9). 

The fish samples were brought into the laboratory, 
allowed to thaw to room temperature, and then important 
biological characteristics such as length (cm) and weight 
(g) were measured. The gastrointestinal tract (GIT) of each 
sample was dissected, and its contents were collected 
in order from the oesophagus all the way to the end of 
the tract. After that, each sample was placed in its own 
individual container and stored in an ethanol solution 
that was 80% strength until it was analyzed further. Plastic 
materials were not utilized because it was anticipated that 
their use would result in cross-contamination as well as 
prejudice in the findings.

Figure 1: Fish species collected from fishpond station at the 
boundaries of the rice fields in Tanjong Karang, Selangor

The alkaline technique was used to digest the sample. 
The GITs were placed in a glass beaker containing the 
digesting solution, 10 M sodium hydroxide (NaOH). Then, 
50–60 g of digested samples were deposited in a water 
bath at 60°C and continuously shaken (130 rpm) during 
incubation to accelerate the digestion process. The sample 
is examined every seven days, and the digestive processes 
were replicated three times. The digestion fluid was filtered 
after 21 days.

After that, the samples were examined under a stereoscopic 
microscope (Optical microscope Leica DM2500) for 
microplastic components. A representative sample of 
microplastics (MPs) from each morphotype was randomly 
chosen for analysis using Fourier Transformed Infrared 
(FTIR) spectroscopy in order to identify and validate the 
properties of microplastics. The MPs were spread on a 
crystal of potassium bromide (KBr). The observations were 
taken in transmission mode at wavenumbers ranging from 
400 to 4000 cm-1 (10). SpectraBaseTM datasets from John 
Wiley & Sons, Inc., an online spectral repository, were used 
to identify the absorption bands of each polymer.

This study divided the observation of MP’s characteristics in 
samples into three categories: MPs’ morphotype, size, and 
color. Morphotype was based on a previous study by Li et 
al. (11). Morphotype can be fragment, flakes, fiber, pellet, 
film, and foam. Fragment is a complex and jagged plastic 
particle. Fibers are thin or fibrous and straight plastics. 
Pellet is complex and rounded plastic particles. Film is thin 
plane of flimsy plastics. Foam is lightweight and sponge-like 
plastic. Furthermore, based on a previous study by Lv et al. 
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(3), MPs size was divided into < 500 μm, 500 μm – 1 mm, 
and 1 mm – 5mm. MPs color were recorded according to 
Jones et al. (12). 

Data analysis
Kruskal-Wallis test was used to compare the abundance 
differences of microplastics in four different feeding habits 
of fish using Statistical Package for the Social Sciences 
(SPSS) version 28.0 where p < 0.05 were considered as 
statistically significant. Microsoft Excel was used to tabulate 
the characteristics of MPs.

Results

Microplastic abundance in fish 
Throughout the investigation, 12 fish representing four 
species were captured and analyzed. The percentage of 
contaminated microplastic was calculated based on the 
previous study by Parvin et al. (10), and the result showed 
that 29.2% of the MPs were contaminated by 117 plastic 
particles found in the GIT of 12 different fish. During the 
observation, Siluriformes sp. had 25 particles, Oreochromis 
Niloticus had 30 particles, Leptobarbus hoevani had 
28 particles, and Anabas Testudienus had 34 particles. 
Kruskal-Wallis test showed no significant differences in 
the abundance of MPs between the fish species (p = 
0.760, p > 0.05). Figure 2 shows the highest microplastic 
abundance was found in the GIT of A. testudineus (34% 
plastics particles) followed by O. niloticus (30%), L. hoeveni 
(28%), and the lowest abundance in GIT was Siluriformes 
sp. (25%).

Figure 2: The abundance of MPs found in freshwater fish

The morphotype, color, and size of microplastics
MPs of various morphotypes, colors, and sizes were 
discovered in the fish sample in this research. Figure 3 
shows the morphotypes of MPs show a different variety, 
such as foam, flakes, fibers, fragment, film, and pellets at 
difference fish species. 

Figure 3: The different morphotypes of microplastics 
obtained from a) Siluriformes sp., b) O. niloticus, c) A. 
testudineus, and d) L. hoeveni

Figure 4 shows the percentages of fragments, flakes, 
pellets, film, fibers, and foam observed in the GIT of 
fish. Film was generally the most dominant morphotype, 
accounting for 35% of the total MPs. Fragment made up 
26% of the total, while pellet made up 22%. Meanwhile, 
flakes accounted for 10%, and the lowest morphotype was 
fibers which accounted for 2%.

Figure 4: The percentage of MP’s morphotypes

Furthermore, this research discovered six different colours 
of MPs in the GIT samples studied: transparent, green, 
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yellow, brown, white, and black. Siluriformes sp. MPs 
come in six distinct colours: four brown, six white, five 
black, and five yellow. Oreochromis niloticus possesses five 
transparent, fifteen white, six black, and four yellow hues. 
Meanwhile, Leptobarbus hoeveni had five transparent, 
eight blue, two green, ten brown, and two white. Anabas 
Testudineus comes in 23 transparent, two green, fourteen 
yellow, twenty-three brown, thirty-three white, and 
fourteen black varieties. Figure 5 shows that white MPs 
were the most abundant at 28.2% which. The second 
highest color was transparent, accounting for 19.7%. Brown 
accounted for 18.8%, yellow and black accounted for 12.0% 
each, and the lowest was green, which accounted for 2.6%. 

Figure 5: The percentage of MP’s colors

Plastic particles in this research were divided into three 
sizes: 500 m, 500 m - 1 mm, and 1 mm - 5 mm. Based on 
Figure 6, there was 57.5% with size < 500 μm, 22.5% with 
size 500 μm – 1 mm, and 20% with size 1mm – 5mm.

  

Figure 6: The percentage of MP’s sizes

Microplastic’s abundance and feeding zones
The feeding zone of A. testudineus was demersal (deep 
water), Siluriformes sp. and L. hoeveni were pelagic (near 
surface), and O. niloticus was benthopelagic (midwater). 
Figure 7 shows that the abundance in the demersal 
fish A. testudineus was the highest followed by pelagic 

fishes Siluriformes sp and L. hoeveni. The lowest was 
benthopelagic which is O. niloticus.

 

Figure 7: Comparisons of abundance of plastics among 
fishes from different feeding zones

Chemical composition of microplastics
A significant number of samples (33.3%) from the 52 
suspected MPs subsamples were verified by FTIR analysis. 
Polypropylene (PP) and PE polyethylene were recognised as 
polymer types using FTIR. Figure 8 (a) shows PP produces 
prominent peaks around wave number regions 3264.97 
cm-1 (=C-H stretch), 2920.22 cm-1 (C-H stretch), 2916.65 
cm-1 (C-H stretch), 878.78 cm-1 (C-H oop), 700.28 cm-1 (=C-H 
bend) and 668.04 cm-1 (=C-H bend). Figure 7 (b) also shows 
PE produces prominent peaks around wave number regions 
1646.32 cm−1 (C=C-stretch) and 641.06 cm−1 (C=C-H; C-H 
bend). These results are consistent with previous efforts to 
determine the composition of PP and PE (13, 14).

a) Polypropylene (PP)
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b) Polyethylene (PE)

Figure 8: FTIR spectra of the representative microplastic 
found in freshwater fish sample a) PP and b) PE

Discussion
During the study, 12 fish from four different species were 
caught and tested. A total of 117 plastic particles were 
found in the digestive tract (GIT) of 12 different fish, 
which meant that 29.2% of the MPs were contaminated. 
The results can be compared to previous findings: in 
Bangladesh, 73.3% of 48 GIT fish are contaminated with 
MPs. (8); in Amazon River, 13.7% MPs of 14 fish species 
(15); and in the Gulf of Mexico just 4% (16). This is 
supported by Szymańska and Obolewski (17), spatial and 
temporal variations in the abundance and distribution of 
riverine MP are influenced by a number of parameters, 
such as flow velocity and proximity to MP sources within 
the catchment. In addition to this, freshwater matrices tend 
to be located close to point sources and in areas that have 
a substantial population. Urbanization is also a factor that 
contributes to an abundance of MPs (18).

Kruskal-Wallis analyses revealed no significant differences 
in MP abundance among the fish species (p = 0.760, p > 
0.05). In a study of freshwater fish from the Han River, 
Kruskal-Wallis test revealed that there was no significant 
difference in abundance between species (p = 5.548, p 
> 0.05) (16), and in Thailand, there was no significant 
difference in the abundance of microplastics ingested by 
different species (p = 0.849, p > 0.05) (18).

Many factors such as fishing activities (15), laundry (19), 
net disintegration, and human activities (20) influence the 
abundance and distribution of MPs in the water. In this 
study, the fish were collected from the boundaries near the 
rice fields and homestays, where there are many sources of 
fish contamination, such as plastics from human activities, 

which were finally washed into bodies of water by wind 
and rain, fragmented, and ingested by fish. The sources of 
MPs in fish may come from the homestays, which includes 
cosmetics, cleansing agents, laundry, and facial scrubs (21).

In addition, organic fertilizers used in paddy fields were 
another factor that influenced the abundance of MPs. 
According to the findings of a previous research, organic 
fertilizers, which are frequently utilized in farming 
and gardening, tend to be an overlooked source of 
microplastics. This includes fertilizers that are prepared 
by composting and fermentation (22). The microplastics in 
wastewater and biosolids used for irrigation and fertilizing 
are also sources of abundance of MPs (23). In addition, the 
application of sewage sludge as fertilizer on agricultural soil 
was identified by a number of studies as possibly being a 
source of MPs. (3, 24, 25). 

The different sources of MPs influenced the variety 
of morphotypes (17) and the fish’s feeding zone also 
influences the morphotypes of MPs (20). The highest 
morphotype i.e., film came from the decomposition 
of plastic bags surrounding the pond, which the fish 
consumed. Fragment was the second most common 
morphotype, similar to a previous study (26). Secondary 
MPs were indicated by fragments and film because these 
are typically created by the breakdown or fragmentation 
of big plastic components (27).

The previous studies reported that secondary MPs are 
more abundant in the aquatic environment than primary 
MPs (28, 29). The presence of fibers in these experiments 
further demonstrated that the sources were secondary 
MPs, as fibers are typically found in clothing and other 
textile goods or by-products (30). Most of the MPs retrieved 
in this research were secondary, according to the MPs 
identified. These findings were in line with those of a 
research that was conducted in Bangladesh on fish and 
shrimp that came from the Bay of Bengal, which found that 
the secondary source was responsible for most of the MPs 
contamination and the formation of a morphotype (31). 

From this study, white was the highest MPs color and 
followed by transparent. The white MPs were identified 
more frequently in fish stomachs than in water and 
sediment because they imitate the food sources of the 
fish (32). Regarding MPs color, the fishes were confused 
with their preferred prey and then ingested the MPs (33). 
It’s not uncommon for shopping bags, packaging bags, 
textile fabrics, and even fishing nets to have some sort of 
colouring on them (34). Color is often a sign that there is 
more desire for and use of a wide range of plastic products 
in our daily lives. This has led to a huge amount of coloured 
plastic waste (35).

In this study, identified plastic particles were classified into 
three sizes, < 500 μm, 500 μm – 1 mm, and 1 mm – 5 mm. 
The classification of plastic particles followed a previous 
study from Bangladesh. The size of MPs in this study is not 
similar to the previous study that found microplastic sizes 
ranging from 1 to 5 mm as more abundant (36). 



330

SPECIAL ISSUE  JUMMEC 2023: 2

From this study, demersal fish was the highest abundance 
of MPs. The abundance’s results and different habitats 
group can be compared to previous findings that the 
demersal fish consumed more MPs than pelagic and 
benthopelagic fish (37). However, Neves et al. (38) 
discovered that the MP content of pelagic fish species was 
higher than that of demersal fish species. On the other 
hand, recent studies reveal much larger abundances of MPs 
in demersal fish than in pelagic fish species (39, 40). Teuten 
et al. (41) also concluded that various fish species consume 
varying amounts of MPs due to differences in nutrition 
and consumption patterns. According to the findings of 
a study conducted in Bangladesh, the prevalence of MP 
was significantly higher in demersal fishes, which are fish 
that live and feed on or near the bottom of the water in 
an aquatic environment, in comparison to benthopelagic 
and pelagic fishes. Demersal fishes were also found to have 
significantly higher levels of MP than benthopelagic fishes 
(8). Due to the fact that the sediment beneath the water 
serves as a sink for MPs and thus contains a significant 
amount of MPs, demersal and benthoplagic fish may have 
been subjected to more MPs than pelagic species (20).

In addition, the feeding habits of the fish also influence the 
total of MP’s. The consumption of microplastics by fish may 
be influenced by feeding patterns, the habitat of fish, and 
the abundance of plastic material in the aquatic system 
(17). Furthermore, the habit of omnivores, carnivores, and 
herbivores may be responsible for a higher percentage 
of MP consumption (20). O. niloticus, L. hoeveni, and 
A. testudineus were omnivores while L. hoeveni was 
carnivore. Consequently, in this study, omnivore was the 
highest among the MPs. Previous research has shown 
that omnivorous fish collect a broader range of MPs than 
herbivorous and carnivorous fish (42). In overall, when 
considering diet, omnivorous fish had the greatest MPs 
content, while carnivorous fish had the lowest MPs content.

The findings of this research indicated that the feeding 
zone (demersal, benthopelagic, and pelagic) and feeding 
habit (carnivore, omnivore, and herbivore) play significant 
roles in the consumption of MP by a variety of fish species. 
This finding indicates the abundance of high-density MPs 
and other polymers at the pond’s bottom. This finding is 
consistent with previous research on fish freshwater from 
China (20) and the fish freshwater from Thames River in 
London (43).

Based on the results from FTIR, polypropylene (PP) was 
the common polymer found in freshwater. These results 
can be compared to previous studies that analyzed MPs 
in freshwater habitats, which found 35.7% of total MPs in 
the Pearl River (2), 30.6% in the Manas River, 39% in the 
Qin River, 29.4% in the Antu River, and 4% in the Saigon 
River (20). Additionally, previous studies stated that 24% 
of the significant components of MPs found in freshwaters 
globally were considered PP material (12) which mainly 
produces packaging materials and fishing equipment (3). 

Polyethylene (PE) also was dominant in this study, and 
Plastics Europe stated that PE is one of the most produced 

plastics in the world. Many potential sources of PE in the 
water could be traced back to human fishing activities, such 
as the use of fishing tools and other plastic product in the 
vicinity of the water. For instance, researchers discovered 
a significant amount of PET, PP, and PS in Dongshan Bay, 
an area that is extensively utilized for aquaculture (39).

Conclusion
In this study, MPs were present in different fish species: 
Siluriformes sp., Oreochromis niloticus, Leptobarbus 
hoevenei, and Anabas testudineus. The MPs abundance 
was determined to be 29.2% in the GIT of 12 different 
fishes. Film was the highest morphotype at 35% of the 
total MPs. White was the dominant color at 28.2% MPs, 
and MPs size < 500 μm was the highest at 57.5%. MPs 
abundance was influenced by the different feeding zones 
of fish: the abundance in the demersal fish A. testudineus 
was the highest followed by pelagic fishes Siluriformes sp 
and L. hoeveni; the lowest was benthopelagic which is O. 
niloticus. The MPs detected in GIT of the collected fishes 
are largely PE and PP, with sources of urban waste and 
consumer usage. 

This work significantly adds to our understanding of the 
possible effects of plastic pollution in freshwater at a 
fishpond near the edge of a paddy field and the factors 
influencing MPs ingestion by fish.
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