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Abstract 

Microplastic pollution is a global problem, but little is known about the degree of 

microplastic contamination in tropical rivers, and even less is known of contamination 

levels in the animals in these systems. Additionally, there is a gap in knowledge 

regarding the extent of microplastic pollution in rapidly developing regions, where 

environmental infrastructure (e.g. sewage systems) and waste management are often 

inadequate. This study assessed the microplastic loads in invertebrates and fish in the 

Semenyih River, Malaysia. The Semenyih is a rapidly urbanising catchment on edge of 

Kuala Lumpur, Malaysia’s capital city. Microplastic contamination levels in river 

sediment and water were assessed at 8 sites along the river to develop a better 

understanding of the relations between environmental contamination levels and body 

loads of fish and invertebrates. Relations between body sizes and feeding preferences 

of animals were also examined. Microplastic loads in animals were assessed using two 

methods, one capable of detecting material in the 0.1-5 mm size range (low-

resolution, manual microscopy), and the other down to 0.004 mm (semi-automated 

high-resolution, counterstaining dye method). Thus, microplastics including 

nanoparticles were assessed as part of this research. 

 

Using the widely used low-resolution method, 94.7% of fish, 44.2% of insect larvae, 

and 58.3% of mussels were found to contain microplastic. For the four insect families 

studied, this low-resolution method detected an average of 1.1 pieces of microplastic 

per individual. When expressed per body weight, individuals of these families 

contained an average of 11.06 pieces of microplastic per mg of dry tissue. Numbers 
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increased markedly when the high-resolution method was used, with an average of 

128.8. pieces per individual and 704.3 per mg dry weight for the four insect families. 

The overall ratio between microplastic detected using high- and low-resolution 

methods was around 120:1.  

 

Microplastic loads in aquatic animals varied between major taxonomic groups (i.e. 

between fish, mussels, and insects) but not between all four of the insect families 

studied; Hydropsychidae contained more pieces per individual than Simuliidae, but 

Baetidae and Chironomidae did not differ significantly from each other or the other 

insect taxa. Microplastic contamination of water and sediment differed significantly 

between sites. However, there was no simple direct relationship between bed 

contamination levels and body loads in invertebrates at the site.  Analysing all the 

taxonomic groups together, there was a significant relationship between body size and 

contamination levels; the same positive relation was found for insects and mussels but 

not fish.   

 

Fibre was the most abundant microplastic in water and sediments in the Semenyih 

River, though fragments were present in greater abundance on the bed than in the 

water column. There was a much greater prevalence of fragments in the bodies of 

animals than either in the water column or in the sediment. Microplastic loads differed 

significantly between functional feeding groups when expressed as microplastic 

concentration per mg of dry tissue, with filterers containing less microplastics in their 



 
 

3 
 

tissue per unit weight than gatherers. Invertebrates and fish ingested microplastic of 

all four different shapes (beads, fibres, fragments, and films).   

 

The work shows widespread contamination by microplastic in the Semenyih River and 

its aquatic biota. Organisms appear to ingest microplastics in ways that do not simply 

reflect their gross abundance in the environment but reflect their mode of feeding.  

Contamination loads also reflect body size, although differences between taxa depend 

on whether the load is expressed simply as pieces of microplastic per individual or unit 

body weight. The work also indicates that body loads may be much higher than 

suggested using conventional low-resolution enumeration methods, averaging 120 

times greater across the four insect families when the high-resolution method was 

used. The high-resolution method applied in this study is more time-consuming than 

low-resolution ones, so may not always be practical. However, the 120:1 ratio could 

potentially be applied to data generated using the low-resolution method, to provide 

an estimate of the likely true load in the body of aquatic organisms.    
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1. Introduction 

1.1 Background  

Plastic,  a ubiquitous material with a thousand uses, has taken over many aspects of 

daily life. The first synthetic plastic, Bakelite, was introduced at the beginning of the 

twentieth century (Klun et al., 2022). Its beneficial properties, such as its lightweight, 

durability, corrosion resistance, and low cost, have made plastic one of the world's 

most important and widely used man-made materials. Since its commercial 

introduction in the mid-twentieth century, plastic production and consumption have 

grown at exponential rates, particularly for single-use purposes (Andrady and Neal, 

2009). Plastic production now takes up 6% of the world’s oil consumption (World 

Economic Forum, 2016). Against this background trend of increased use, the  COVID-

19 pandemic has enhanced consumer reliance on single-use plastic, especially for 

hygiene purposes. An estimated 3.4 billion tonnes of single-use plastic waste related 

to personal protective equipment has been generated daily since the start of the 

outbreak (Benson et al., 2021). Not all plastics are recycled, and as of 2015 79% of 

global plastic waste was either disposed of in landfills or released into the environment 

in an uncontrolled manner (Geyer et al., 2017).  

 

Due to the long-lasting nature of this synthetic material, plastic waste does not 

decompose but breaks down into smaller fragments when released into the 

environment. According to their size, these fragmented plastic materials can be 

classified as macroplastics (>25 mm), mesoplastics (5mm to 25mm), microplastics (< 

5mm), and nanoplastics (< 0.1um) (Boyle and Örmeci, 2020). Of these groups, only 
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microplastics have been classified into several types based on their source and shape. 

According to their source, microplastic can be divided into two categories: primary 

microplastic and secondary microplastic. Primary microplastics are microplastics that 

were initially manufactured in the micron size range. This includes plastic resin pellets 

used as industrial raw materials for the plastic industry (Mato et al., 2001), micron-

sized polyester film that is used as glitters (Yurtsever, 2019), and plastic microbeads 

used as mechanical exfoliants in pharmaceutical and personal care products (Chang, 

2015). On the other hand, secondary microplastics are derived from the fragmentation 

of larger plastic waste. Secondary microplastics account for the vast majority of 

microplastics found in the environment (Xia et al., 2022). This includes microfibres 

released during the washing of synthetic textiles (Napper and Thompson, 2016), 

synthetic rubber fragments derived from car tyre shedding (Sommer et al., 2018), and 

fragmentation of larger plastic waste via a variety of mechanisms such as 

photodegradation (Andrady et al., 2003), biodegradation (Shah et al., 2008), and 

environmental erosion (Andrady, 2017).  

 

Microplastics can be grouped into four shapes: (1) films, (2) fragments, (3) fibres, and 

(4) beads, see figure 1.1. The shape of microplastics can be used as a general indicator 

of their origin (Ugwu et al., 2021). For example, films are thin plastic sheets that are 

usually formed from degraded plastic bags. In contrast, fragments are thicker and 

result from the degradation of a variety of plastic products. Fibres, on the other hand, 

are long cylindrical plastics with equal diameters along their long axis and are 

frequently released during the washing of synthetic textiles. Finally, beads are 
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distinguished by their perfectly spherical shape and are often found in personal care 

products (Kooi and Koelmans, 2019). 

 

Much attention has been paid to microplastics, especially as they can pass through 

wastewater treatment plants and be released into rivers and oceans more easily than 

larger materials (Murphy et al., 2016).  The problem posed by microplastic is discussed 

in the following section. 

 

 

Figure 1.1. Microplastics with different shapes extracted from freshwater organisms 

sampled from the Semenyih River, Malaysia (a, fragment; b, film; c, fibre; d, bead).  

Photos by author.

Figure 0.1.1 

a 

d c 
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1.2  Microplastic pollution 

Microplastics are not a new pollutant. Plastic debris was first reported in the 

environment in the 1970s when researchers found that microplastics were ingested 

by more than half of the fish species sampled from coastal waters of southern New 

England (Carpenter et al., 1972). Nonetheless, microplastics were only considered as 

a contaminant of emerging concern in the early 2000s, after mounting evidence that 

marine animals ingested microplastics (Browne et al., 2007; Thompson et al., 2004). 

 

Now, because of its pervasiveness in our daily lives, plastic has emerged as a potential 

marker for the Anthropocene strata (Zalasiewicz et al., 2016). Despite more easily 

degradable polymers such as oxo-biodegradable plastics made from polyethene and 

additives having been produced to tackle plastic pollution, the issue remains – not 

least because of the ongoing degradation of larger plastic waste already in the 

environment into microplastics (Thompson et al., 2009). Microplastics will continue to 

accumulate in the environment due to their long-lasting characteristics, with the level 

of plastic pollution now exceeding the planetary boundary's safe operating space 

(Persson et al., 2022). 

 

Microplastic contamination is ubiquitous. At least 5 trillion plastic particles are 

currently floating in the ocean, with 92 per cent of them being microplastics (Eriksen 

et al., 2014). These plastic particles have a wide range of effects on ecosystems. 

Microplastic can entangle or be ingested by smaller organisms, and this may further 

lead to a change in ecosystem services such as carbon cycling (Rillig et al., 2021) and 

ocean carbon sequestration (Shen et al., 2020). Ingestion of microplastic, for example,  
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results in a higher chance of mortality, skin lesions, and a lower reproduction rate of 

earthworms, which has influenced the soil carbon cycle by decreasing organic matter 

transportation into deeper soil layers (Büks et al., 2020). 

 

A critical issue is that a wide range of additives is used in plastic production to improve 

durability and performance (Hahladakis et al., 2018). Some of these additives, such as 

Bisphenol A (BPA), are endocrine disruptors that are harmful to human and animal 

health even in low doses. Although many of these toxic additives have been banned, 

previously manufactured plastics are still present in the environment, and the 

ingestion of these materials poses a problem to aquatic organisms and, via trophic 

transfer, potentially to humans (Barboza et al., 2020). Moreover, the fragmentation 

and ageing of microplastics will enhance the biofouling and pollutant sorption rate 

(Binda et al., 2021; Hüffer et al., 2018). Thus, microplastics can act as a vector and 

increase the bioavailability of environmental pollutants and pathogens in ecosystems 

(Atugoda et al., 2021).  

 

1.3 Problem statement 

Despite the adverse environmental impact of microplastics being widely studied, 

relatively few studies have been conducted to investigate microplastic pollution in 

freshwater ecosystems compared to marine systems (Akdogan and Guven, 2019). 

Furthermore, microplastic research is primarily conducted in the laboratory, with few 

studies evaluating its impact on the natural environment (O’Connor et al., 2022). 

Published field data on freshwater systems has primarily focused on the abundance of 
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microplastics in water and sediment;  although numbers are growing, there have been  

few field studies assessing levels of microplastic contamination in freshwater  

organisms (Kukkola et al., 2021). As a result, more field research is needed to gain a 

better understanding of the occurrence and abundance of microplastics in freshwater 

organisms, the characteristics of microplastics, and the factors that influence 

freshwater organisms' intake of microplastics. In addition, a pervasive problem is that 

most studies only focus on larger-sized microplastics (see Literature Review). It is 

possible therefore that by ‘missing’ finer materials, much current work 

underestimates microplastic body loads in animals.  

 

More broadly, information on microplastic pollution in freshwater environments is 

geographically fragmented, with most publications coming from Europe, North 

America, and China (Blettler et al., 2018). Thus, information on the extent of 

microplastic pollution in rapidly developing regions, where environmental 

infrastructure such as sewage systems and waste management are commonly 

inadequate, is lacking (Chen et al., 2021b). 

 

Malaysia has been identified as a hotspot of microplastic pollution, largely because its 

rivers are the world's third-largest source of plastic pollution in the ocean (Meijer et 

al., 2021). However, few microplastic studies have been conducted in the country. To 

date, 19 studies in Malaysia have been conducted to investigate microplastic pollution 

in the environment (see table 1 in Literature Review), but only five were conducted in 

freshwater environments. Only one out of the five studies examined body loads of 
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microplastic in fish. Thus, there are no adequate field data on the occurrence and 

abundance of microplastics in freshwater organisms in Malaysia. 

 

1.4 Aim and objectives of the study 

The overall aim of this study is to assess the microplastic loads in freshwater 

invertebrates and fish in the Semenyih catchment, in Malaysia.   

 

The research has the following objectives: 

 

i. To assess the nature and extent of microplastic contamination in 

freshwater organisms. This objective focuses on determining the number of 

individual pieces of microplastic found in aquatic animals and their 

frequency (the proportion of individual organisms of the same family that 

ingested microplastic), using both lower- and higher-resolution microplastic 

enumeration methods.  

ii. To examine the spatial differences in microplastic loads in aquatic animals 

in relation to site contamination levels.  This objective is to understand 

whether animals at highly contaminated sites have more microplastic in 

their bodies than those at less contaminated ones, as might logically be 

expected.   

iii. To assess the factors influencing microplastic ingestion of freshwater 

organisms. The objective is to understand the extent to which site 

contamination level, feeding preference and body size influence the amount 

of microplastic ingested by freshwater fish and invertebrates. 
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iv. To evaluate the composition and characteristics of microplastic consumed 

by fish and invertebrates. This objective is to determine the shape and 

colour of microplastic ingested by freshwater fish and invertebrates and 

compare these characteristics to microplastic found in the river to see if 

availability and ingestion are related. 

 

1.5 Significance of the study 

This is the first study in Malaysia to provide information on the extent of microplastic 

pollution in freshwater organisms. Furthermore, this study looked at microplastic load 

across a diverse taxonomic range, providing data on microplastic pollution in 

Malaysia's freshwater ecosystem across various taxonomic groups and trophic levels. 

Notably, it uses both lower and higher resolution techniques (the later capable of 

detecting materials in the nano size-range), in order to provide a more complete 

picture of body loads. The work represents a critical starting point for informing 

management and policy in Malaysia, to combat microplastic pollution in freshwater 

environments in the country. 
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2. Literature review 

Small plastic debris has been reported from every continent on the planet (Shahul 

Hamid et al., 2018); for instance, deep-sea sediment in the remote Antarctic region 

has been described as a microplastic sink due to its high microplastic load (Woodall et 

al., 2014). Moreover, microplastics were also found in the snow and water samples 

from the Mount Everest (Napper et al., 2020). However, many of the studies 

conducted to date have focused on marine microplastic pollution (Akdogan and 

Guven, 2019; Chen et al., 2021). In contrast, less attention has been given to 

microplastic pollution in the freshwater environment, although as the threats to 

freshwater ecosystems become clearer, more research is being directed to lakes and 

rivers.  

 

The freshwater ecosystem acts as a biodiversity reservoir. Despite covering only 0.8% 

of the Earth's surface area, it contains up to 6% of the world's biodiversity (Dudgeon 

et al., 2006). Though, the ecosystem is challenged by a variety of anthropogenic 

stressors such as climate change, land cover change, eutrophication and the 

introduction of alien species (Angeler et al., 2014). As a result, 82 % of the global 

population relies on upstream freshwater sources that are severely threatened (Green 

et al., 2015). 

 

Due to their small size, microplastics can be easily ingested by organisms and so are 

highly bioavailable in the environment (Botterell et al., 2018). Furthermore, 

microplastics are a vector that promotes pollutant bioaccumulation and pathogen 

transport in the environment (Amelia et al., 2021). They have created an ideal 
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environment for attached pathogens to develop higher antimicrobial resistance genes 

because of their ability to absorb pollutants (Bowley et al., 2021). This is alarming as 

recent research suggests that airborne microplastic from clinical waste contaminated 

with SARS-CoV-2 may aid the transmission of the virus in the environment (Liu and 

Schauer, 2021). Moreover, some plastics contain additives and potentially harmful 

substances that have adverse impacts on environmental and human health when 

released into the environment (Hahladakis et al., 2018). 

 

Understanding the impact of microplastic on the freshwater ecosystem is critical for 

better management and the development of policies designed to reduce the impact 

of this material. Accordingly, the purpose of this review is to summarise knowledge of 

(1) the sources and factors influencing microplastic abundances in freshwater 

ecosystems, (2) the occurrence and ecological impacts of microplastics, with a 

particular focus on what is known about Southeast Asian freshwater ecosystems, and 

(3) the factors determining microplastic abundance in freshwater organisms. The 

review concludes with a summary and a section which identifies key knowledge gaps 

and makes recommendations to address these gaps.  

 

2.1 Microplastics in the freshwater environment 

When compared to microplastic-related studies conducted in marine ecosystems, 

freshwater microplastic pollution is still a relatively new research area. The presence 

of microplastics in freshwater systems was first reported in 2012 in Lake Geneva, 

where researchers discovered the presence of macro- and microplastics in the water 

column and fish collected from the lake (Faure et al., 2012). The first microplastic 
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occurrence in the riverine environment was reported in 2014, with evidence of 

microplastic ingestion in wild Gudgeon (Gobio gobio) from the French rivers (Sanchez 

et al., 2014). Chen et al (2021) provided a detailed synthesis of the number of papers 

on marine and freshwater systems, as well as the geographic spread of published 

work. Since the first paper in 2014, an increasing number of studies have found 

microplastics in both lentic (standing waters like lakes, ponds, and swamps) and lotic 

(flowing waters like rivers and streams) freshwater ecosystems (Kukkola et al., 2021).  

 

Microplastics enter the freshwater ecosystem via a diverse set of pathways (Wang et 

al., 2021). Like many other contaminants, microplastics in freshwater systems 

originate from point and non-point sources. The former are more easily identified, 

which include wastewater treatment plants (WWTPs), domestic drainage, and 

industrial discharges (Kataoka et al., 2019). Non-point sources include microplastics 

delivered to lakes and rivers as a result of runoff from urban and agricultural areas and 

atmospheric deposition (Kataoka et al., 2019). Primary microplastic, such as 

manufactured resin pellets, is often found in close proximity to plastic processing 

plants, while secondary microplastic found in water samples may be more difficult to 

pin to a source. 

 

When looking at the domestic sources, microplastics are released from laundry 

activities and entered wastewater channels and pipes. Before entering natural waters, 

the effluent is typically, but not always, treated by WWTPs (Gaylarde et al., 2021). 

However, most WWTPs were not designed to remove microplastics, and microplastics 
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are still able to pass through the WWTP's bioreactor and effluent polishing systems 

(Leslie et al., 2017). As a result, many studies found that WWTPs did not lead to a 

reduction in microplastic concentrations in domestic wastewater before water was 

released to rivers (Leslie et al., 2017; Stanton et al., 2020). Nevertheless, evidence of 

effective microplastic removal in domestic wastewater via WWTPs has also been 

reported. A field study in the Clyde River in Scotland reported a 98 per cent removal 

of microplastics after wastewater treatment, but the authors also acknowledged the 

large volume of treated effluent released into the river from the WWTP as a potential 

source of microplastics (Murphy et al., 2016). 

 

Another source of microplastic contamination is domestic wastewater released 

directly to drainage systems. This type of contamination can therefore be considered 

an impact of urbanisation (Dikareva and Simon, 2019; Kataoka et al., 2019), with urban 

rivers sometimes suffering extreme microplastic pollution (Blettler et al., 2018). 

Domestic wastewater often includes a large number of microscopic textile fibres, 

resulting from the domestic washing of textiles, primarily synthetic clothing (Murphy 

et al., 2016). Microplastics are also present in personal care products such as skin 

cleansers and toothpaste, which may also be discharged directly into watercourses 

(Duis and Coors, 2016).  

 

The lack of proper waste management can result in a large number of microplastics 

being released directly into the environment. For example, due to the lack of a WWTP 

in Lahore City, Pakistan, the Ravi River received a large amount of microplastic directly 

from sullage carriers (Irfan et al., 2020). Similarly, African rivers have been reported to 
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have high microplastic concentrations as a result of the region's limited plastic waste 

management strategy (Alimi et al., 2021). 

 

Atmospheric transport is another route for microplastic. Atmospheric microplastics 

can directly enter inland waters via dry atmospheric deposition. This was found in both 

rural and urbanised areas by Bianco and Passananti (2020) and Stanton et al (2020). 

Microplastic in such fallout is dominated by fibres (Cai et al., 2017). Furthermore, 

microplastics in the atmosphere can be washed into freshwater ecosystems along with 

microplastics on land via rainfall and surface runoff (Stanton et al., 2020; Xia et al., 

2020).  

 

 

Figure 2.1 Microplastic budget of the Semenyih River. Figure adapted from Chen et al 

(2022). 
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Runoff from urban surfaces is an obvious source of microplastics (Figure 2.1). Chen et 

al (2022) found roads had the highest microplastic concentration compared to other 

sources such as industrial, residential, WWTP, and atmospheric deposition sampled in 

Semenyih River, Malaysia, with 36 per cent of the sampled microplastics being 

styrene-butadiene rubber fragments, a synthetic rubber commonly used for car tires. 

A study in Norway estimated daily tire tread emissions of approximately 8.1 kg per day 

draining a road junction that extended for approximately 0.75 km; this equates to 

around 3,000 kg of tread per year (Vogelsang et al., 2018). Rainfall and surface runoff 

aided in the deposition of microplastics in the atmosphere (Bianco and Passananti, 

2020) and the remobilisation of microplastic settled on the riverbed (Chen et al., 

2021a). In many developed countries, processed sewage sludge is applied as fertiliser 

in agricultural areas (Nizzetto et al., 2016b). However, The high concentrations of 

microplastic trapped in sewage sludge may be a source of microplastic in rivers after 

it is repurposed as biosolids for agricultural use (Leslie et al., 2017; Stanton et al., 

2020).  

 

It is clear that there are multiple sources of MP in freshwater, with these often-

contributing different types of microplastics (e.g., airborne material dominated by 

fibres). This finding suggested that microplastic load is highly dependent on the 

surrounding sources and varies temporally and spatially in the freshwater ecosystem.  

 

2.1.1 Microplastics in the lotic ecosystem 

A high concentration of microplastic was reported from rivers. In a highly urbanized 

river in Chicago, USA, the concentrations of microplastic equalled or exceeded those 
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in the oceans and the Great Lakes (McCormick et al., 2014, 2016). In Asia, the average 

concentration of MPs has been found to be as high as 0.71 particles per litre in the 

urban Pearl River, China (Fan et al., 2019). Nevertheless, the fate of microplastic in 

running waters is complex. Spatial and temporal variation in microplastic in lotic 

systems is influenced by hydrological (Klein et al., 2015; Rodrigues et al., 2018) and 

anthropogenic factors (Chinfak et al., 2021; Dikareva and Simon, 2019). 

 

Nizzetto et al., (2016) used a modelling approach to help understand the factors 

influencing the transport and retention of microplastic in catchments, including 

terrestrial soils and riverbed sediments. They reported strong hydrological controls on 

microplastic dynamics, with deposition, storage, and retention of microplastic 

predominant in streams with low stream power. While this was a modelling study that 

lacked field-based validation, their general conclusions have been supported by the 

small number of studies that have been conducted on this topic. Besseling et al (2017), 

for example, found that sedimentation and resuspension of microplastics are 

governed by the river width, depth, and discharge. These channel scale variables 

interact to produce the hydraulic conditions (e.g., shear stress) that directly influence 

the entrainment and transport of bed material. For instance, the river bed will act as 

the temporary sink of microplastics during low flow (Stanton et al., 2020).  

 

Due to differences in the density and shape of microplastics compared to fine 

sediment, they settled and are entrained under different hydraulic conditions. Pore-

scale microplastics (20–50 µm) are more likely to be accumulated in the hyporheic 
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zone of the river (Frei et al., 2019). Larger and denser microplastics, on the other hand, 

are more likely to be transported back into the water column and fragmented as a 

result of the hyporheic exchange, even at low flow rates (Drummond et al., 2020). 

Nevertheless, just as fine sediment, the behaviour of microplastics (e.g. whether they 

are entrained or not) can be explained using hydraulic parameters such as shear stress 

and represented using Shield’s diagrams (Waldschläger and Schüttrumpf, 2019).  

 

River flow affects the microplastic concentrations (due to dilution of the total load) 

and transport versus settlement rates (Su et al., 2018). For example, a WWTP on 

Africa's Mvudi River increased the volume of water in the river and diluted the 

microplastic concentration in the river by increasing the flow of treated wastewater 

into the system (Dalu et al., 2021). Samples collected before and after catchment-wide 

flooding in the upper Mersey and Irwell catchment, United Kingdom, also showed a 

significant reduction in microplastics in the riverbed as the microplastics in the river 

were entrained and transported downstream towards the ocean (Hurley et al., 2018). 

This finding corresponded to the global model that shows rivers as the expressways 

that transport microplastics into the world’s oceans (Lebreton et al., 2017). In turn, 

the model indicates how understanding ocean contamination requires us to 

understand freshwater source areas.  

 

Now, most of the publications available on freshwater microplastic pollution were 

conducted in Europe, North America and China (Blettler et al., 2018), and information 

on freshwater microplastic pollution in other regions is still scare. In Asia, the majority 

of studies were conducted in China, leaving information from other Asian countries 
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lacking (Chen et al., 2021c; Kukkola et al., 2021). This geographical gap is concerning 

as environmental pollution issues are present in many Asian countries due to rapid 

urbanisation (Zafar et al., 2020). Moreover, Southeast Asian countries such as 

Malaysia, Vietnam and Thailand were now known as the main importer of global 

plastic wastes (Liang et al., 2021), but information related to microplastic pollution in 

the region remains limited (Chen et al., 2021). 

 

2.2 Microplastic pollution in Malaysia 

2.2.1  Scale of the problem 

Malaysia's plastic industry contributes significantly to the country's economy. In 2020, 

the plastic manufacturing sector in Malaysia reported an annual 2.3% rise in sales 

turnover to RM48.46 billion, due to the high demand for plastics goods from the 

essential sectors during the COVID-19 pandemic (Malaysia Plastic Manufacturer 

Association, 2021). However, plastic wastes in Malaysia were mainly unrecycled and 

landfilled (Chen, et al., 2021). The rapid urbanisation, lack of environmental 

infrastructure and limited proper waste management in the country has resulted in 

notable adverse environmental and economic impacts the country (World Bank, 

2021). Consequently, Malaysia is a potential hotspot of freshwater microplastic. This 

is borne out by a modelling study which showed 9% of the total plastic waste 

generated in the country was released into the global ocean annually, making the 

country the world's third largest emitter of plastics to the marine environment (Meijer 

et al., 2021).  
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2.2.2 Microplastics contamination in Malaysia 

To date, microplastic occurrences were reported in all nineteen field studies 

conducted in Malaysia (manual search on Scopus with keywords: “microplastic” and 

“Malaysia”; Table 1). The majority of the studies were conducted on Peninsular 

Malaysia's East Coast, with Terengganu being the most studied state in the country 

(Table 1). Only five of the nineteen studies concerned freshwater environments, and 

only one of them looked at the abundance of microplastics in freshwater organisms.  

 

The majority of studies conducted in the freshwater environment assessed 

microplastic loads in the surface water of Malaysian rivers (Table 1). The average 

microplastic concentration of surface water ranged from 0.0042 pieces per cubic 

metre (Cherating River, Terengganu; Pariatamby et al., 2020)  to 102.8 pieces per cubic 

metre (Dungun River, Terengganu; Yang Hwi, Shuaib Ibrahim and Wan Mohd Khalik, 

2020). Sarijan et al (2018) provided the only data for MP in sediments in freshwater 

systems in Malaysia; it consisted of data from only a single site on each river, collected 

on a single sampling date (December). Average concentrations of MP in sediments 

(from 3 replicate samples per site) were 200 (River Skudai) and 680 (River Tebrau) 

particles per kg. In addition, fish were also collected from the River Skudai, where the 

researcher identified an average of 1.07 ± 1.76 pieces of microplastics per individual 

of fish sampled (Sarijan et al., 2019).  

 

This knowledge gap is consistent with findings from other countries where freshwater 

microplastic pollution research is limited (Bellasi et al., 2020; Kumar et al., 2021). 
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However, understanding the abundance, source, and fate of microplastic in the 

freshwater ecosystem is critical, as microplastic is listed as one of the emerging threats 

to freshwater biodiversity (Reid et al., 2019). As a result, scientists and policymakers 

in Malaysia need a better understanding of the risks posed by microplastic in the 

country, and the starting point for this is to assess the loads in animals  (Krause et al., 

2021; Kukkola et al., 2021; Meng et al., 2020). The following sections review what is 

known about body loads in and the impacts of microplastic on organisms. As far as 

possible literature is drawn from tropical Southeast Asia, but because of the 

insufficient research from Malaysia, the section it is not possible to cite examples of 

impacts in the country. 
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Table 1. Publications of microplastic occurrences in marine and freshwater environments in Malaysia (Scopus; December 2022), with mean 

microplastic concentration ± SD, if available.   

Ecosystem Location Sample Microplastic extraction method Mean microplastic 

concentration  

References 

Marine Santubung 

Beach 

 

Sediment NaCl (1.2 g cm-3) 30 minutes; HCl 

(37%) + HNO3 (65%) 10 hours 

0.0358 ± 0.062 pieces g-1 Noik and Tuah 

(2015) 

 Trombol 

Beach 

Sediment NaCl (1.2 g cm-3) 30 minutes; HCl 

(37%) + HNO3 (65%) 10 hours 

1.7343 ± 2.173 pieces g-1 Noik and Tuah 

(2015) 

 Straits of 

Johor 

Sediment H2O2 (30%) 1 week; Nal (1.6 g cm-3) 

3 hours 

4 pieces kg-1 Matsuguma et al 

(2017) 

 Kuala Nerus Surface water Direct filtration 0.41 ± 0.28 pieces L-1 Khalik et al (2018) 

 Kuantan Port Surface water Direct filtration 0.145 ± 0.005 pieces L-1 Khalik et al (2018) 

 Setiu 

Wetlands 

Asian Sea Bass 

(Lates calcarifer) 

NaOH (10M) 60°C, 21 days 1124.5 pieces individual-1 Khalik et al (2017) 

  Polychaete 

(Namalycastis 

sp) 

NaOH (10M) 60°C 34.5 pieces individual-1 Hamzah et al (2021) 
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  Surface water NaCl 0.36 ± 0.250 pieces L-1 Ibrahim et al (2021) 

  Sediment NaCl 5.97 pieces g-1 Ibrahim et al (2021) 

 Terengganu 

Coasts 

Surface water Direct filtration Offshores: 211.2 ± 104 

pieces m-3 

Estuaries: 421.8 ± 110 

pieces m-3 

Taha et al (2021) 

  Zooplankton HNO3 (65%) 80 °C, 

30 minutes 

0.104 pieces individual-1 Taha et al (2021) 

  Sediment NaCl (1.2 g cm-3) 2.07 pieces m-3 Hamza et al (2020) 

 Klang River 

estuary 

Gastropod 

(Nerita sp and  

Chicoreus sp) 

HNO3 (69%) + H2O2 (30%) 50°C, 30 

minutes; NaCl (1.2 g cm-3) 

0.92 pieces g-1  Zaki et al (2021a) 

  Surface water Wet peroxide oxidation 75 ℃; NaCl 2.47 ± 1.19 pieces L-1 Zaki et al (2021b) 
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 Pangkor 

Island 

Sea cucumber 

(Stichopus 

horrens)  

NaOH 40 °C,  

72 hours 

72.3 pieces individual-1 Muhammad Husin 

et al (2021) 

 Remis Beach Commercial 

marine fish 

KOH (10%) 40 °C,  

72 hours 

9.88 pieces individual-1 Jaafar et al (2021) 

 Cape 

Penyabung 

Commercial 

marine fish 

KOH (10%) 40 °C,  

72 hours 

5.17 pieces individual-1 Jaafar et al (2021) 

 Miri coast Sediment H2O2 (30%), 24 hours; ZnCl2, 24 

hours 

14.5 pieces g-1 Alexander Tampang 

and Viswanathan 

(2022) 

 Kebagu 

Beach 

Sediment NaCl (1.2 g cm-3) 131 pieces m-2 Zahari et al (2022)  

 ODEC Beach Sediment NaCl (1.2 g cm-3) 66 pieces m-2 Zahari et al (2022)  

Freshwater Skudai River 

 

Sediment H2O2 (30%), 1 week; NaCl (1.2 g cm-

3), 3 minutes 

200 ± 80 pieces kg-1 Sarijan et al (2018) 
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 Fish KOH (10%, 1:10 v/w), 2 days; NaCl 

(1.2 g cm-3), 2 minutes 

1.07 ± 1.76 pieces 

individual-1 

Sarijan et al (2019) 

 Tebrau River Sediment H2O2 (30%), 1 week; NaCl (1.2 g cm-

3), 3 minutes 

680 ± 140 pieces kg-1 Sarijan et al (2018) 

 Cherating 

River 

Surface water Alcohol (20%), overnight 0.0042 pieces m-3 Pariatamby et al 

(2020) 

 Dungun River Surface water H2O2 (30%) room temperature, 24 

hours 

102.8 pieces m-3 Yang Hwi et al 

(2020) 

 Langat River Surface water Wet peroxide oxidation, 75 ℃ 4.39 ± 5.11 pieces L-1 Chen et al (2021a) 
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2.3  Microplastics in freshwater organisms 

2.3.1 Microplastic occurrence in freshwater organisms 

Microplastic is distributed across all trophic levels in freshwater ecosystems. A high 

abundance of microplastic was found entangled with and absorbed by macroalgae 

(Cladophora sp) in the Laurentian Great Lakes, North America (Peller et al., 2021). 

Microplastic was found to reduce the photosynthetic ability of microalgae (Chlorella 

sp) in a laboratory setting (Wu et al., 2019). This implies that microplastics entered the 

food web via primary producers, causing adverse effects on the freshwater ecosystem 

from the lowest trophic level. 

 

Microplastics have also been found in freshwater consumers such as invertebrates 

(Table 2) and fishes (Table 3). Due to their commercial importance, many studies have 

been conducted on freshwater fish species and identified microplastic in commonly 

consumed families such as Cyprinidae (Jabeen et al., 2017; Kasamesiri and 

Thaimuangpho, 2020; Sarijan et al., 2019), Cichlidae (Biginagwa et al., 2016; Sarijan et 

al., 2019), Bagridae (Kasamesiri et al., 2021; Kasamesiri and Thaimuangpho, 2020; 

Zhang et al., 2017), and Chanidae (Agustian Fareza and Sembiring, 2020). 

 

In comparison to freshwater fish species, the microplastic loads and their effects on 

freshwater invertebrates were less well understood (Azevedo-Santos et al., 2021). 

Table 2 compiled the studies that assessed microplastic load in wild freshwater 

invertebrates (manual search on Scopus with keywords: “microplastic”, “freshwater”, 

“river”, “lake”, and “invertebrate”). Freshwater invertebrates have a higher chance of 

interacting with microplastic because they are typically found in the benthos or bed 

https://www.fishbase.se/summary/FamilySummary.php?ID=130
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sediment, which serves as the microplastic sink in a freshwater environment (Nel et 

al., 2018; Stanton et al., 2020). For instance, 100% microplastic occurrence was 

reported in wild freshwater mussels (Unionidae) from Höje river, Sweden (Berglund et 

al., 2019). Freshwater benthic invertebrates not only provide energy to aquatic and 

terrestrial vertebrates, but they also play an important role in redistributing nutrients 

to lower trophic level organisms such as bacteria and algae (Covich et al., 1999). As a 

result, it is critical to understand the abundance of microplastics in freshwater 

invertebrates because of how, by impacting invertebrates, microplastic may influence 

nutrient and energy transfer within freshwater systems.  

 

However, it was worth noting that there is no standardised method for microplastic 

extraction, identification, and quantification (Caldwell et al., 2022; Lusher et al., 2020; 

O’Connor et al., 2020). As a result, publications included in this review have used a 

different method for microplastic extraction (Table 1) and identification and 

quantification for invertebrate (Table 2) and fish (Table 3) samples. Inconsistency in 

the extraction method will alter the microplastic load findings. Different extraction 

methods, such as the types and concentrations of solvent used, will have different 

extraction efficiency depending on the sample type. For instance, Hydrogen peroxide 

(H2O2) and Iron (II) Sulphate (FeSO4) were found to be most efficient in digesting 

organic matter derived from plants, whereas Potassium Hydroxide (KOH) was most 

suitable for animal tissue digestion (Kühn et al., 2017; Lusher et al., 2020; Prata et al., 

2019a).  
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Furthermore, the methods for identifying and quantifying microplastics were not 

standardised. Some studies only used a stereomicroscope to inspect microplastics, 

whereas some conducted an additional confirmation analysis on suspected 

microplastics using spectroscopy such as Raman and Fourier-transform infrared 

spectroscopy (FTIR) to identify the polymer type (Bertoli et al., 2022; McNeish et al., 

2018; Parker et al., 2022a). The magnification of the stereomicroscope used affects 

the size range of microplastic that the studies can detect. For example, higher 

microplastic abundance was reported in caddisfly larvae (Trichoptera) when a higher 

magnification stereomicroscope (120x; Parker et al., 2022a) was used compared to 

35x magnification (Windsor et al., 2019), as the higher magnification 

stereomicroscope has detected microplastic from a size range of 100 μm to 5000 μm, 

whereas the other study only detected size range from 500 μm to 5000 μm, see Table 

2. Despite the fact that both studies were conducted in the United Kingdom (Table 2), 

the spatial and temporal variation of microplastics must be considered when 

comparing the microplastic load of animals across different studies. As a result, future 

studies must use a method that is commonly used and best suits its sample type, as 

well as a higher magnification for data comparison with other studies and to avoid 

underestimation of microplastic load. 
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Table 2.  Publications of microplastic load (occurrence, abundance, and concentration) in freshwater invertebrates (Scopus; December 

2022), with the microplastic identification and quantification method used and the size range of microplastic, if available. Microplastic 

abundance and concentration were presented either as range or mean value. 

Class/Order Suborder/ 

Family 

MP 

occurrence 

(%) 

Mean MP 

abundance 

(items/ 

individual) 

MP 

concentration  

MP 

identification 

and 

quantification 

Size range 

(μm) 

Location Country Reference 

Amphipoda 
 

25 0.070 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 
33 0.110 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 
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Gammaridae - 0.092 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Annelida 
 

75 0.560 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 
67 0.560 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Naididae -  129 ± 65.4 

(SD) items/g 

Stereomicrosc

ope (20-50x) 

and FTIR with 

ATR 

50-5000 River Irwell United 

Kingdom 

Hurley et al 

(2017) 

Arachnida Hydrachnidiae - 0.057 - Stereomicrosc

ope (10-80x) 

and FTIR 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 
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microscope 

(μFT-IR) 

Arhynchobdellida Erpobdellidae - 0.570 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Bivalvia Cyrenidae 96 0.4-5.0 0.3/4.9 

items/g 

Stereomicrosc

ope (25-80x) 

and FTIR 

microscope 

(μFT-IR) on 

150 MPs 

21-4020 Yangtze 

River Basin 

China Su et al 

(2018) 

Unionidae 71.5 1.900 21 items/g Stereomicrosc

ope (7x - 45X) 

and Raman 

Microscope on 

60% of 

suspected MPs 

(up to 500x) 

21–298 Grand 

River 

Watershed 

Canada Wardlaw 

and Prosser 

(2020) 

100 25.310 - Stereomicrosc

ope 

- Höje river Sweden Berglund et 

al (2019) 

Coleoptera 

 

 33 0.290 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

https://en.wikipedia.org/wiki/Unionidae
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98 suspected 

MPs (≥ 100 

μm) 

Elmidae - 0.094 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

- 0.333 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

- 0.011 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

- 0.167 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 
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Decapoda Astacidea - 17.20 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Diptera 

 

 25 0.060 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 24 0.130 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Chironomidae 75 

(Summer)/ 

98 (Winter) 

- 0.37 ± 0.44 

(SD) items/mg 

(summer);1.12 

± 1.19 (SD) 

items/mg 

(winter) 

Stereomicrosc

ope (100x) 

- Bloukrans 

River 

South Africa Nel et al 

(2018) 

https://www.google.com/search?rlz=1C1ONGR_enMY983MY983&sxsrf=ALiCzsb30M7XLfNxkAFq34zcNnxZdZyCxA:1670575721502&q=Decapoda&stick=H4sIAAAAAAAAAONgVuLUz9U3MLJIzrJYxMrhkpqcWJCfkggAPe15qRgAAAA&sa=X&ved=2ahUKEwjb_czDk-z7AhWN4TgGHTkQBNAQmxMoAHoECDIQAg
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- 0.083 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

- - 0 - 2.87 

items/mg 

Stereomicrosc

ope (7.8-160x) 

and scanning 

electron 

microscope 

(SEM) 

< 500 Wu River 

Basin 

Taiwan Lin et al 

(2021) 

- 9.60 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

100 - 56.2 particles 

g−1  

Stereomicrosc

ope  

500-5000 Braamfont

ein Spruit 

South Africa Dahms et al 

(2020) 

Ephemeroptera 

 

 - 2.50 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

 50 0.74 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 
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MPs (≥ 100 

μm) 

 33 0.08 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Baetidae - 0-0.14 0-6  items/mg Stereomicrosc

ope (8-35x) 

and 

confirmation 

using light 

microscopy, 

bright- and 

dark-field 

spectroscopy 

(Olympus 

BX40) 

500-5000 Taff 

catchment 

United 

Kingdom 

Windsor et 

al (2019) 

Caenis - 0.067 - Stereomicrosc

ope (10-80x) 

and FTIR 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 
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microscope 

(μFT-IR) 

Ephemera - 0.667 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

Heptageniidae - 0-0.14 0-6  items/mg Stereomicrosc

ope (8-35x) 

and 

confirmation 

using light 

microscopy, 

bright- and 

dark-field 

spectroscopy 

(Olympus 

BX40) 

500-5000 Taff 

catchment 

United 

Kingdom 

Windsor et 

al (2019) 

Potamanthus - 0.200 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 
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Gastropoda 
 

67 0.290 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 
50 0.330 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Lymnaeidae 43.3 0.200 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

Neritidae 90 0.23±0.05 

(SEM) 

6.10±1.05 

(SEM; items/g) 

Stereomicrosc

ope and FTIR 

microscope 

(μFT-IR) 

- Rhine river Europe Akindele et 

al (2019) 

Ampullariidae 100 3.80±0.83 

(SEM) 

1.71±0.46 

(SEM; items/g) 

Osun River West Africa 

Thiaridae 80 1.70±0.42 

(SEM) 

4.57±1.07 

(SEM; items/g) 
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Hemiptera Corixidae - 1.363 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Hemiptera 

(Herbivorous) 

 20 0.120 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 33 0.090 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Hemiptera 

(Predatory) 

 
14 0.120 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

http://en.wikipedia.org/wiki/Hemiptera
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 33 0.300 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Isopoda 
 

44 0.170 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 
24 0.060 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Malacostraca Asellidae - 8.700 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 



 
 

48 
 

- 0.016 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy (Bertoli et 

al., 2022) 

Megaloptera 

 

 25 0.250 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

Sialidae - 3.667 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Odonata 

 

 36 0.240 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 48 0.290 - Stereomicrosc

ope (120x) and 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 
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FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

Calopterygidae - 0.40 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

- 0.043 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

Coenagrionidae - 0.100 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

- 0.455 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Gomphidae - 0.081 - Stereomicrosc

ope (10-80x) 

and FTIR 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 



 
 

50 
 

microscope 

(μFT-IR) 

Plecoptera Leuctra 12.4 0.003 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

Trichoptera 

 

 57 0.620 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

98 suspected 

MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

 46 0.240 - Stereomicrosc

ope (120x) and 

FTIR with 

micro-ATR on 

200 suspected 

MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Hydropsychidae - 0-0.14 0-6  items/mg Stereomicrosc

ope (8-35x) 

and 

  Taff 

catchment 

United 

Kingdom 

Windsor et 

al (2019) 
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confirmation 

using light 

microscopy, 

bright- and 

dark-field 

spectroscopy 

19.6 0.003 - Stereomicrosc

ope (10-80x) 

and FTIR 

microscope 

(μFT-IR) 

10-5000 Vipacco 

River 

Italy Bertoli et al 

(2022) 

Tubificida Tubificidae - 0.867 - FTIR 

microscope 

(μFT-IR) 

20−5000 Dommel 

River 

Netherlands Pan et al 

(2021) 

Multiple taxa 36 taxa 2 0.025 (50 

microplastic

s, 2010 

individuals) 

- Stereomicrosc

ope and FTIR 

with ATR  

700 - 

5000 

Garonne 

river 

France Garcia et al 

(2021) 

https://www.google.com/search?rlz=1C1ONGR_enMY983MY983&sxsrf=ALiCzsaRbIr6GylGLxXoojgFAem8evPmxw:1670575737094&q=Tubificida&stick=H4sIAAAAAAAAAONgVuLWT9c3NDIqyLGsyFjEyhVSmpSZlpmcmZIIAAbf5FIcAAAA&sa=X&ved=2ahUKEwieu4TLk-z7AhUB9DgGHTDBBSQQmxMoAHoECG0QAg
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High microplastic abundances have been reported in the freshwater surface water and 

sediment from Thailand (Ta and Babel, 2020), Indonesia (Buwono et al., 2021; 

Wicaksono et al., 2021), Viet Nam (Strady et al., 2021), Philippines (Osorio et al., 2021) 

and Malaysia (Chen et al., 2021a; Sarijan et al., 2018; Yang Hwi et al., 2020). To date, 

only four journal articles from the region have reported microplastic occurrence in 

freshwater fishes (Agustian Fareza and Sembiring, 2020; Kasamesiri et al., 2021; 

Kasamesiri and Thaimuangpho, 2020; Sarijan et al., 2019) but microplastic 

contamination in other freshwater organisms remained unknown. 

 

In Thailand, microplastic occurrences were reported in all fifteen common freshwater 

fish species studied (Kasamesiri et al., 2021; Kasamesiri and Thaimuangpho, 2020). 

Interestingly, the highest microplastic occurrence was reported in omnivorous fish 

from Chi River (Kasamesiri and Thaimuangpho, 2020), but microplastics were more 

commonly ingested by carnivorous fish in Ubolratana Reservoir (Kasamesiri et al., 

2021). 

 

In Malaysia, six ornamental and economically important freshwater fish species from 

the Skudai River, Johor, were assessed for the microplastic load (Sarijan et al., 2019). 

40% of the fish’s gastrointestinal tract (GIT) contained microplastic, with an average of 

1.07 ± 1.76 (mean ± SD) items per fish. A significant difference was found between the 

abundance of microplastic ingested by different species. For instance, the highest 

amount of microplastic (9 items/individual) was found in the Striped Catfish 
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(Pangasianodon hypophthalmus). However, no significant difference was observed 

when compared across different feeding habits of the fish. 

 

In contrast, milkfish (Chanos chanos) was the only freshwater species investigated in 

Indonesia (Agustian Fareza and Sembiring, 2020). Microplastics were found in fish 

sampled from all sampling locations, but the microplastic concentration in fish was not 

correlated with the microplastic concentration in water and sediment (Agustian Fareza 

and Sembiring, 2020). Nevertheless, none of these studies investigated the ecological 

impact of microplastic. 
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Table 3. Publications of microplastic load (occurrence, abundance, and concentration) in freshwater fish (Scopus; December 2022), with 

the microplastic identification and quantification method used and the size range of microplastic, if available. Microplastic abundance 

and concentration were presented either as range or mean value. 

Family/ 

Genus 

Species/ 

Genus 

Microplastic 

occurrence 

(%) 

Microplastic 

abundance 

(items/ 

individual) 

Microplastic 

concentration 

Microplastic 

Identification and 

Quantification 

Size 

range 

Location Country Reference 

Ailiidae Laides 

longibarbis 

83.3 1 - 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho

, (2020) 

Ambassidae Parambassis 

siamensis 

100 4.11 ± 1.08 - Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Anabantidae Anabas 

testudineus 

23.08 0.38 ± 0.87 - Stereomicroscope 

(40x-45x) 

100 to 

5000 

Skudai River Malaysia (Sarijan et al., 

2019) 

Bagridae Mystus 

mysticetus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Pelteobaggrus 

vachelli 

25.7 (all taxa) 1 ± 1.41 - Stereomicroscope 

(40x) and Raman 

microscope 

300-1800 Xiangxi 

River 

China Zhang et al 

(2017) 

Pelteobagrus 

fulvidraco 

0.33 ± 0.58 - 

Pseudobagrus 

ussuriensis 

1 - 

https://www.fishbase.se/summary/FamilySummary.php?ID=721
https://en.wikipedia.org/wiki/Ambassidae
https://www.fishbase.se/summary/FamilySummary.php?ID=130
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Hemibagrus 

spilopterus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

70 1 to 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 
Mystus bocourti 73.3 1 to 2 - 

Butidae Oxyeleotris 

marmorata 

100 2 - Stereomicroscope 

(40x-45x) 

100 to 

5000 

Skudai River Malaysia Sarijan et al 

(2019) 

Callichthyidae Hoplosternum 

littorale 

83 3.6 - Stereomicroscope 

(45x) 

1000-

5000 

Pajeú river Brazil Silva-

Cavalcanti et al 

(2017) 

Catostomidae Carpoides 

cyprinus 

60 13 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibres 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Catostomus 

commersonii 

94.11764706 0.4 - 

Centrarchidae Lepomis 

macrochirus 

100 26 - FTIR microscope 

(μFT-IR)  

100-5000 Han river South 

Korea 

Park et al 

(2020a) 

45.3 - - Stereomicroscope 

(2.5-180x) 

53-5000 Brazos River 

Basin 

USA Peters and 

Bratton (2016) Lepomis 

megalotis 

44.1 - - 

Micropterus sp. 100 14.67 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibres 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

100 2 - FTIR microscope 

(μFT-IR) 

100-5000 Tanchon 

stream 

South 

Korea 

Park et al 

(2020b) 

http://en.wikipedia.org/wiki/Centrarchidae
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100 20 - FTIR microscope 

(μFT-IR)  

100-5004 Han river South 

Korea 

Park et al 

(2020a) 

Chanidae Chanos - 2.22 ± 3.768 

(gut and gills) 

/ 1.111 ± 

1.167 (tissue) 

- Stereomicroscope 

and ATR-FTIR 

300-500 Citarum 

river 

Indonesi

a 

Agustian 

Fareza and 

Sembiring 

(2020) 

Channidae Channa argus 100 38 - FTIR microscope 

(μFT-IR)  

100-5006 Han river South 

Korea 

Park et al 

(2020a) 

Cichlidae Oreochromis 

mossambicus 

55.56 1.61 ± 1.79 - Stereomicroscope 

(40x-45x) 

100 to 

5000 

Skudai River Malaysia Sarijan et al 

(2019) 

Oreochromis 

niloticus 

20 - - Stereomicroscope 

and ATR-FTIR 

250-5000 Lake 

Victoria 

Tanzania Biginagwa et al 

(2016b) 

Clariidae Clarias 

gariepinus 

19.05 0.33 ± 0.80 - Stereomicroscope 

(40x-45x) 

100 to 

5000 

Skudai River Malaysia Sarijan et al 

(2019) 

Clupeidae Clupeichtys 

aesarnensis 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Dorosoma 

cepedianum 

- - - Stereomicroscope 

(25-50x) and FTIR on 

160 fibres 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Cottidae Cottus gobio 43 0.71 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 
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Cyprinidae Puntioplites 

proctozysron 

86.7 1 - 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 

~95 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Alburnus 32 0.45 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

Barbobymus 

goniontus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Carassius 

auratus 

95.7 (all 

fishes) 

1.9 ± 1.0 1.7 ± 1.0 

items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 

100 14 - FTIR microscope 

(μFT-IR) 

100-5000 Tanchon 

stream 

South 

Korea 

Park et al 

(2020b) 

Culter alburnus 25.7 (All 

fishes) 

1.5 ± 1.38 - Stereomicroscope 

(40x) and Raman 

microscope 

300-1800 Xiangxi 

River 

China Zhang et al 

(2017) 

Culter dabryi 25.7 (All 

fishes) 

0.5 ± 0.71 - 

Cyclocheilichthys 

apogon 

50 0.50 ± 0.71 - Stereomicroscope 

(40x-45x) 

100 to 

5000 

Skudai River Malaysia Sarijan et al 

(2019) 
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Cyclocheilichthys 

repasson 

70.4 1 to 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 

~90 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Cyprinus carpio 95.7 (all taxa) 2.5 ± 1.3 0.5 ± 0.3 

items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 

- 32.0 ± 12.8 - FTIR microscope 

(μFT-IR) 

100-5000 Tanchon 

stream 

Sout                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

h Korea 

Park et al 

(2020b) 

100 56 - FTIR microscope 

(μFT-IR)  

100-5001 Han river South 

Korea 

Park et al 

(2020a) 

Carassius cuvieri 100 5 - FTIR microscope 

(μFT-IR)  

100-5002 Han river South 

Korea 

Park et al 

(2020a) 

Gobio 12 - - Stereomicroscope - French 

rivers 

France Sanchez et al 

(2014) 

Gymnocypris 

przewalskii 

N/A 5.4 ± 3.6 - Stereomicroscope 

(40x) 

333-5000 Qinghai 

Lake 

China Xiong et al 

(2018) 

Hemiculter 

bleekeri 

95.7 (all 

fishes) 

2.1 ± 1.1 1.1 ± 

0.5items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 

Henicorhynchus 

siamensis 

71.4 1 to 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 
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~95 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Hypophthalmicht

hys molitrix 

95.7 (all 

fishes) 

3.8 ± 2.0 2.1 ± 1.1 

items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 

Labeo 

chrysophekadion 

75 1 to 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 

Labiobarbus 

leptocheilus 

~80% 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Labiobarbus 

siamensis 

50 1 to 2 - Stereomicroscope 

(0.67x - 5x) 

30-3840 Chi River Thailand Kasamesiri and 

Thaimuangpho 

(2020) 

Leuciscus 38 0.57 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

Megalobrama 

amblycephala 

95.7 (all 

fishes) 

1.8 ± 1.7 0.2 ± 

0.1items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 

Mystacoleucus 

marginatus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 
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Notropis 

stramineus 

100 1.588 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibres 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Osteochilus 

vittatus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Paralaubuca 

harmandi 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Phoxinus 47 0.76 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

48 0.86 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 200 

suspected MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Pimephales 

promelas 

- 0.46 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibres 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Pseudorasbora 

parva 

95.7 (all 

fishes) 

2.5 ± 1.8 5.6 ± 3.9 

items/g 

Stereomicroscope 

(25-80x) and FTIR 

microscope (μFT-IR) 

on some of the MPs 

<200-

5000 

Taihu Lake China Jabeen et al 

(2017) 
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Pseudogobio 

esocinus 

100 3 - FTIR microscope 

(μFT-IR) 

100-5000 Tanchon 

stream 

South 

Korea 

Park et al 

(2020b) 

Rasbora 

aurotaenia 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Rutilus 

R 

35 0.57 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

51 0.89 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 200 

suspected MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

32.8 0.69±1.25 - binocular microscope 

and Raman 

Spectroscopy on 50% 

of MPs 

- River 

Thames 

United 

Kingdom 

Horton et al 

(2018) 

Squalius 

cephalus 

38 0.69 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

42 0.63 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 200 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 
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suspected MPs (≥ 100 

μm) 

Zacco platypus - 2.9 ± 2.2 - FTIR microscope 

(μFT-IR) 

100-5000 Tanchon 

stream 

South 

Korea 

Park et al 

(2020b) 

Freshwater 

fishes 

Multiple taxa (44 

species and 12 

families) 

8.2 - - Stereomicroscope 

and ATR-FTIR on 32 

MPs 

- Various 

rivers in 

Texas 

USA Phillips and 

Bonner (2015) 

Fundulidae Fundulus 

diaphanus 

100 2.5 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Gasterosteidae Gasterosteus 

aculeatus 

41 0.56 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

63 1.46 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 200 

suspected MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 

Gobiidae Neogobius 

melanostomus 

100 3.81 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 
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Latidae Lates niloticus 20 - - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

250-5000 Lake 

Victoria 

Tanzania Biginagwa et al 

(2016b) 

Leuciscidae Cyprinella 

spiloptera 

100 5 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Notropis 

atherinoides 

100 6.5 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Notropis 

hudsonius 

100 7.75 - Stereomicroscope 

(25-50x) and FTIR on 

160 fibers 

1500-

5000 

Lake 

Michigan 

and its 

tributaries 

USA McNeish et al 

(2018) 

Nemacheilidae Barbatula 47 0.89 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

69 1.19 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 200 

suspected MPs (≥ 100 

μm) 

100-5000 River 

Bourne 

United 

Kingdom 

Parker et al 

(2022b) 
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Osmeridae Osmerus 

eperlanus 

20 0.2 ± 0.42 - Stereomicroscope 

and ATR-FTIR 

- Thames Est

uary: 

United 

Kingdom 

McGoran et al 

(2017) 

Pangasiidae Pangasius 

hypophthalmus 

100 4.00 ± 3.16 - Stereomicroscope 

(40x-45x) 

100 - 

5000 

Skudai River Malaysia Sarijan et al 

(2019) 

Percidae Perca fluviatilis 29 0.35 - Stereomicroscope 

(120x) and FTIR with 

micro-ATR on 98 

suspected MPs (≥ 100 

μm) 

100-5000 Dorset 

Stour 

United 

Kingdom 

Parker et al 

(2022a) 

Pleuronectidae Platichthys flesus 75 0.33 ± 0.49 - Stereomicroscope 

and ATR-FTIR 

- Thames Est

uary: 

United 

Kingdom 

McGoran et al 

(2017) 

Pristolepididae Pristolepis 

fasciatus 

100 2.92 ± 1.30 

(all taxa) 

- Stereomicroscope 

(0.67x - 5x) 

30-4770 Ubolratana 

reservoir 

Thailand Kasamesiri et 

al (2021) 

Siluridae Silurus asotus 100 37 - FTIR microscope 

(μFT-IR)  

100-5005 Han river South 

Korea 

Park et al 

(2020a) 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/estuary
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/estuary
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/estuary
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/estuary
https://en.wikipedia.org/wiki/Pristolepis
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2.3.2 Ecological impacts 

 

Individual-level impacts  

Many studies have documented the uptake and ecological effects of microplastic 

ingestion. At the lower trophic levels, grazers may accidentally ingest microplastic 

when feeding on biofilm (Rummel et al., 2017). For instance, the freshwater grazer, 

Common bladder snail (Physa fontinalis), has shown a significant decrease in growth 

and reproduction after being exposed to, and grazed on biofilm formed on 

microplastic (Michler-Kozma et al., 2021). Similarly, microplastic has hindered the 

growth and reproduction of another grazer crustacean, Hyalella azteca, even at the 

lowest microplastic concentration exposure (5000 microplastics mL-1) condition set by 

the authors (Au et al., 2015). Nevertheless, the microplastic concentration set is still 

high and unrealistic for most environment. Microplastic not only slowed the growth 

rate of freshwater invertebrates, but it also delayed imago emergence of chironomid 

larvae (Chironomus riparius) (Silva et al., 2019). However, this alteration in growth 

speed does not apply to all freshwater organisms. Redondo-Hasselerharm et al (2018) 

only observed a significant reduction in the growth rate of freshwater shrimps, 

Gammarus pulex, but no difference was found for the other five freshwater benthic 

invertebrate species after being exposed to high microplastic concentration (40% 

plastic weight in the total sediment mixture).   
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Other than influencing the life cycle of freshwater organisms, microplastic was also 

found to reduce locomotor activity, making individuals more vulnerable to predators. 

A meta-analysis found that when freshwater organisms were exposed to 

environmentally relevant concentrations (≤ 1 mg L-1), their average speed and moved 

distance decreased by 5% and 8%, respectively when compared to controls (Sun et al., 

2021). This corresponded to the earlier finding that showed microplastic significantly 

reduced activity of the acetylcholinesterase that was responsible for voluntary muscle 

movement in Red tilapia (Oreochromis niloticus) (Ding et al., 2018). Furthermore, low 

microplastic concentrations can affect the morphology of freshwater invertebrates, as 

deformities in the mandibles and mentums of chironomid (Chironomus sp) larvae were 

observed after they were exposed to low microplastic concentrations (Stanković et al., 

2020). 

 

It is important to note that microplastic has a negative impact on freshwater organisms 

not only through ingestion but also through interactions with the organisms. Many 

freshwater organisms were found to interact with microplastic in the natural waters. 

For example, wild caddisfly larvae (Lepidostoma basale) were reported to build their 

cases using microplastics and natural substrates from the riverbed (Ehlers et al., 2019). 

Furthermore, a laboratory experiment confirmed the finding by showing that all 

caddisfly larvae (Odontocerum albicorne) in the experiment used microplastic to 

rebuild their case rather than only natural building materials (Gallitelli et al., 2021). 

Similarly, burrowing mayflies (Ephemera danica) preferred to burrow in plastic 

substrates more than natural substrates due to the lightweight of plastic (Gallitelli et 
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al., 2021). These interactions between the synthetic material and macroinvertebrates 

were discovered to have a negative impact on the animal. For example, the mortality 

of caddisfly larvae (Hydropsyche pellucidula) after exposure to microplastic was a 

result of chemical risk and abrasion effect, but not microplastic ingestion (Piccardo et 

al., 2021). 

 

Community-level impacts  

Over the long term, microplastic can impose adverse ecological impacts on the 

community level. For example, microplastic sampled from an urbanised river in Jiaxing, 

China has changed the microbial community of its biofilm by selectively increasing the 

antibiotic-resistant genes of bacterial colonised on it (Wang et al., 2020). Significant 

colonisation of oligochaete worms (Naididae sp) in the presence of environmental-

related microplastic concentration (5% plastics per sediment dry weight), has been 

found to cause a decrease in the Shannon diversity index of benthic communities after 

15 months of exposure (Redondo-Hasselerharm et al., 2020). In contrast, 8 days of 

exposure of deposit feeders (Chironomidae) and grazers (Baetidae and 

Ephemerellidae) to baseline microplastic concentration only reduced the community 

abundance, but not the community diversity (Silva et al., 2022).  This disparity in 

findings suggested that the community-level impacts of microplastics vary over time, 

and the time frame set for mesocosms must be chosen carefully. 

 

Evidence of microplastic's ecological impact on the community level suggests that it 

may impact ecosystem functioning.  A lower nitrogen removal rate was found after 
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chironomid larvae (Chironomus sp) were exposed to microplastic for 28 days (Huang 

et al., 2021). Furthermore, nanoplastics were also reported to inhibit the 

decomposition of leaf litter in the freshwater environment by altering microbial 

metabolic activity and the community structure of fungi (Du et al., 2022). In contrast, 

due to a decrease in the abundance of grazers in the system, microplastic exposure 

did not reduce primary production or leaf litter decomposition in an 8-day mesocosms 

experiment (Silva et al., 2022). 

 

As with the work of Silva et al (2022) most studies of the ecotoxicity of microplastics 

on freshwater invertebrates have been conducted in laboratory settings, whereas 

studies on fish have mostly been conducted in the field (Azevedo-Santos et al., 2021). 

The results of laboratory experiments can be misleading if the microplastic 

concentrations and characteristics used do not accurately reflect microplastic 

pollution in the field (Burns and Boxall, 2018; Karami, 2017). Field studies that 

reported the microplastic abundance and patterns in a range of freshwater organisms 

from the field were still lacking (Meng et al., 2020) and very few have looked into the 

ecological impact of microplastic in the field (Stanković et al., 2021). 

 

2.4 Factors influencing the microplastic loads in the freshwater organism 

2.4.1  Biotic factors 

Feeding mode is one of the biotic factors influencing the number of microplastic 

ingested. Filter feeders ingested significantly more microplastic because their position 

in the benthic zone and non-selective feeding habits caused them to ingest 
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microplastic along with suspended sediment  (Setälä et al., 2016; Su et al., 2018). 

Similarly, a higher abundance of microplastics was observed in the faeces of filter-

feeding freshwater birds, Cape Shovelers (Spatula smithii), compared to the grazer, 

Egyptian goose (Alopochen aegyptiaca) (Reynolds and Ryan, 2018). 

 

Bertoli et al (2022) found that collector-gatherers contained a significantly higher 

number of microplastics when compared to freshwater macroinvertebrates from 

different functional feeding guilds. According to the authors, this is because collector-

gatherers ingest microplastics that are attached to algae or embedded in the sediment 

at random. A similar finding was reported in freshwater fish, where a large amount of 

sediment and microplastic was found in benthic feeder fish (Platichthys flesus) when 

compared to a pelagic predator  (Osmerus eperlanus) sampled from the River Thames 

in the United Kingdom (McGoran et al., 2017). However, it is notable that no clear 

relationship between microplastic abundance and functional feeding groups of 

macroinvertebrates was identified by Windsor et al (2019) so questions remain about 

this issue.  

 

Many field studies on microplastic ingestion in freshwater organisms have included 

data on the morphology of the microplastics found.  The type of microplastic ingested 

by freshwater organisms was discovered to be taxon-specific, with different taxa 

ingesting different types of microplastic (Pan et al., 2021). For instance, microfibres 

were the most commonly ingested microplastic shape in freshwater fish (Galafassi et 

al., 2021; Yan et al., 2021). Some authors have suggested the size of microplastic was 
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more important than shape as a factor influencing ingestion (Lehtiniemi et al., 2018; 

Li et al., 2019). Nevertheless, the type of microplastic ingested by freshwater 

organisms might simply reflect its prevalence in the surrounding environment; e.g. the 

relative uptake of microplastic types has been found to be similar to the microplastic 

found in sediment (Su et al., 2018) and surface water (Parker et al., 2022a). 

 

Several authors have looked at body loads of microplastic as a function of body size.  

For example, the amount of microplastic ingested was positively correlated with the 

biomass of freshwater fish (McNeish et al., 2018) and invertebrates (Berglund et al., 

2019; Windsor et al., 2019). According to a review of published data, the size ratio of 

an animal's body length to the largest microplastic it may ingest is around 20:1 (Jâms 

et al., 2020). However, some studies found no significant relationship between body 

loads and size  (Parker et al., 2022a).  

 

2.4.2  Abiotic factors  

Microplastic abundance in freshwater organisms varies spatially in ways connected to 

the distribution of sources. The microplastic concentration in Zebra mussels (Dreissena 

polymorpha) was found to increase in proximity to the WWTP in Lake Iseo, Italy 

(Pastorino et al., 2021). Similar findings were also observed in freshwater fish sampled 

from Tanchon Stream, South Korea (Park et al., 2020b). Other than that, the degree of 

industrialisation and urbanisation also positively correlated with the microplastic 

concentration found in freshwater organisms such as Armored catfish (Hoplosternum 

littorale) in River Pajeú, Brazil (Silva-Cavalcanti et al., 2017), Nile tilapia (Oreochromis 
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niloticus) and Mud carp (Cirrhinus molitorella) from Guangdong, China (Sun et al., 

2021). 

 

Many studies have documented the effect of hydrological conditions on microplastic 

abundances in freshwater sediment and surface water (Chen et al., 2021a; Rodrigues 

et al., 2018). Similarly, microplastic abundance in freshwater organisms was 

influenced by the microplastic concentration in the surrounding (Yan et al., 2021). In 

Braamfontein Spruit, Africa, higher microplastic abundances were observed in the 

sediment and larvae of Chrironomus sp at upstream of a weir compared to 

downstream (Dahms et al., 2020). Likewise, Windsor et al. (2019) also reported a 

negative correlation between the microplastic abundance in freshwater 

macroinvertebrates and river discharge.  

 

Due to observed relationships, several workers have suggested that freshwater 

species that are widely distributed and have non-selective feeding habits could be 

used as bioindicators of microplastic. The Asian clam (Corbicula fluminea) has been 

proposed as a potential bioindicator because this bivalve is widely distributed in the 

region, and the abundance, size distribution, and colour of microplastic ingested by 

the species are similar to that found in sediment (Su et al., 2018). Similarly, because of 

their dominance in polluted environments, chironomid larvae (Thienemannimyia spp., 

Chironomus spp., and Orthocladius spp.) have been proposed as bioindicators for 

microplastic pollution in sediment (Lin et al., 2021). Others have proposed using the 

cases of caddisfly larvae as a bioindicator for freshwater microplastic pollution (Ehlers 
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et al., 2019). However, some challenges remain, as for example no correlation was 

discovered between microplastic loadings in sediment, water, and freshwater 

organisms (macroinvertebrates and fish) collected from the Bourne Stream in 

Southwest England (Parker et al., 2022a). More research is needed to compare the 

correlation between microplastic abundance found in aquatic organisms and the level 

of microplastic pollution in the environment, both to better understand the risk to 

organisms of environmental loads and assess the utility of using organisms as 

indicators. 

 

2.5 Summary 

When compared to the marine environment, microplastic pollution in freshwater still 

remains relatively under-researched. More studies have recently begun to report on 

the occurrence, abundance, and fate of microplastics in freshwater environments. 

However, there is a geographical bias in freshwater microplastic pollution studies; few 

studies have been conducted to assess microplastic pollution in rapidly urbanising 

Southeast Asia and Africa, regions that have been identified as potential hotspots for 

microplastic due to poor waste management and legislation governing water 

pollution. These factors suggest that organism microplastic loads in Southeast Asian 

countries such as Malaysia might be high, but the evidence is so far completely lacking.  

 

Microplastic abundance in freshwater organisms, like microplastic abundance in 

sediment and the water column, is influenced by a variety of biotic and abiotic factors, 

but more research is needed to fully understand the mechanisms underlying spatial 
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and temporal variation. Moreover, higher magnification methods are recommended 

to prevent the underestimation of microplastic loads. Questions remain about the 

relations between organism microplastic loads and (i) environmental contamination 

levels, (ii) trophic guild or feeding mode, and (iii) body size. Future studies are 

recommended to: 

● Investigate and report on the microplastic concentration of freshwater 

organisms in the field, particularly in rapidly urbanising regions such as 

Southeast Asia. Furthermore, it is suggested to adopt a commonly used 

method for sampling and lab processing for effective comparison of findings 

across published data. These findings will help scientists and policymakers 

understand the impact of microplastics on freshwater ecosystems. 

● Investigate the ecological factors influencing microplastic load in freshwater 

organisms. This includes understanding how factors such as feeding 

preference, habitats, and body size alter the microplastic ingestion of aquatic 

animals.  

● Examine the relationship between microplastic in animals and the river 

(water and sediment). The primary goal is to gain a better understanding of 

the mechanisms underlying the correlation (if any) and the hotspot of 

microplastic in the river. 

● Investigate the impact of microplastics on freshwater organisms at the 

individual and community levels. Future study is recommended to use more 

environmentally relevant microplastic concentrations, sizes and types when 

conducting ecological risk assessments in a laboratory setting. 
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3. Materials and methods 

3.1 Study area and sampling sites 

Semenyih River is one of the main tributaries of the Langat Basin in Selangor, Malaysia. 

With a total catchment area of 266.60 km2, the river catchment receives 

approximately 3000 mm of rainfall annually (Al-Badaii et al., 2013). The Semenyih 

River has its source approximately 4 km upstream from  Semenyih Dam, then flows 

southwest across Semenyih town and Bangi town before reaching its confluence with 

the Langat River. The Langat Basin overall, because of Semenyih and Langat Dams, is 

an important water catchment area for Selangor and Kuala Lumpur. These dams 

provide 30% of portable water supplies to Selangor and Kuala Lumpur and, via 

agricultural and industrial use, support the livelihood of the river basin’s population of 

1,499,079 people (Selangor Water Management Authority, 2015).  

 

The Semenyih River was chosen due to its strong transition from rural to urban areas 

(Figure 3.1). Furthermore, existing studies in the river have looked at the microplastic 

concentration in river water (Chen et al., 2021a), its source (Chen et al., 2022), and 

how hydrological controls the fate of microplastic in the Semenyih River (Chen et al., 

2021a). Furthermore, Chen et al (2021a) also discovered a significant spatial variation 

in microplastic concentration in the river from upstream to downstream. As a result, 

spatial gradients may be visible in animals as well. Hence, the Semenyih River is an 

ideal location for assessing microplastic contamination and loads in organisms as the 

concentration in the river water and sediment was already known. 
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A total of eight sampling sites were established along the Semenyih River (see 

Appendix 1 for coordinates). Figure 3.1 show the land use and land cover map of 

Semenyih, surrounding the sampling sites. As the town is undergoing rapid 

urbanisation (Jesmin Haque and Roslan, 2017), the sampling sites spread along the 

river represented a transition of the river from forested upstream sites to urbanised 

downstream areas. Site 1 is located upstream of the Semenyih Dam, whereas other 

sites are located downstream of the dam with increased prevalence in built-up areas 

(Figure 3.1).  

 

The goal was to study a wide range of taxonomic and functional feeding groups 

collected from the river.  However, pilot studies failed to detect any mussels. As an 

important filter feeder, we therefore included mussels by collecting animals  

(Unionidae: Sinanodonta woodiana) from Semenyih lake.  The Semenyih Lake is a 

eutrophic man-made lake with a surface area of 0.06 km2 and with a maximum water 

depth of 2m. The lake is commonly used for fishing and recreational activities. It is a 

suitable location for mussels sampling as an existing study reported a high density of 

Sinanodonta woodiana from the lake (Zieritz et al., 2019). 
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Figure 3. 1. Land use map of the Semenyih River study area. Data from Sentinel-2, from 

January 2021 to January 2022. The labels show the locations of the sampling sites. 

Orange polygon showed the location of the Langat Basin. 

 

3.2 Sample collection  

3.2.1 Overview 

To address the objectives, simultaneous water and bed samples were collected from 

each site, along with samples of benthic invertebrates. Five bed and water samples 

were collected from each site. These were paired (i.e., bed and water samples from 
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each of the five locations), whereas invertebrates were collected simply by kick 

sampling across the site. The objective of the invertebrate sampling was simply to 

collect sufficient animals of each taxon to allow meaningful assessment of respective 

body loads and compare loads between sites.   

 

3.2.2 Water and sediment samples 

Forty water and forty sediment samples were collected from the river, five from each 

of the eight sites. For each site, five sampling points were selected to cover the range 

of morphological habitats present (riffle and pools); the five were spread 

proportionally between the habitats to reflect their relative areas at respective sites. 

At each sampling point, 2L of water samples were collected from the middle of the 

water column using a glass bottle and sieved through a pre-rinsed 53-micron stainless 

steel sieve. For each site, five sets of water samples (10L) were collected. Then, 

residues retained on the sieve were rinsed into a glass bottle using a squeeze bottle 

filled with ultrapure water (PURELAB Chorus 1, ELGA). 1L of the water sample was used 

as the blank for the relevant sediment samples.  

 

For each of the same points as the water sample, a sample of microplastics deposited 

on the bed surface was collected using the sediment resuspension technique. This 

sample was collected immediately after the water sample was collected. The 

resuspension technique was designed and is commonly used to quantify the amount 

of fine sediment deposited on river beds (Lambert and Walling, 1988), and recently 

used to assess the amount of microplastic on the riverbed (Hurley et al., 2018). Note 
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that this is not a volumetric method (I.e., it does not quantify the amount per volume 

of bed sediment) but rather the amount deposited per unit bed area. The resuspension 

technique was chosen due to its ability to sample microplastic deposited on the 

surface of the riverbed, rather than including the subsurface zone. Grab samplers 

(such as hand spades and spoons) are good for quantifying coarser sediment but have 

the problem that, when used in wetted areas, very fine material, including 

microplastic, may be released immediately and lost. Sediment corers (such as corers 

and Van Veen grab samplers) are commonly used for sediment sampling for 

microplastic studies, but these are more useful for evaluating subsurface storage of 

fine sediment or microplastic (Razeghi et al., 2021). As the animals that were collected 

were from only the surface zone, it was deemed more appropriate to use techniques 

that quantified microplastic in this zone. focused on sediment sampling littoral zone 

or deeper in the riverbed.  

 

The resuspension technique involves using a large open cylinder to isolate a target 

patch of bed. In the present case, an open-ended slightly graded cylinder (upper radius 

21.5 cm, lower (base) radius 19 cm, and height 65 cm, see Figure 3.2) was used. The 

cone was modified by attaching a layer of foam to the bottom to ensure the formation 

of a tight seal when the base was pressed onto the riverbed. The foam was brightly 

coloured so that any fragments in the sample could be easily identified and discarded. 

Once the cylinder was pressed to the bed, the depth of the water column inside was 

measured. Then,  a wooden stick was used to agitate the water and the bed surface 

inside. Note that the bed was not ‘dug up’, but rather simply disturbed so as to 

resuspend material. Once fully agitated, a 1L sample of the turbid water was collected 
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using a rinsed glass bottle. This water sample was then sieved through a pre-rinsed 53-

micron stainless steel sieve, and the residue remaining on the sieve was transferred 

into a glass bottle using ultrapure water. To avoid microplastic contamination, 

microplastic identified in the blank sample (1L of water sample) was deducted from 

the microplastic load of sediment samples. The microplastic load in a replicate was 

identified as absent if a higher amount of microplastics were identified in its blank 

replicate compared to its suspended sediment replicate. For quality assurance, an 

experiment was conducted (see section 3.5) on the sampling cone, to ensure the 

sampling apparatus is sealed and did not introduce additional microplastic to the 

sample as contamination. 
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Figure 3.2. Open-ended truncated cone used for sediment sampling. 

3.2.3 Biological samples 

No recent study has reported the species composition in the Semenyih River; the only 

work is by Yap et al (2003). To develop a better understanding of the available taxa in 

the river, as well as likely concentrations in animals, a pilot study was conducted in 

September 2021. Samples were collected from the Semenyih River and Semenyih 

Lake. 1567 invertebrates belonging to numerous taxonomic groups were identified 

(Appendix 2). In the river, the five commonly found invertebrate families representing 

different functional feeding groups and trophic levels were selected for the main 

study, namely Hydropsychidae, Chironomidae, Odonata, Baetidae and Simuliidae. No 
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mussels were found, so to include a filter-feeding Unionidae in the study, mussels (S. 

woodiana) were collected from the lake. 

 

Macroinvertebrates were collected in the river via kick sampling using a bottom kick 

net and stored in 70% ethanol (R&M Chemical, Selangor, Malaysia). In the lab, 

macroinvertebrates were identified and categorised according to their sampling 

location and family grouping. Twenty individuals of each taxon were randomly 

selected for further processing (i.e., to determine microplastic loads). If a taxon 

contained less than 20 individuals, all organisms were processed (see Table 5 for 

details of final sample sizes).  

 

A total of 24 mussels were hand-picked from Semenyih Lake on one sampling occasion. 

Note: the mussels are not included in any analysis of relations between body loads and 

microplastic in the water or bed of the river, but simply as an example of a large, filter-

feeding invertebrate.  

 

Fish samples were collected opportunistically from local anglers who fish along the 

Semenyih river. In total, 19 fish were obtained in this way. They include 8 families that 

are commonly consumed by the locals and sold locally (Appendix 6).  Upon collection, 

both mussel and fish samples were frozen at -50oC until further laboratory processing. 

All methods were carried out in compliance with ethical guidelines and regulations 
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and approved by the Animal Welfare and Ethical Review Body of the University of 

Nottingham. 

 

3.3 Laboratory analysis 

3.3.1  Overview 

The following text details the microplastic extraction and enumeration methods. Two 

enumeration methods were used, one that followed the approach commonly used to 

assess loads in the bodies of aquatic organisms (i.e., larger microplastics) and the other 

which allowed smaller materials down into the nano size range to be counted. The 

overarching goal here was to understand the ratio between the larger and smaller 

fragments, to assess the extent to which studies that only include the former may be 

underestimating true (total) body loads. Macroinvertebrates were also measured to 

assess the relations between body mass and microplastic loads. 

 

3.3.2 Microplastic extraction 

In the lab, organic material in the water and sediment samples were digested by wet 

peroxide oxidation (WPO) using Fenton’s reagent (20mL 30% H2O2 and 20mL FeSO4) 

following the protocol from Masura et al (2015). WPO was chosen due to its relatively 

short reaction time and high digestion efficiency compared to other digestion methods 

(Prata et al., 2019a). After this step, microplastic in digestates with residues remaining 

(such as sediments or undigested organic matter) was extracted by density separation. 
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Samples were density separated twice using NaCl (ρ = 1.2g/cm3) followed by ZnCl2 (ρ = 

1.7-1.8g/cm3) in a centrifuge (9500 RPM, 15oC, 10 minutes). The combination of the 

lower-density salt solution with a higher-density salt solution helps to isolate 

microplastics of different densities from the digestate. Next, the supernatant from the 

previous step was collected and vacuumed through a glass microfiber filter (Whatman 

GF/C 47 mm diameter, GE Healthcare Whatman). The filter was then transferred into 

the oven and dried at 70oC overnight.  

 

For macroinvertebrates, the body length (mm) of each animal was measured using a 

camera-attached stereomicroscope (Leica EZ4D, Leica, Germany) along with the LAS 

EZ V.3.4.0 software. Body length was measured from the pronotum to the tip of the 

abdomen. The dry weight (mg) of each insect larva was estimated according to the 

relevant body length-dry weight regression equation summarised by Cummins et al 

(2022), see Table 4. Then, each larvae was transferred to a test tube separately and 

processed individually. Each larva was homogenised using a glass rod to better digest 

the soft tissue under the chitin layer. Following, 20mL of 10% KOH (R&M Chemical, 

Selangor, Malaysia) was added to each homogenised sample. KOH is commonly used 

to digest biota samples for microplastic-related studies with high efficiency (Dehaut et 

al., 2016; Prata et al., 2019a). In addition, KOH does not cause foaming during tissue 

digestion, unlike H2O2 and Fenton reagent (Avio et al., 2015). The test tubes were then 

covered with aluminium foil and placed in an incubator shaker for 48 hours for 

effective digestion of tissues (50 oC, 120 RPM, WiseCube WIS-20). 
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Table 4. The equation used to estimate dry body weight (mg) of macroinvertebrates, 

modified from Cummins et al (2022). Y = aXb where Y = dry biomass in mg; X = total 

body length in mm; a = intercept of Y on X; and b = slope of Y on X.  

Family a b Equation (Y = aXb) 

Baetidae 0.0057 2.966 0.0057*(X^2.966) 

Hydropsychidae 0.0038 3.61 0.0038*(X^3.61) 

Odonata 

(dragonfly) 

0.0086 2.821 0.0086*(X^2.821) 

Simuliidae 0.0027 3.084 0.0027*(X^3.084) 

Chironomidae 0.0019 2.614 0.0019*(X^2.614) 

Odonata 

(damselfly) 

0.0048 3.256 0.0048*(X^3.256) 

 

 

The total body length and width (mm) of mussels and fish were measured directly 

using a ruler, with the soft tissue such as the whole body of mussels, the gills, muscle, 

and GIT of fish then dissected and transferred into a pre-weighed aluminium tray, 

separately. After this, the aluminium trays were covered using aluminium foil and 

frozen at -60 oC for at least 24 hours. Next, the samples were transferred to a freeze 

dryer and lyophilized for 48 hours at -40oC and 0.12 mbar (ALPHA 1-2 LD plus, Martin 

Christ, Germany).  
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The dry weight of lyophilized soft tissue was then measured. The soft tissues were 

transferred into a conical flask and digested individually using 10% KOH for 48 hours 

at 50oC for 120RPM in an incubator shaker. Five times the volume of KOH to the weight 

of the tissue was used for each sample. Similar to the water and sediment samples, 

digestates with remaining residues after the digestion were further processed using 

density separation. Samples were centrifuged twice using NaCl (ρ = 1.2g/cm3) followed 

by ZnCl2 (ρ = 1.7-1.8g/cm3) in 50mL falcon tubes. Then, the supernatant was collected 

and vacuumed through a glass microfiber filter (Whatman GF/C, 47 mm diameter, GE 

Healthcare Whatman). The filter was then transferred into the oven and dried at 70oC 

overnight.  

 

3.3.3 Microplastic identification and enumeration 

Lower- and higher- resolution methods were used. The lower resolution method was 

performed via visual inspection and manual enumeration of microplastic using a 

stereomicroscope. This is the standard visualization method commonly used by many 

studies for freshwater(Lu et al., 2021; Windsor et al., 2019) and marine (Marrone et 

al., 2021; Muhammad Husin et al., 2021) ecosystems.  

 

For this, microplastic retained on the filter was identified and enumerated  180x 

magnification under the stereomicroscope (Nikon SMZ1500, Nikon, Japan). 

Microplastics were detected based on their morphological characteristics and colour. 

For example, synthetic fibre should have characteristics such as a uniform surface and 

equal diameter along its length, whereas fibre without such features was likely to be 

natural fibre (Stanton et al., 2019). In addition, a hot needle test was carried out on 
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potential microplastic on a random basis. The particle that remains intact when 

prodded with a needle but melted when approached by a hot needle was counted as 

microplastic (De Witte et al., 2014). Once confirmed as microplastic, the material was 

classified according to its shape (fibre, fragment, film, and bead) and colour. 

 

A further confirmation analysis was conducted on the microplastic to establish the 

accuracy of this lower-resolution method. For this, a total of 52 pieces of larger-sized 

microplastic larger than 100µm were extracted from biota samples and picked out 

randomly. The polymer composition of these particles was verified using an ATR-FTIR 

spectrometer (FrontierTM, PerkinElmer, United States). For this, each particle was 

scanned with 4 scans under transmission mode and a spectra range between 4000 and 

400 cm -1. This range falls under the mid-infrared region of the electromagnetic 

spectrum and was commonly used in the field of microplastic (Veerasingam et al., 

2021). Spectra were then compared with spectrums reference on Open Specy (Cowger 

et al., 2021). In total, 24 particles with spectra that was similar (Pearson’s r > 0.7) to 

the data base were chosen. 8 types of synthetic plastics, 1 type of synthetic rubber, 

and other materials such as cellulose and plants were identified (Figure 3.3). This check 

demonstrated that the accuracy of the lower resolution method, with 92% of the 

particles determined by analysed using FTIR were indeed plastic. 
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Figure 3.3. Polymer type of microplastics ingested by freshwater animals. 

 

This lower-resolution method relied on the manual enumeration of microplastic 

through a visual examination and was only able to detect microplastic with a diameter 

larger than 100 µm. One of the observations from the pilot study was that microplastic 

appeared to be absent from the smaller animals, raising concerns that using the 

conventional methods we may be completely missing the material in the smaller 

ranges that smaller animals consume. This, together with the fact that smaller sizes 

are also consumed by larger animals may lead to an underestimation of their total 

body loads.   
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In order to quantify the smaller-sized microplastics, a higher-resolution method was 

applied. For this, 25 individuals of each of the four abundant insect families (Baetidae, 

Chironomidae, Simuliidae, and Hydropsychidae) were randomly selected from the 

field samples. Odonata was not included due to its small sample size. Moreover, a 

comparison between different insect families processed using the lower resolution 

approach indicated there was no significant difference in microplastic concentration 

and abundance between Odonata and the other insect taxa (Appendix 5). Thus, 

excluding Odonata in the higher resolution method would not affect the result. For 

each family, 5 individuals were pooled as one replicate sample, with each family having 

5 sets of samples.  

 

The higher resolution method adopted was an automated microplastic identification 

and enumeration technique that uses multiple dyes to identify microplastic from 

samples (Maxwell et al., 2020; Tarafdar et al., 2022). The method has three stages. 

First, Calcofluor White/Evans blue solution (1.0 g L-1 Calcofluor white, 0.5 g L-1 Evans 

blue, Sigma-Aldrich) and Nile red (0.05g L-1 in acetone, diluted 10 times in n-hexane, 

Sigma-Aldrich) are used to stain the organic matter (ex: chitin and cellulose) and 

microplastic extracted on the glass microfibre filter, respectively. Second,  a confocal 

laser scanning microscope (TSC SP5 II, Leica, Germany) with Z volume (30 stacks with 

a total of 40 microns, captured with a 10x objective lens) was used to distinguish 

plastic from non-plastic. Each replicate (with 5 individuals from the same taxa) was 

scanned 10 times. For each scan, Calcofluor white/Evans blue solution was excited 

with 405nm laser with emission wavelength ranges from 425-465nm, followed by Nile 

red excited with 488nm laser (with emission wavelength ranges from 495-535nm) and 
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543nm laser (with emission wavelength ranges from 630-700nm), and 10 sets of 

images were produced for each scan.  

 

 

 

Figure 3.4. Fluorescent photo (a) of a sub-sample of net-spinning caddisfly 

(Hydropsychidae) and the automated counting result (b). Blue colour (white arrow) 

represents particles derived from animal origin whereas red, yellow, and green were 

microplastic.  

 

Each set contained four fluorescent images (blue, green, yellow, and red colour) 

excited when different lasers were used, see Figure 3.4 and Appendix 3. Finally, stage 

3 involves using the Fiji software (Schindelin et al., 2012) for automated counting. To 

ensure a consistent analysis for all samples, the code from (Prata et al., 2019b) was 

modified to identify microplastic from the images (see Appendix 4). This method helps 

to shorten the time taken for microplastic enumeration and reduces the risk of 
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overestimation when compared to a sample solely stained by Nile red (Tarafdar et al., 

2022). 

 

3.4 Statistical treatment and analysis of data 

Microplastic concentration in water was expressed as the number of microplastic 

identified per litre of water sample (items L-1). For the amount of material deposited 

on the bed, microplastic was expressed in the unit of number of pieces per square 

meter of bed (items m-2). For this, the following equation was used to convert the data 

from the water sample collected inside the cylinder to pieces per unit area: 

(1) 

C (items/L) was the amount of microplastic identified per litre of suspended sediment 

sample replicate. The volume of water in the cylinder (V; L) was calculated from the 

depth of the water column in the sampling container and A (0.0057m2) was the area 

of the river bed isolated using the sampling cone. 

 

Microplastic load in animals was expressed as microplastic occurrence (percentage of 

animals of given taxa that have ingested microplastic), abundance (number of pieces 

per individual animal), and concentration (number per dry body weight).  
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All statistical analysis were conducted on IBM SPSS Statistics 28. A non-parametric 

Kruskal-Wallis test (K-W) with Dunn-Bonferroni post hoc test was used to assess 

differences between sites, taxa, and trophic groups. A Mann-Whitney U test was used 

to assess differences in microplastic abundance and concentration between 

visualisation methods (counterstaining dyes methos and visual inspection) used. The 

data were not normally distributed, and hence analysis of variance (ANOVA) could not 

be used. Pearson’s correlation coefficient was adopted to assess the correlation and 

relationship between body size and microplastic abundance. Spearman rank-order 

correlation coefficient (Spearman's rho) was used to assess the correlation between 

microplastic load in animals and on the river (sediment and surface water). The Chi-

square test was used to assess the differences in the frequencies of different shapes 

and colours of microplastics identified in animals, water, and sediment samples. Note 

that due to small sample sizes, differences in body loads between the fish species 

recorded were not assessed. Also, neither fish nor mussels were used in any inter-site 

comparison as these groups were not collected systematically from the river sites.   

 

3.5 Quality assurance and control 

To minimise the microplastic contamination, several precautionary steps were taken 

throughout the sampling and lab processing process. Non-plastic attire such as a pure 

cotton lab coat and nitrile glove was used at all times in the lab. Moreover, all 

chemicals and ultrapure water were filtered twice using a glass microfibre filter 

(Whatman GF/C, 47 mm diameter, GE Healthcare Whatman). In addition, all glass 

wares were rinsed thoroughly with ultrapure water before usage, and a laboratory 
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procedure was conducted under a fume chamber to prevent atmospheric deposition 

of microplastic. 

 

As a quality assurance step, an experiment was conducted on the open-ended 

truncated cone to assess whether the sampling apparatus will introduce microplastic 

contamination during the sampling process. Briefly, the cone was pressed onto a larger 

container filled with tap water. The water was then agitated, and 5 litres of the water 

were sieved through a pre-rinsed 53-micron stainless steel sieve, and the residue 

remaining on the sieve was transferred into a glass bottle using ultrapure water. On 

the other hand, 5 litres of blanks (tap water) were collected and underwent the same 

processing as the agitated sample. After, the samples were filtered through a glass 

microfibre filter (Whatman GF/C, 47 mm diameter, GE Healthcare Whatman), and 

analysed under a stereomicroscope (Nikon SMZ1500). No black fragment (potential 

microplastic colour and shape from the cone) or green foam (potential microplastic 

colour and shape from the seal) was identified in the blank and agitated sample when 

inspected under a stereomicroscope. This indicated that the sampling cone did not 

introduce addition microplastic to the sample. 

 

At least two procedural blanks were conducted for each batch of samples. The 

characteristic of microplastic identified in the blank samples was noted and excluded 

from the count if a similar microplastic was identified in the sample. However, only a 

minimal amount of microplastic (less than 5 microplastics per blank) was found on the 

blank sample and was excluded from the sample. 
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4. Results 

4.1 Overall microplastic load in freshwater animals from the Semenyih catchment  

For the four insect families, the standard lower-resolution method detected an 

average of 1.1 pieces in microplastic per individual (Figure 4.1). When expressed per 

body weight, individuals of these families contained an average of 11.06 pieces of 

microplastic per mg of dry tissue. Numbers increased markedly when the high-

resolution method was used, with an average of 128.8. pieces per individual and 704.3 

per mg dry weight. The overall ratio between high- and low-resolution methods was 

120:1. A difference is to be expected since the high-resolution counterstaining  

method detects microplastic with a diameter down to 4 µm.   

 

The ratios differed somewhat between families: for every 1 microplastic identified 

using the lower resolution method, the higher resolution method was able to detect 

additional 107, 81, 180, and 116 microplastic particles for Baetidae, Chironomidae, 

Hydropsychidae, and Simuliidae, respectively. Thus, freshwater invertebrates mainly 

ingested microplastics that were smaller than the minimum microplastic size reported 

in most studies (around 10 µm – 100 µm, depending on the microplastic detection 

method used; Table 2), with a potentially important underestimation of body loads of 

two orders of magnitude.  
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Figure 4. 1. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of 

freshwater invertebrates using two different visualisation methods. Horizontal lines 

indicate significant differences at p<0.05 (Mann-Whitney U test). p <0.05 represented 

by a single asterisk (*), p<0.01 represented by a double asterisk (**), and p <0.001 

represented by a triple asterisk (***). 
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Table 5. The freshwater fish and invertebrate taxa sampled from the Semenyih River, 

and its sample size (n), mean and standard deviation of its microplastic occurrence (%), 

abundance (items individual-1), and concentration (items mg dry tissue weight-1).  

  

Microplastic 

occurrence 

(%) 

Microplastic 

abundance 

(items individual-1) 

Microplastic 

concentration 

(items mg dry tissue 

weight-1) 

Taxa n  Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

Actinopterygii  19.00 94.7 19.421 23.310 0.004 0.006 

Insecta 588 44.2 1.199 2.554 10.609 29.400 

 Baetidae 182.00 57.7 1.137 1.394 6.805 17.901 

 Chironomidae 160.00 53.1 1.006 1.256 18.286 31.630 

 Hydropsychidae 132.00 59.8 1.205 1.402 1.562 9.241 

 Odonata 13.00 69.2 2.000 2.309 0.646 1.822 

 Simuliidae 77.00 46.8 0.818 1.060 24.145 55.976 

Bivalvia       

 Unionidae 24.00 58.3 3.708 10.720 0.0003 0.001 

 

Based on the low-resolution, visual inspection method, microplastic was identified in 

56.3% of all animals (I.e. insects, fish and mussels, n=607) sampled from the Semenyih 

River and Lake (Table 5). The mussels contained up to 53 pieces of microplastic per 

individual, while the fish had up to 97 microplastic per individual. Expressed as the 

number of pieces of microplastic per dry body weight, mussels contained a maximum 

of 338.65 pieces mg-1 and fish 0.024 pieces mg-1. Thus, patterns across different groups 
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varied according to whether data were represented as abundance or per individual 

dry weight.  

 

4.1.1 Differences in microplastic contamination between taxa 

Microplastic load (abundance and concentration) across different classes obtained 

using the visual inspection method was compared. There was a significant difference 

in the microplastic abundance between Actinopterygii, Bivalvia, and Insecta (K-W: 

H(2)=9.94, p=0.007). Of the three classes, Insecta had significantly lower microplastic 

abundance than Actinopterygii (Dunn-Bonferroni post-hoc test, p=0.006), see Figure 

4.2a. Microplastic concentration also differed significantly between classes (K-W, 

H(2)=9.67, p=0.008), with Insecta having a significantly higher microplastic load per 

milligram of dry tissue than Bivalvia (Dunn-Bonferroni post-hoc test, p=0.020); see 

Figure 4.2b.  

 



 
 

 
101 

 

 

Figure 4. 2. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of the 

major taxonomic groups (Class: Actinopterygii, Bivalvia, and Insecta), under lower 

resolution method and in logarithmic scale. Horizontal lines indicate significant 

differences at p<0.05 (Dunn-Bonferroni post-hoc test), p<0.05 represented by a single 

asterisk (*), p<0.01 represented by a double asterisk (**), and p <0.001 represented 

by a triple asterisk (***). 

 

  

 

a)

b)



 
 

 
102 

 

To investigate inter-family differences in the Insecta, data from the high-resolution 

method were used because this method yielded a more complete picture of total body 

loads. Tests indicated significant differences in concentration between the families (K-

W: H(3)=9.629, p=0.022, Figure 4.3b). Hydropsychidae has significantly lower 

microplastic concentration than Simuliidae (K-W: H(3) = -10.200, p=0.038, Figure 4.3b). 

However, there was no significant difference between the four insect families when 

the load was expressed using microplastic abundance (K-W: H(3) = 7.343, p=0.062, 

Figure 4.3a). Differences between the fish families (Appendix 6) were not assessed due 

to the small numbers within some families that prevented meaningful statistical 

analysis. Overall, it is clear that body loads differ between different taxonomic groups, 

although this depends partly on whether microplastic is expressed as abundance in 

the body or concentration. The higher-resolution counterstaining dye method was 

able to detect differences between some benthic invertebrate families.  
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Figure 4.3. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of four 

freshwater invertebrate families processed using the counterstaining dyes approach. 

Horizontal lines indicate significant differences at p<0.05 (Dunn-Bonferroni post-hoc 

test), p<0.05 represented by a single asterisk (*), p<0.01 represented by a double 

asterisk (**), and p <0.001 represented by a triple asterisk (***). 

 



 
 

 
104 

 

 

4.1.2  Distribution of microplastic between different body parts of fish 

For each fish, gills, GIT, and muscles were dissected and the organ part was processed 

separately using the visual inspection method. There was a significant difference in 

microplastic concentration between these three organ parts (K-W: H(2)=11.05, 

p<0.004, see Figure 4.4). The load of plastic contaminant for each organ is ranked as 

GIT > gills > muscle, showing most plastic particles are accumulating in the GIT.  

 

 

Figure 4.4. Box and whisker plot showing median microplastic concentration (items mg 

dry tissue weight-1) of different body parts of Actinopterygii. Horizontal lines indicate 

significant differences at p<0.05 (Dunn-Bonferroni post-hoc test), p<0.05 represented 

by a single asterisk (*), p<0.01 represented by a double asterisk (**), and p <0.001 

represented by a triple asterisk (***). 
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4.2  Spatial differences in microplastic loads 

Insects were collected from 8 sites along the Semenyih River, with samples of 

microplastic in the water and bed obtained at the same time from each site (Figure 

4.5). The microplastic concentration in water and on the bed, both differed between 

sampling sites (K-W: H(6) = 19.425, p = 0.004, and H(6) = 26.203, p <0.001, 

respectively). The downstream sites were generally more highly contaminated with 

microplastic, although patterns were complex and did not follow a continuous 

downstream pattern. For instance, site 1 (the uppermost site) was as highly  

contaminated as the downstream sites, despite being a rural site located in a forest 

upstream from the dam. The bed data showed a more progressive downstream 

increment than the water column data, though again some sites (notably site 2) 

appeared as anomalies.  
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Figure 4.5. Box and whisker plot showing median microplastic concentration in (a) 

water (items L-1) and (b) bed sediment (items per m2) samples collected from the 

Semenyih River. Sampling sites were named according to their location along the river; 

Site 1 was the most upstream site and Site 8 was the most downstream site. Horizontal 

lines indicate significant differences at p<0.05 (Dunn-Bonferroni posthoc test), p<0.05 

represented by a single asterisk (*), p<0.01 represented by a double asterisk (**), and 

p <0.001 represented by a triple asterisk (***). 
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There was a significant difference in microplastic abundance in invertebrates collected 

from different sites on the river (K-W: H(6)=23.184, p<0.001, see Figure 4.6a), with 

those collected from site 2 containing significantly more pieces of microplastic than 

those collected in site 1 (Dunn-Bonferroni post-hoc test p=0.009), 3 (p=0.003), and 4 

(p=0.005). The data for microplastic concentration showed some similar patterns with 

animals at site 2 having high concentrations: those at site 2 had higher loads per body 

mass than site 4 (p=0.028) and were no different from those collected in further 

downstream sites. Thus, overall, animals from upstream sampling site 2 were equally 

contaminated with microplastics as the ones collected from further downstream sites 

(site 6, site 7, and site 8). Note that this and all the subsequent analyses used only 

invertebrates processed using the low-resolution method (as the sample sizes of 

animals were higher than the high-resolution method).  
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Figure 4.6. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of 

macroinvertebrates (class: Insecta) from the Semenyih River in this study, processed 

using the visual inspection method. Sampling sites were named according to their 

location along the river; Site 1 was the most upstream site and Site 8 was the most 

downstream site.  Horizontal lines indicate significant differences at p < 0.05 (Dunn-

Bonferroni posthoc test). P <0.05 is represented by a single asterisk (*), P <0.01 is 

represented by a double asterisk (**), and P <0.001 is represented by a triple asterisk 

(***).  
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4.3  Factors influencing microplastic body loads in aquatic insect larvae 

4.3.1 Site contamination  

There was no significant correlation between ranked microplastic abundance in 

invertebrates and the ranked microplastic concentration in water (Spearman's rho: 

rs(6)=0.429, p=0.289) and sediment (Spearman's rho: rs(6)=0.667, p=0.071). When 

expressed in microplastic concentration, the loads in invertebrates also did not 

correlate with the water (Spearman's rho: rs(6)=0.643, p=0.086) and sediment 

(Spearman's rho: rs(6)=0.429, p=0.289).  

 

4.3.2 Body size 

Animals included in the study ranged from a body length of 1.237 mm (invertebrate) 

to 335.00mm (fish). As most animals collected were invertebrates, most were in the 

smaller size classes (Figure 4.7). Linear regression was used to examine the 

relationship between the body size of animals and the amount of microplastic 

ingested. The microplastic abundance of animals was significantly correlated to their 

body length (R2 = 0.113, F(1,605) =76.81, p<0.001).  
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Figure 4.7. Histogram of the body length (mm) of freshwater animals (N=607) sampled.  

 

When analysed separately for different classes (Figure 4.8.), only the insects had a 

body load that was significantly related to their length. However, while formally 

significant (p=0.041), little of the variability in microplastic could be accounted for by 

their length (model R2 = 0.086, F(1,562) = 0.007, p=.041). There was no significant 

correlation between the body size and microplastic abundance for Actinopterygii 

(p=0.788) and Bivalvia (p=0.368).  
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Figure 4.8. Scatter plots of microplastic abundance (items per individual) of three main 

freshwater classes included in this study (a; Actinopterygii, b; Bivalvia, and c; Insecta) 

with their body length (mm).  
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4.3.3 Feeding preferences 

Invertebrates were grouped according to their functional feeding groups and 

consisted of a gatherer (Baetidae), a filterer (Simuliidae, Hydropsychidae, and 

Unionidae), and a predator (Odonata). Chironomidae was not included due to the wide 

range of feeding preferences of the many species making up this group. Kruskal-Wallis 

test indicated that microplastic abundance did not differ significantly between 

functional feeding groups, H(2)=2.493, p=0.288 (Figure 4.9a). However, the 

microplastic load between different functional feeding groups differed significantly 

when expressed in microplastic concentration per mg of dry tissue, H(2)=7.073, 

p=0.029, with the filterers containing less microplastics in their tissue per unit weight 

than gatherers (p=0.037; Figure 4.9b).  
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Figure 4.9. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of 

macroinvertebrates from different functional feeding groups. Horizontal lines indicate 

significant differences at p<0.05 (Dunn-Bonferroni post-hoc test), p <0.05 represented 

by a single asterisk (*), p<0.01 represented by a double asterisk (**), and p <0.001 

represented by a triple asterisk (***). 
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Fish were categorised into carnivorous and omnivorous species (see Appendix 6). 

There was no difference in body concentration between the two groups, Mann-

Whitney U test, U(Ncarnivorous = 10, Nomnivorous = 9,)= 43.00, z= -.163, p= 0.870 (Figure 

4.10). Hence, feeding preference did not appear to influence the ingestion of 

microplastic by these fish.  

 

 

Figure 4.10. Box and whisker plot showing median microplastic concentration (items 

mg-1 dry tissue weight) of freshwater fish, grouped by their feeding habits.  
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4.4 Microplastic characteristics 

 

 

Figure 4.11. Composition of microplastic shape (bead, fibre, film, and fragment) 

identified in fish, invertebrates, sediment, and water samples. 

 

The relative abundance of different shapes/types of microplastic differed between the 

animals and their environment (Chi-square test, X2 (9, N = 2513) = 1041.23, p <0.001 

(Figure 4.11). Bed and water samples were dominated by fibres (91.97% and 97.97% 

respectively), whereas fragments and films were more prevalent in animals.    
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Figure 4.12. Composition of microplastic shape (bead, fibre, film, and fragment) 

identified in different freshwater taxa included in this study. 

 

Invertebrates and fish ingested microplastic of all four different shapes (beads, fibres, 

fragments, and films). The prevalence of these shapes differed significantly between 

the taxa, X2 (15, N = 985) = 33.118, p=0.005 (Figure 4.12). Fibre was the most abundant 

type ingested by Actinopterygii (37.7%) whereas fragments were most frequently 

identified in Insecta (Baetidae; 52.2%, Chironomidae; 51.6%, Hydropsychidae, 45.9%; 

Simuliidae; 46.0%, and Odonata; 42.3%). Most taxa contained all 4 types of 

microplastic, although Simuliidae lacked beads. Thus, the relative composition of 

shapes ingested differed between taxa, and microplastic was ‘selectively’ ingested by 

the animals rather than randomly ingested from the environment.  
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Figure 4.13. Composition of microplastic colours identified in fish, macroinvertebrates, 

sediment, and water samples collected from the Semenyih River. 

 

Microplastics of many different colours were identified (Figure 4.13). The composition 

of microplastic colours identified in different sample types differed (X2 (27, N = 2513) 

= 307.60, p <0.001 (Figure 4.14.). In general, black-coloured microplastic was most 

frequently found in biota samples (fish 31.17%, macroinvertebrates 33.87%) whereas 

white/transparent coloured microplastic occurred the most in the sediment (34.07%) 

and water (29.65%) samples from the Semenyih River.  
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Figure 4.14. Composition of microplastic colours identified in fish and invertebrate taxa 

collected from the Semenyih River.  

 

In general, blue- and black-coloured microplastics were most ingested, followed by 

transparent microplastic. The Chi-square test showed the colour of microplastics 

ingested differed significantly between the taxa, X2 (45, N = 985) = 96.118, p <0.001 

(Figure 4.14). Odonata contained a higher percentage of brown-coloured microplastic 

(7.69%) that was less frequently ingested by the other taxa, while Actinopterygii 

ingested a higher percentage of red-coloured microplastic (14.09%) than the other 

taxa. Thus, aquatic animals might selectively ingest microplastic of a certain colour or 

shape, instead of randomly intaking microplastic available from the surrounding 

environment.  
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5. Discussion 

5.1 Overall microplastic load in freshwater animals from the Semenyih catchment 

This is the first study from Malaysia to establish the presence and abundance of 

microplastics in a broad range of freshwater invertebrates and fish taxa. Using the low-

resolution method (which as the common method means that comparison with other 

work is possible), 44.2% of the macroinvertebrates in the Semenyih River contained 

microplastic (Table 5). This finding is consistent with 48.5% of the Vipacco River in Italy 

(Bertoli et al., 2022) and 50% of the Taff catchment in the United Kingdom (Windsor 

et al., 2019). However, the microplastic occurrence in macroinvertebrates is lower 

than 88.6% from the Dommel River in the Netherlands (Pan et al., 2021).   

 

Chironomidae have been reported to have high microplastic prevalence, with 75%-

100% of individuals from South African rivers containing microplastic (Dahms et al., 

2020; Nel et al., 2018). Again, using the low-resolution data to allow comparison, 

Chironomidae from the Semenyih River had a higher mean microplastic concentration 

(18.286 items mg dry tissue weight-1) and abundance (1.006 items individual-1) than 

the maximum loads so far reported in other countries like South Africa (2.31 items mg-

1, Nel et al., 2018) and Taiwan (2.87 items mg-1, Lin et al., 2021). Similarly, Baetidae 

from this study contained higher microplastic load than other taxa from the same 

order reported in other countries such as Caenis (0.067 items individual-1, Bertoli et 

al., 2022), Potamanthus (0.2 items individual-1Bertoli et al., 2022), and Ephemeroptera 

(0.74 items individual-1, Parker et al., 2022a; 0.08 items individual-1, Parker et al., 

2022b). Also, the microplastic occurrence of Hydropsychidae in the Semenyih River is 
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higher than Trichoptera assessed in other countries (19.6%, Bertoli et al., 2022; 57%, 

Parker et al., 2022a; 46%, Parker et al., 2022b). Finally mean microplastic abundance 

of Odonata (2 items individual-1) is higher than in other regions, where values ranged 

from 0.043 to 0.45 items individual-1 (Bertoli et al., 2022; Pan et al., 2021; Parker et al., 

2022b, 2022a). 

 

This is only the second study conducted in Malaysia that assessed microplastic in 

freshwater fish. The mean microplastic abundance of some species sampled in 

Semenyih River including Oreochromis mossambicus (12 items individual-1), 

Oxyeleotris marmorata (6 items individual-1), and Anabas testudineus (1 item 

individual-1) is greater than 1.61 items individual-1, 2 items individual-1, and 0.38 items 

individual-1 from the Skudai River (Sarijan et al., 2019), respectively.  Also suggesting 

high rates of contamination is the fact that 94.7% of the fish sampled in this study 

contained microplastic. This finding is higher than the 40% reported in the Skudai River 

(Sarijan et al., 2019), 25.7% in XiangXi River, China (Zhang et al., 2017), 45% in Texas 

(Peters and Bratton, 2016), and 54% in River Bourne, United Kingdom (Parker et al., 

2022b). However, the occurrence in Semenyih River is lower than in some Asian 

countries such as 95.7% in Taihu Lake in China (Jabeen et al., 2017) and 100% in Han 

River, South Korea (Park et al., 2020a). Microplastic identified in GIT of some species 

(appendix 7) such as Notopterus notopterus (39 items individual-1), Clarias batrachus 

(23 items individual-1) and Hypostomus plecostomus (50 items individual-1) are higher 

than the maximum observation reported in most studies ever conducted (~6-30 items 

per fish, reviewed by Galafassi et al., 2021). 
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In contrast, the microplastic load of Unionidae (58.3%, 3.708 items individual-1, and 

0.0003 items mg-1) from the Semenyih Lake is lower than Lasmigona costata in the 

Grand River watershed, Canada (71.5%, 1.90 items individual-1, 21 items g-1; Wardlaw 

and Prosser, 2020) and Anodonta anatine (100%, 25.31 individual-1; Berglund et al., 

2019).  

 

5.1.1 Differences in microplastic contamination between taxa  

The higher-resolution counterstaining dye method detected differences between 

some benthic invertebrate families. Thus, Simuliidae contained more microplastic per 

mg dry tissue weight compared to Hydropsychidae, but there was no significant 

difference between other invertebrate families (Figure 4.3b). This did not align with 

the pattern established by Windsor et al (2019), who found that Baetidae had a larger 

microplastic load than Hydropsychidae and Heptageniidae. Other studies also 

reported differences in microplastic load between taxa. For instance, higher body 

loads of microplastic were found in Tubificidae, Chironomidae, and Asellidae 

compared to other taxa assessed in the Dommel River, Netherlands (Pan et al., 2021).  

 

Many studies have failed to detect differences in body loads between taxa. The taxa 

selected covered a wide range of feeding guilds and trophic positions (Parker et al., 

2022a) and the apparent lack of difference might be a result of individual specialisation 

that caused diet to be highly variable in space and time, especially for the fish taxa 

(Araújo et al., 2011). However, this study did not assess the difference between fish 
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species due to the small sample size. As reported here for the Semenyih, the variation 

in microplastic load between taxonomic grouping also partly depends on whether 

microplastic is expressed as abundance in the body or concentration. This mirrored 

the finding from Akindele et al (2019) where the microplastic abundance in L.varicus 

(1.71 ± 0.46 g−1) was the highest compared to T.fluviatilis (6.1 ± 1.05 g−1), but the 

pattern reversed when expressed in concentration.  

 

Along with the visual inspection (lower resolution) method for microplastic 

identification, this study also adopted the counterstaining dye method (higher 

resolution) to identify smaller-sized microplastic. It was possible to enumerate 

material down to 4µm, which is within the nanoparticle size range. This 

counterstaining method prevents the overestimation of microplastic that can result 

from using Nile Red dye alone (Maxwell  et al., 2020). All biological samples that were 

analysed using the higher-resolution method contained microplastic, while overall 

around 50% of those processed using the low-resolution method contained 

microplastic. Although the ratio of higher to lower resolution approach varied among 

the taxa, treated as a global value the microplastic abundance of invertebrates 

processed using the higher resolution method was 120 times higher than the lower 

resolution method. Future assessments of contamination can use this ratio to avoid 

underestimating the amount of microplastic in freshwater invertebrates when 

processing and identifying microplastic down to the nanoscale is not possible. 
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5.1.2 Distribution of microplastic between different body parts of fish  

There was evidence that microplastics can translocate from GIT to other body parts of 

fish (Collard et al., 2018). In the Semenyih data, GIT contained more microplastic than 

muscle and gills tissue (Figure 4.2; Appendix 7). This is consistent with the findings 

from Colombia (Garcia et al., 2021) and Indonesia (Agustian Fareza and Sembiring, 

2020), where higher abundance was identified in GIT compared to gills and muscle. 

Although the size of microplastic identified in different body parts was not measured 

in this study, evidence has shown that microplastic in gills are generally smaller than 

GIT (Su et al., 2019), and probably was uptake by the fish passively rather than active 

ingestion (Parker et al., 2021). 

 

This is the first study in Malaysia that reported the presence of microplastic in the flesh 

of commercially important freshwater fish (Appendix 7). Although, in previous studies 

no microplastic was found in the flesh of fish sampled from the Han River in South 

Korea (Park et al., 2020a) and Marne and Seine Rivers (Collard et al., 2018) in France. 

This finding is concerning as the presence of microplastic in flesh indicated there was 

a translocation of microplastic from GIT to muscle tissue. 

 

5.2 Spatial differences 

Microplastic concentration in the water and deposited on the bed differed between 

sampling sites with a general increase in concentration downstream. This aligned 

generally with the pattern reported by Chen et al (2021a). The pattern, however,  is 

complex. The upstream site (site 2) was just as contaminated with microplastic as the 
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downstream sites, and the same pattern was shown in the microplastic load of 

invertebrates. Site 2 is a  recreation area with significant levels of trash input. Sampling 

was done following a major flood in the area, although it was unclear whether this 

increased microplastic input into the river through runoff and precipitation as 

mentioned in several studies (Matjašič et al., 2023; Werbowski et al., 2021). Thus, 

spatial patterns in the water and bed reported here may not be consistent over time, 

under different flow conditions.  

 

The microplastic abundance and concentration in invertebrates significantly differed 

between sampling sites. This mirrored the pattern observed in invertebrates (Dahms 

et al., 2020; Garcia et al., 2021; Nel et al., 2018) and fish (Horton et al., 2018; Park et 

al., 2020b) from other regions. Nevertheless, this pattern is not typical to all rivers; e.g. 

Parker et al (2022a) failed to detect differences in, the microplastic load of fish 

captured from different parts of River Stour, Dorset.  However, it was worth noting 

that the authors did not collect accompanying samples from the water and/or 

sediment, so it remains unclear whether the lack of pattern in the biota reflects a lack 

of pattern in environmental contamination, or that the two are unrelated.  

 

5.3 Factors influencing microplastic body loads in aquatic insect larvae 

5.3.1 Site contamination 

Numerous studies have hypothesised that the degree of site pollution would alter the 

microplastic load in freshwater animals. Water velocity and depth would affect the 

dispersion and settlement of microplastics and their bioavailability to benthic 
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macroinvertebrates, and correspondingly the microplastic load in Chironomidae was 

found to be more connected with the microplastic concentrations in sediment than 

water (Dahms et al., 2020). In contrast, body loads in fish may be more correlated with 

the microplastic concentration in the water column  (Park et al., 2020b). The amount 

of microplastic in mosquitofish (Gambusia affinis) was more closely related to the 

microplastic concentration in the water because the fish were more likely to ingest 

microplastic after a flood when the amount of microplastic in the water rose 

(Eppehimer et al., 2021).   

 

Notably, no correlation was found between the abundance of microplastic in 

invertebrates in the Semenyih River and the amount of microplastic in the water or 

deposited on sediment. Both a simple rank correlation (rank of body loads vs. rank of 

bed loads for the 8 sites) and a more complex Generalised Additive Mixed Model 

(applied to raw site values) failed to detect a relationship between bed and body loads 

in the insects. A lack of pattern was also noted by Garcia et al (2021), although the 

most urbanised sites of the study contained the highest microplastic loads in the 

water, sediment, and invertebrates. Similarly, the microplastic load of fish sampled 

from Lake Michigan in the USA was not correlated with the patterns observed in the 

water column (McNeish et al., 2018). High sediment microplastic concentration was 

shown in the site with a lower velocity (Parker et al., 2022b), but microplastic load in 

invertebrates between sites was not significantly different, suggesting that aquatic 

animals at sites with high concentrations are not necessarily at greater risk of 

microplastic ingestion (Parker et al., 2022b). 
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Chen et al (in press) found that water and sediment collected from the same sampling 

sites of this study did not correlate and that the amount of microplastic deposited on 

the bed was highly variable within sites (within-site variation was as great as between 

site variation). This suggests that bed levels are highly spatially heterogeneous over 

scales of metres and that site-averaged analysed may overlook true patterns of 

exposure to benthic invertebrates. This may partly explain the lack of relations 

between site and biological contamination reported in this thesis. The sampling was 

designed to assess body loads in a range of taxa and generated data to evaluate 

different enumeration methods, and a different approach would be needed to assess 

whether body loads reflect bed contamination levels. Microplastic abundance and size 

in sediment are known to influence the size and microplastic in organisms within small 

areas (Pan et al., 2021), and other factors such as hydraulic heterogeneity would 

influence the bioavailability of microplastic (Dahms et al., 2020; Eppehimer et al., 

2021; Matjašič et al., 2023; Windsor et al., 2019). Thus, paired bed and biological 

samples would need to be collected for the same patches of bed to properly assess 

links between environmental and biological contamination. 

 

5.3.2 Body size 

Body lengths of aquatic animals were weakly correlated to the microplastic 

abundance, with the pattern only present when all classes were pooled, or within 

insect larvae, but not for fish and mussels. Macroinvertebrates with higher biomass 

were found to ingest more microplastic than those with smaller biomass (Windsor et 
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al., 2019). Some other studies have failed to find such relationships; e.g. the body size 

of macroinvertebrates from the Vipacco River in Italy did not correlate with the 

microplastic abundance in the invertebrates (Bertoli et al., 2022).  

 

Our finding aligned with Garcia et al (2021), although the body size of fish also 

influenced the abundance of microplastic ingested in their study. Similarly, the body 

length of fish captured from the Dorset Stour also did not influence the microplastic 

abundance of the fish, but the authors have narrowed the size range of fish in the 

study (Parker et al., 2022a). In contrast, larger fish in the River Thames in the UK had 

a higher likelihood of ingesting the most microplastic as they require a larger volume 

of food to meet energy demands; body loads, however, were not related to other 

ecological factors such as gender (Horton et al., 2018). Also, larger-sized round goby 

(Neogobius melanostomus)  ingested more microplastic than the smaller individuals, 

although this trend was absent in other species or when taxa were pooled (McNeish 

et al., 2018). Similar patterns were observed in another Malaysian river, where the 

authors found body weights of freshwater fish correlated with microplastic abundance 

(Sarijan et al., 2019). Nevertheless, only 19 individual fishes were included in this study 

of the Semenyih, and so as small sample size might have hindered the relationship 

between body size and microplastic abundance in fish.  

 

5.3.3 Feeding preference  

Fish and invertebrates with various feeding preferences were compared for the 

microplastic load. In terms of invertebrates, collector-gatherers had a larger 
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concentration of microplastic than filterers. Collector-gatherer included in this study 

was the mayfly larvae (Ephemeroptera: Baetidae).  Several studies have reported 

significantly higher microplastic accumulation in this taxon when compared to taxa 

from the other functional feeding groups (Akindele et al., 2019; Bertoli et al., 2022; 

Parker et al., 2022a). For instance, Parker et al (2022a) identified significantly more 

microplastic in the Ephemeroptera than in other taxa, but microplastic abundance 

between the other groups was the same.   Gatherers were found to have ingested a 

more diverse range of microplastic types than predatory taxa (Akindele et al., 2019). 

However, results from stable isotope analyses suggested that feeding preference did 

not influence the microplastic load in aquatic animals, but taxa in higher trophic 

positions tend to contain a higher abundance of microplastic (Garcia et al., 2021).  

 

There was no significant difference between the carnivorous and omnivorous fish from 

the Semenyih River. In another Malaysian river, herbivorous fish contained more 

microplastic than omnivorous fish, although there was no significant difference 

between bottom or water column feeders (Sarijan et al., 2019). However, in the 

Garonne River in France, bottom feeders had higher microplastic concentrations than 

column feeders; this trend was argued to be more influenced by the origins of the 

microplastic (sediment vs. water column) than by the trophic position of the fish 

(Garcia et al., 2021).  
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5.4 Microplastic characteristics 

Microfibre was most commonly identified in the fish, sediment, and water sample in 

this study. This is in line with the findings of a recent study carried out in the same 

river, which also observed fibre as the river's most common type of microplastic (Chen 

et al., 2021a). However, compared to other places where more than half of the 

microplastic type retrieved from fish was fibre, fibre was less frequently consumed by 

fish in the Semenyih River (37.2%) (Galafassi et al., 2021; Horton et al., 2018; McGoran 

et al., 2017; Sarijan et al., 2019). In contrast, invertebrates included in this study mainly 

ingested fragmented microplastic. This is consistent with the discovery from the River 

Stour, Dorset, where macroinvertebrates mainly consumed blue-green fragments.  

 

Microplastics of many different colours were identified in this study. The composition 

of microplastic colours identified in different sample types and taxa differed 

significantly. Despite white/transparent microplastics being most found in the 

environment (sediment/water), the fish and invertebrates from the same river mainly 

ingested blue and black microplastics. Similarly, Parker et al (2022a) also identified 

mainly blue/green and grey/black microplastic in their macroinvertebrate and fish 

samples. This is in line with a laboratory study in which wild omnivorous fish (P. 

eigenmanniorum) primarily consumed yellow and blue microplastics while avoiding 

white microplastic, despite the quantity of different coloured microplastics added to 

the experimental group was the same (Ríos et al., 2022). However, the mechanisms 

leading to the differential in microplastic colour identified in different taxa remain to 

be identified, as the authors did not provide an explanation for why the fish only 

ingested microplastics of a certain colour (Ríos et al., 2022). Nevertheless, some 
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suggest blue/green microplastic was most commonly ingested by macroinvertebrates 

as it was comparable to the food resources (algae) of the animals (Bertoli et al., 2022; 

Parker et al., 2022a).  

 

The microplastic shapes and colours were significantly different between animals (fish 

and invertebrates), water and sediment. This suggests the aquatic animals might 

selectively/actively ingest certain types or colours of microplastic, instead of passively 

ingesting materials in proportions reflecting their availability in the surrounding 

environment (Garcia et al., 2021; Nan et al., 2020; Ríos et al., 2022). Benthic organisms 

were found to selectively ingest microplastic based on factors such as microplastic 

characteristics and environmental conditions (Pan et al., 2021).  Parker et al. (2022a), 

on the other hand, recognised dominant microplastic types (size, colour, and form) 

that were consistent in macroinvertebrate and fish samples, indicating that the 

majority of the microplastic found at the sampling sites is of the same kind. A clear 

pattern from the Semenyih is that animals ingested more fragments than their 

availability in water or sediments might suggest, but it remains unclear whether 

patterns in ingestion of different colours reflect selection for colour per se or 

autocorrelation between colour and type. 

 

5.5 Future implications 

Microplastics are being reported in increasing frequency in different parts of the 

human body, such as the lungs (Amato-Lourenço et al., 2021), placenta (Ragusa et al., 

2021), blood (Leslie et al., 2022), and even colon tissue (Ibrahim et al., 2021b). This is 
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concerning since exposure to microplastic might impair physiological processes by 

raising the risk of neurotoxicity, cancer, and GIT disturbance (Pang et al., 2021). 

However, very few studies used environmentally realistic exposure concentrations 

when assessing the ecological risk of microplastic (Cunningham and Sigwart, 2019). As 

more studies provide baseline microplastic abundance in different environments 

(Akdogan and Guven, 2019; Boyle and Örmeci, 2020; Cheung and Fok, 2016; Reid et 

al., 2019), it is important to conduct a risk assessment using these concentrations to 

improve assessment of biological implications of microplastic   (Kotta et al., 2022). 

 

The baseline concentration for a variety of freshwater invertebrate and fish taxa from 

the Semenyih River in Malaysia was presented in this study, along with information on 

the factors that would influence the microplastic load in wild aquatic animals, and the 

characteristics of microplastics that were most commonly consumed by these 

organisms. This is especially important in countries such as Malaysia, where many local 

communities rely on fish consumed directly from local rivers. This is certainly the case 

across the Semenyih, where fishermen are ever-present along the river and either 

consume fish themselves or sell it to local markets. Future research should use this 

baseline data to evaluate the ecological risk of microplastics to better understand how 

exposure to such microplastic concentrations might affect both ecological and human 

health. Moreover, it is advised to replicate the study in the other rivers to determine 

whether the outcomes provided here are typical of Malaysian rivers. To avoid 

underestimating the amount of microplastic in freshwater invertebrates, future 

assessments could use the ratio of higher resolution to lower resolution microplastic 
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identification methods provided in this study for a few commonly found invertebrate 

families in Malaysia, when processing and identifying microplastic down to the 

nanoscale is not feasible. It would be useful to test this ratio in other areas, to evaluate 

its consistency and hence utility for assessment. 
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6. Conclusion 

This study provided the first evidence of microplastic occurrence in a wide range of 

freshwater fish and invertebrates in Malaysia, and the microplastic loads in the 

animals were higher than so far reported in the other studies. In addition, this study is 

also the first to report the presence of microplastic in the gills and flesh of fish, with 

GIT being the most contaminated part. The microplastic load in aquatic animals were 

found to varied between invertebrate species and sampling sites, despite the site 

contamination level would not alter the abundance of microplastic ingested by the 

invertebrates. Ecological factors such as body size and functional feeding groups only 

influenced the microplastic load in insect larvae, but not for mussels and fish. The most 

commonly found microplastic shape in the Semenyih River were fibre (in fish, water, 

and sediment) and fragment (in invertebrates), with the colour of white, blue, and 

black being the most dominant colour. However, there were notable differences in the 

microplastic shapes and colours retrieved between fish and invertebrate samples, as 

well as between water and sediment. This showed that the aquatic creatures may have 

intentionally or deliberately ingested microplastic. Finally, future research could use 

the ratio of higher resolution to lower resolution microplastic identification methods 

provided in this study for a few commonly found invertebrate families in Malaysia, 

especially when processing and identifying microplastic down to the nanoscale is not 

practical. This would prevent underestimating the amount of microplastic in 

freshwater invertebrates.  
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7. Appendices 

Appendix 1. Geographical coordinates of the sampling sites. 

Sampling site Coordinates 
1 101.9128281, 3.1093625 
2 101.8737889, 3.060739 
3 101.8731406, 3.0418375 
4 101.8714844, 3.0058125 
5 101.8476177, 2.94643381 
6 101.827078, 2.919683 
7 101.811433, 2.9052202 
8 101.8089981, 2.9040708 
Semenyih Lake 2.9470 N, 101.8598 E 

 

Appendix 2. The number of species (N) found in the Semenyih river and lake from the 

preliminary study conducted in September 2021. 

Taxa N 

Bivalvia 3 

Annelida-Hirudinea 7 

Annelida-Oligochaetes 5 

Branchiopoda-Conchostraca 28 

Chironomidae-Chironominae 57 

Chironomidae-Orthocladiinae 15 

Chironomidae-Tanypodinae 125 

Coleoptera-Elmidae 1 

Diptera-Simuliidae 4 

Ephemeroptera-Baetidae 1141 

Ephemeroptera-Caenidae 56 

Gastrapoda 2 

Lepidotera-Acentropinae 1 

Bivalvia-Unionidae 22 

Nematoda 12 

Odonata-Lestidae 3 

Odonata-Libellulidae 1 

Trichoptera-Hydropsychidae 55 

Trichoptera-Leptoceridae 27 

Trichoptera-Odontoceridae 2 
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Appendix 3. Flurorescent photos of macroinvertebrate samples processed using the higher resolution (counterstaining dyes) method. Blue 

colour (white arrow) represents particles derived from animal origin whereas red, yellow, and green were microplastics. 
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Appendix 4. Fiji Macros code was used for automated counting of microplastic 

processed by counterstaining dye method. 

///stack 4 images (ch00,ch02,ch03,ch04), ch00 (blue only), ch002 (green only), 

ch003 (yellow only), ch004 (red only). 

run("Images to Stack", "use"); 

//substract scale bar from stack using a blank image with scale bar after 

calibrating. 

open("C:/Users/user/OneDrive - University of Nottingham 

Malaysia/Desktop/Blank with scale bar.tif"); 

imageCalculator("Subtract create stack", "Stack","Blank with scale bar.tif"); 

//set threshold and fill holes 

selectWindow("Result of Stack"); 

run("8-bit"); 

run("Set Scale...", "distance=0.6604 known=1 unit=µm global"); 

setAutoThreshold("MaxEntropy"); 

//run("Threshold..."); 

setThreshold(14, 255, "raw"); 

setOption("BlackBackground", false); 

run("Convert to Mask", "method=MaxEntropy background=Dark calculate"); 

run("Fill Holes", "stack"); 

run("Stack to Images"); 

 

title = getTitle(); 
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if 

ch00 = endsWith(title, "ch00"); 

ch02 = endsWith(title, "ch02"); 

ch03 = endsWith(title, "ch03"); 

ch04 = endsWith(title, "ch04"); 

//ch02 add ch03 

imageCalculator("Add create",ch02,ch03); 

selectWindow("Result of"+ch02); 

//ch0302 add ch04 

imageCalculator("Add create", "Result of"+ ch02,ch04); 

selectWindow("Result of Result of"+ ch02); 

imageCalculator("Subtract create", "Result of Result of" + ch02, 

currentTitle+ch00); 

selectWindow("Result of Result of Result of" + ch02); 

run("Analyze Particles...", "size=10-5000 show=Outlines display clear 

summarize add"); 
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Appendix 5. Box and whisker plot showing median (a) microplastic abundance (items 

individual-1) and (b) microplastic concentration (items mg dry tissue weight-1) of six 

freshwater invertebrate families, processed using the standard visual inspection 

method. Horizontal lines indicate significant differences at p < 0.05 (Dunn-Bonferroni 

post-hoc test), p <0.05 represented by a single asterisk (*), p<0.01 represented by a 

double asterisk (**), and p <0.001 represented by a triple asterisk (***).
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Appendix 6. The habitat, feeding habits and taxa of freshwater fish sampled, with its sample size (n), mean and standard deviation of its 

body length (mm), microplastic abundance (items individual -1), and microplastic concentration (items mg dry tissue weight-1).  

Habitat Feeding 

habits 

Air-

breathing 

type 

Taxa  Body 

length 

(mm) 

Microplastic 

abundance 

(items 

individual -1) 

Microplastic 

concentration 

(Items mg dry 

tissue weight-1) 

 n Mean SD Mean SD Mean SD 

Benthopelagic Carnivorous Non-air 

breather 

Bagridae Hemibagrus 

nemurus 

9 253 61 14 6 .003 .003 

Omnivorous Non-air 

breather 

Cichlidae Oreochromis 

mossambicus 

2 230 28 12 6 .001 .0003 

 Non-air 

breather 

Cyprinidae Barbonymus 

schwanenfeldii 

1 200 - 13 - .004 - 

Demersal Carnivorous Facultative Butidae Oxyeleotris 

marmorata 

1 200 - 6 - .001 - 

 Facultative Notopteridae Notopterus 

notopterus 

1 230 - 45 - .024 - 

Omnivorous Continuous Anabantidae Anabas 

testudineus 

1 180 - 1 - .0003 - 

Continuous Clariidae Clarias 

batrachus 

3 297 30 34 54 .004 .005 

Continuous Loricariidae Hypostomus 

plecostomus 

1 335 - 55 - .005 - 
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Appendix 7. The sample size (n), mean of dry tissue weight (mg), microplastic abundance (items individual -1), and microplastic 

concentration (items mg dry tissue weight-1) for different body parts of fish.  

Taxa Body part Sample size (n) Mean dry 

tissue weight 

(mg) 

Microplastic 

count 

 (No. of 

particle) 

Microplastic 

abundance 

(items 

individual -1) 

Microplastic 

concentration 

(Items mg dry 

tissue weight-1) 

Anabas testudineus Gills 1 1387.500 0 0.0000 0.0007 

GIT 1 332.100 1 1.0000 0.0030 

Muscle 1 2050.100 0 0.0000 0.0005 

Hemibagrus nemurus Gills 8 2280.563 13 1.6250 0.0035 

GIT 8 2503.013 79 9.8750 0.0032 

Muscle 8 2286.738 13 1.6250 0.0035 

Oxyeleotris marmorata Gills 1 748.500 0 0.0000 0.0013 

GIT 1 2120.800 0 0.0000 0.0005 

Muscle 1 1250.900 6 6.0000 0.0008 

Oreochromis mossambicus Gills 2 2530.200 6 3.0000 0.0008 

GIT 2 8588.100 16 8.0000 0.0002 

Muscle 2 3737.150 2 1.0000 0.0005 

Clarias batrachus Gills 4 1600.525 19 4.7500 0.0025 

GIT 4 2099.725 94 23.5000 0.0019 

Muscle 4 1492.000 7 1.7500 0.0027 
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Barbonymus schwanenfeldii Gills 1 934.100 0 0.0000 0.0011 

GIT 1 1171.600 9 9.0000 0.0009 

Muscle 1 982.200 4 4.0000 0.0010 

Hypostomus plecostomus Gills 1 1597.900 2 2.0000 0.0006 

GIT 1 7770.300 50 50.0000 0.0001 

Muscle 1 768.200 3 3.0000 0.0013 

Notopterus notopterus Gills 1 511.200 4 4.0000 0.0020 

GIT 1 429.800 39 39.0000 0.0023 

Muscle 1 899.600 2 2.0000 0.0011 
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