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ABSTRACT 

Microplastics (MP) are plastic particles with size less than 5 mm and have been 
widely investigated for their occurrence in marine environments. Contrariwise, data 
on the abundance, sources and impact of MP to aquatic biota in freshwater ecosystems 
are still scarce. Previous studies were usually focused on spatial analysis to compare 
the MP concentration between different sites. In this study, the abundance of MP in 
bed sediment and fish community in Skudai and Tebrau River was temporally 
investigated. Sediments were collected across a seven-month sampling period. 
Meanwhile, fish were caught all year round from September 2017 until August 2018. 
In-situ water quality parameters were also recorded throughout the sampling process. 
The inspection of MP particles was carried out under compound microscope with 40x 
magnification. The type of plastic polymer was analysed using attenuated total 
reflectance-fourier transform infrared (ATR-FTIR) spectroscopy. The abundance of 
MP in sediment was in the range of 206.6 ± 79.6 (mean ± SE) to 813.4 ± 13.0 particles 
per kg dry weight (d.w.) in Skudai River and 286.6 ± 102 to 1020 ± 81.6 particles per 
kg d.w. in Tebrau River. There was a significant difference at 95% confidence interval 
in the abundance of MP between both rivers. The significant difference in the 
abundance of MP was also observed during March 2018. Six edible fish species were 
identified in Skudai River such as African catfish, Clarias gariepinus, tilapia, 
Oreochromis mossambicus, climbing perch, Anabas testudineus, Pangasius catfish, 
Pangasius hypophthalamus, beardless barb, Cyclocheilichthys apogon and marble 
goby, Oxyeleotris marmorata. However, only African catfish was caught in Tebrau 
River. Overall, 326 individuals were obtained from both rivers. The study has shown 
that a significant difference in the ingested MP was found among three fish species 
namely African catfish, climbing perch, and Pangasius catfish. Since African catfish 
was the most abundant fish found in both rivers, thus further investigation on the 
ingestion of MP by 287 individuals of this species was carried out. The study found 
that there was a significant difference in the MP ingested by African catfish between 
monsoon and transitional period. The study also showed a moderate strong correlation 
between the ingested MP and Fulton’s condition. Interestingly, polyethylene and 
polypropylene were the most dominant polymers found in both sediment and fish 
samples. The relationship between the abundance of MP and water quality parameter 
was analysed via generalised linear model with Poisson regression. Three statistical 
models were developed to determine the relationships of MP from sediment and water 
quality parameters. In general, only TDS showed the positive relationship. When water 
quality parameters were paired with monsoon seasons, only turbidity and TDS 
influenced the abundance of MP. Meanwhile, both studied rivers and TDS have 
affected the abundance of MP in sediment when the model combines water quality 
parameter and sampling sites. Conversely, a model for the MP ingested by African 
catfish that combines water quality parameter and monsoon showed that only TDS 
influenced the number of MP. Overall, MP were found persistence in both studied 
rivers. All studied species ingested MP and the temporal retention of MP ingestion by 
African catfish indicated that fish could be a suitable indicator of regional MP 
pollution. The study also successfully proposed Poisson regression model in 
generalised linear model (GLM) on the MP pollution data. 
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ABSTRAK 

Mikroplastik (MP) adalah partikel plastik bersaiz kurang daripada 5 mm telah 
dikaji secara meluas mengenai kehadirannya di persekitaran marin. Sebaliknya, data 
kelimpahan, sumber, dan impak terhadap ekosistem air tawar masih lagi kurang di 
mana kajian baharu sahaja bermula. Kebanyakkan kajian terdahulu biasanya tertumpu 
kepada analisis ruang bagi membandingkan kepekatan MP antara tapak yang berbeza. 
Dalam kajian ini, kelimpahan MP pada sedimen dan komuniti ikan di Sungai Skudai 
dan Sungai Tebrau telah disiasat secara temporal. Sedimen dasar telah diambil selama 
7 bulan. Manakala, ikan telah ditangkap bermula September 2017 sehingga Ogos 
2018. Parameter kualiti air telah direkodkan insitu sepanjang proses persampelan. 
Pemeriksaan partikel MP telah dilakukan dengan mikroskop dengan 40x pembesaran. 
Jenis polimer MP telah dianalisis menggunakan jumlah terkecil pantulan spektroskopi 
inframerah transformasi fourier. Kelimpahan MP pada sedimen adalah dari 206.6 ± 
79.6 (purata ± ralat piawai) hingga 813.4 ± 13.0 partikel per kg berat kering di Sungai 
Skudai dan 286.6 ± 102 hingga 1020 ± 81.6 partikel per kg berat kering di Sungai 
Tebrau. Terdapat perbezaan bererti pada 95% selang keyakinan dalam kelimpahan MP 
di antara sungai. Perbezaan bererti turut diperhatikan pada bulan Mac 2018. Enam 
spesies ikan telah dikenal pasti di Sungai Skudai seperti ikan keli Afrika, Clarias 
gariepinus, tilapia, Oreochromis mossambicus, puyu, Anabas testudineus, patin, 
Pangasius hypophthalamus, lampam, Cyclocheilichthys apogon and ketutu, 
Oxyeleotris marmorata. Hanya ikan keli Afrika ditangkap di Sungai Tebrau. 
Keseluruhannya, sebanyak 326 ekor ikan telah ditangkap dari kedua-dua sungai. 
Kajian awal menunjukkan terdapat perbezaan bererti dalam MP yang ditelan oleh tiga 
spesies ikan iaitu ikan keli Afrika, ikan puyu, dan ikan patin. Kajian juga mendapati 
bahawa ikan keli Afrika adalah ikan yang paling banyak ditangkap, maka, siasatan 
lanjut terhadap MP yang ditelan oleh 287 individu ikan ini dilaksanakan. Hasil kajian 
menunjukkan terdapat perbezaan bererti dalam MP yang ditelan oleh ikan keli Afrika 
diantara monsun dan jangka masa peralihan. Sebuah korelasi sederhana kuat diantara 
MP yang ditelan dan badan Fulton turut diperolehi. Polietilena dan polipropilena 
adalah polimer yang paling dominan pada sedimen dan ikan. Manakala, hubungan di 
antara kelimpahan MP dan parameter kualiti air telah dianalisis menggunakan model 
linear teritlak dengan regresi Poisson. Tiga model statistik dibangunkan untuk 
menentukan hubungan MP dari sedimen dan parameter kualiti air. Umumnya, hanya 
TDS menunjukkan hubungan yang positif. Apabila parameter kualiti air digandingkan 
bersama monsun, hanya kekeruhan dan TDS mempengaruhi kelimpahan MP. 
Manakala, kedua-dua sungai dan TDS mempengaruhi kelimpahan MP pada sedimen 
apabila model menggabungkan parameter kualiti air dan tapak persampelan. 
Sebaliknya, model MP yang teringesi oleh ikan keli Afrika yang menggabungkan 
parameter kualiti air dan monsun menunjukkan hanya TDS mempengaruhi bilangan 
MP. Keseluruhannya, MP telah dijumpai persisten di kedua-dua sungai kajian. 
Kesemua spesies ikan menelan MP dan rentetan MP yang ditelan oleh ikan keli Afrika 
secara temporal menunjukkan ikan boleh dijadikan penunjuk yang sesuai untuk 
pencemaran MP serantau. Kajian juga berjaya mengusulkan model regresi Poisson 
dalam GLM pada data pencemaran MP. 
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INTRODUCTION 

1.1 Introduction 

Plastic debris floating on surface water has become one of the environmental 

issues concerning its abundance and fate. In general, the degradation of plastic debris 

into smaller particles with a size of less than 5 mm known as microplastics. The 

breakdown of larger plastics is commonly aided by several actions such as mechanical 

and biological ways (Erik van et al., 2015). Microplastics are classified into primary 

and secondary based on their sources. Primary microplastics mainly derived from 

products that contain microbeads in personal care products such as cosmetics and 

facial cleansers as well as plastic pellets that usually used to manufacture plastic 

products (Hernandez et al., 2017). Secondary microplastics are fragments of plastics 

defragmented from larger plastic products, for example, plastic packaging and clothing 

(Li et al., 2018). Noteworthy, the densities of this pollutant has been recorded up to 

100,000 of items/m3 on surface water (Eerkes-Medrano et al., 2015), and up to 100,000 

pellets/m from the beach sediment in the late 1970s (Van Cauwenberghe et al., 2015). 

To date, the discovery of the impacts of microplastics in marine environments 

has been reported by numerous studies (Ferreira et al., 2020; Ivar Do Sul and Costa, 

2014; Silva-Cavalcanti et al., 2017; Wright et al., 2013). The study on the density of 

microplastics in the estuarine environment has also been reported worldwide (Lima et 

al., 2014; Peng et al., 2017a; Sadri and Thompson, 2014; Sruthy and Ramasamy, 

2017). There are only a few studies were reported on the occurrence of microplastics 

in freshwater ecosystems as it is just recently studied, mostly since 2014 (Rodrigues 

et al., 2018; Slootmaekers et al., 2019; Yin et al., 2020). As well as, the comprehensive 

database on its occurrence (i.e. distributions, category, types of polymer) in rivers is 

still scarce (Mani et al., 2015; Wang et al., 2017a).  
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It was unanimously agreed that river acts as a major pathway to transport most 

of the plastic debris from land to marine environment. A previous report has estimated 

1.15 to 2.41 million tonnes of plastic waste is released to the ocean annually (Lebreton 

et al., 2017). However, in certain regions, not all plastic debris will be transported into 

the sea as most of this polymer is captured by trash traps, beaching, and entrapped in 

the trees along the river (Kooi et al., 2018). Most of the trapped debris will remain in 

the river bank and submerged in the water and subsequently affect the ecosystem and 

environmental health (Luís Gabriel Antão Barboza et al., 2018). It is worthy of note 

that the knowledge on the occurrence of microplastics in the freshwater environment 

is crucial to understand its sources and transport into the ocean (Fahrenkamp-

Uppenbrink, 2018). Several studies have reported that the occurrence of microplastics 

in the environment possibly originated from various terrestrial sources (Figure 1.1). 

Of these, the sewage treatment plant indicated as one of the main contributors (Li et 

al., 2018).  

 

 

 

 

 

 

Figure 1.1 Microplastics pollution in aquatic environment from numerous ways. 
Microplastics can be settled down in sediments or ingested by aquatic organisms 
(adapted from Dris et al., 2018) 

 

e 

c 

b 
a 

d 

g 

f 

a. sewage 
b. industry 
c. sewage treatment plant 
d. direct disposal 
e. washing 
f. fishing 
g. road 

microplastics 



 

3 

Rivers are one of the important sources of freshwater to provide pristine 

potable water for human consumptions. Regrettably, previous studies have found 

microplastic particles in potable water where this pollutant potentially influences 

human health (Pivokonsky et al., 2018). Besides, many edible aquatic organisms and 

commercially important fish species also occupy in river systems. Indeed, the 

inadvertent consumption of microplastics by living organisms is of great concern 

which occurs through the ingestion process. Many studies have reported the 

implication of the occurrence of microplastics in various marine animals than those in 

freshwater environments (Slootmaekers et al., 2019). For example, the ingestion of 

microplastics by numerous species of marine bivalve (Jiana Li et al., 2016; Van 

Cauwenberghe and Janssen, 2014), finfish (Lusher et al., 2013; Neves et al., 2015), 

sea turtles (Ostiategui-Francia et al., 2016) and also sea bird (Provencher et al., 2010).  

In general, the sampling site in Skudai River is located near to sewage 

treatment plant (approximately 300 m) and residential areas (approximately 400 m). 

Sampling site in Tebrau River is within industrial areas. There are at least 1,166 

industries operating along the Tebrau River (Bee-Kim, 2017). Based on the previous 

reports, most of the plastic wastes in both rivers were discarded by residents which led 

to the constant input of rubbish (Musa, 2017). Figure 1.2 shows that there are many 

plastic wastes observed to accumulate along the river bank during the sampling period. 

Some of the plastic waste also discarded from cars across the bridge as well as direct 

dumping by river-goers at sampling sites was observed although the awareness 

billboard on recycling campaign and river cleanliness built at the area. According to 

Peters and Bratton, (2016), roadway adjacent to the sampling site is considered as a 

non-point source of microplastic pollution through the direct disposal of trash illegally. 

Both rivers are installed with trash traps. In Skudai River, about 15 tonnes of 

waste was collected per day using trash traps (Shah, 2012). The cost to remove bulk 

waste is much expensive and time-consuming (Ravindran, 2018). It has been reported 

that about RM 90,000 were spent for monthly maintenance in Tebrau River (Bee Kim, 

2017). Thus, without proper management, it will only increase the accumulation of 

rubbish in the river bank. Indeed, the degradation of plastic debris will generate more 

microplastic particles and are ubiquitous in the environment. 
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Figure 1.2 The presence of rubbish at sampling site in (A) Skudai and (B) Tebrau 
River. 
 

Microplastics pollution have become a serious concern throughout the world 

due to its occurrence in living organisms and persistent in the aquatic ecosystems (Do-

Sul and Costa, 2014). Li et al., (2018) has categorised the impact of microplastics in 

the environments into three categories, namely physical (entanglement and ingestion), 

chemical, and biological. Among these, chemical and biological represent the worst 

scenario which can cause toxicity effects to aquatic organisms and humans. Also, the 

ingestion of microplastics by several commercial fish species may potentially risk to 

human health. It is because these smaller particles in the gastrointestinal tract of the 

fish can translocate or transfer to its edible tissues (Fossi et al., 2018). 
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1.2 Problem Statement 

Previous researches have been focusing greatly into the impacts of 

microplastics in the marine environment. The significant evidence on the potential 

effect of microplastics can be observed through its ingestion by various marine 

animals, from plankton up to the large mammals. The database on the occurrence of 

microplastics in freshwater environments is still scarce, resulting in the difficulty to 

understand its fates and sources (Peng et al., 2018; Schell et al., 2020). The study of 

microplastics associated with freshwater environments was only 3.7% (Lambert and 

Wagner, 2018). Interestingly, the information shows that the abundance of 

microplastics in freshwater is comparable to or more serious than those found in 

marine environments (Klein et al., 2018; Peng et al., 2017b; Yonkos et al., 2014). 

The accumulation of plastic debris in river sediment was observed during low 

tide at both sampling sites in Skudai and Tebrau River. This occurrence will contribute 

to the high concentration of microplastics in sediments. Peng et al. (2018) have 

regarded the urban river sediment as a potential reservoir for the terrestrial source of 

microplastics and need further investigation. Sediment is also represented as the best 

environmental sample to investigate for long-term accumulation of microplastics 

compared with the water sample (Wang et al. 2017a). Besides, sediment samples from 

freshwater environments are seldomly investigated for the microplastic occurrence 

(Anderson et al., 2016). In this study, bed sediment was collected in Johor urban rivers 

to examine their abundance based on the temporal scale through different monsoon 

seasons in Malaysia.  

Several efforts have been made to describe the impact of microplastics in the 

river. However, the study of microplastic ingestion by aquatic organisms in such area 

is less highlighted (Silva-Cavalcanti et al., 2017; Slootmaekers et al., 2019). Hitherto 

only a few organisms were reported to ingest microplastics intrinsically, such as 

deposit feeder, Chironomus spp. (Nel et al., 2018), sunfish, Lepomis macrochirus and 

L. megalotis (Peters and Bratton, 2016) and also the first report of microplastic 

ingestion by wild freshwater fish, gudgeon, Gobio gobio (Sanchez et al., 2014). The 

caught African catfish in Skudai River and Tebrau River are consumed by the local 



6 

community. By nature, African catfish is known as a benthopelagic fish and living on 

the seafloor. In addition, this species is regarded as a very good scavenger and able to 

consume all types of feeds (Singh et al., 2014). Based on this feeding behaviour, hence, 

African catfish has a great potential to ingest microplastics during feeding time. On 

the other hand, the biomagnification of microplastics may also occur through the food 

web since African catfish is also recognized as among the final predator in river. The 

occurrence of microplastics can also affect other fish species occupy in these rivers 

which may lead to false satiation (Rummel et al., 2016), reduce predatory performance 

(de Sá et al., 2015) or translocate into internal tissue (Abbasi et al., 2018). Thus, the 

study of microplastic occurrence in the fish community is pertinent to examine the 

severity of these small plastic particles in freshwater environments, especially fish in 

the studied rivers. 

The spatial variability of microplastics has been documented by numerous 

studies worldwide (Castañeda et al., 2014; Mani et al., 2015). In contrast, the 

spatiotemporal abundance of microplastics based on extreme events (e.g. floods, 

storms and seasons) has only received little attention (Han et al., 2020; Rodrigues et 

al., 2018; Yonkos et al., 2014; Zhao et al., 2015). Indeed, the study on the changes of 

microplastics pollution levels over time is vital to gain insight into the severity and 

persistence of this pollutant towards the environment (Fan et al., 2019; Shim et al., 

2018). To date, only a few studies have reported on the relationships between 

microplastics abundance and other environmental factors such as water quality and 

seasonality. Kataoka et al. (2019) has recently investigated the significant between the 

number of microplastics and water quality parameters in Japan rivers. In their study, 

the annual mean of water quality data was used instead of regularly monitored during 

sampling work. By using a linear regression model, their study demonstrated that only 

biochemical oxygen demand has showed a positive relationship with the number of 

microplastics among the studied rivers. Meanwhile, Horton et al. (2018) suggested that 

both physiological traits of fish and environmental factors may be equally important 

in influencing ingestion of microplastics by fish. This indicated that the ingestion could 

be a result of a complex combination of different factors.  
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A better understanding of the relationships can be obtained through the 

statistical model by predicting the level of changes of microplastics based on multiple 

predictor variables. Modelling using a linear regression may not be suitable when it is 

a count data, highly skewed response variable distribution, and the mean is almost 

equal to the variance. Therefore, the selection of the appropriate statistical model is 

pertinent to represent the best description of results, able to yield an accurate analysis 

and fit the datasets. The Poisson model analysis using the generalized linear model 

function is commonly adopted to investigate the relationships among predictor 

variables and unknown parameters. This model is more appropriately applied to 

untransformed count data with the sample mean equal to the sample variance 

(Hutchinson and Holtman, 2005).  

It is well known that the generalized linear model (GLM) with Poisson 

regression has widely applied in various fields of discipline, where most of the research 

context is in biomedical research. For example, the model is extensively used to 

investigate the occurrence of several diseases and the effects of clinical treatments 

(Parodi and Bottarelli, 2006). In the environmental study, most of the research scope 

has only focused on particulate air pollution (Zou, 2004). The application of this model 

in other pollution studies such as microplastics is still lacking, notably on their 

occurrence in the environment. In the present study, besides water quality parameter, 

further analysis on the relationship with other factors such as monsoon seasons and 

physiological traits of fish have been carried out. The relationships between the 

number of microplastics from sediments and those ingested by African catfish have 

also modelled been using the generalized linear model (GLM) with Poisson regression 

method.  

1.3 Research Objectives 

The objectives of this study are as follow: 

(a) To determine the temporal abundance of microplastics in bed sediments from 

urban areas of Skudai River and Tebrau River.  
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(b) To examine the ingestion of microplastics by wild freshwater fish that inhabits 

Skudai River.  

(c) To analyse the ingestion of microplastics by African catfish, Clarias 

gariepinus from Skudai and Tebrau River.  

 (d) To statistically model the occurrence of microplastics based on monsoon 

period, water quality and physiological traits of African catfish using 

generalized linear model (GLM) with Poisson regression.  

1.4 Scope and Limitation of the Study 

The study focuses on the occurrence of microplastics in Johor urban rivers, 

particularly in Skudai River and Tebrau River. Sediments were collected for seven 

months and catfish were collected for each month throughout a year-long study. Three 

replicates of sediments were collected using box corer (Wildco) and fish was caught 

using angling with hook and line technique. As a preliminary study, casting net was 

used to examine the occurrence of microplastics in the fish community in Skudai 

River. African catfish was chosen rather than other species due to its abundance and 

availability in the studied rivers where they possibly introduced by the human via 

releasing it to river systems. The collected samples were segregated based on different 

monsoon period in Malaysia, namely northeast (November to March), southwest (May 

to September) monsoons and transitional period (April and October). The in-situ 

measurements of pH, temperature, dissolved oxygen, total dissolved solid, salinity and 

turbidity were measured in both rivers. All samples were collected at the same 

sampling site in Skudai River and Tebrau River. Both sampling sites are located in the 

urban areas of Johor Bahru that close to residential areas and industrial regions. The 

standard unit for microplastics concentration from sediment is in dry weight per 

kilogram as has been reported by numerous study. Number of fish ingested 

microplastics per total number of dissected fish were analysed as to calculate the 

incidence of microplastics ingestion. Ten per cent of a subsample was selected for 

verification of polymer types based on the European Commission suggestion. 
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The statistical analysis was conducted based on the data normality by using 

Shapiro Wilk test. If the data is normally distributed, thus parametric tests are 

performed. Conversely, the non-parametric tests are used to analyse the significant 

difference of the predictor variables. Statistical analysis and model were performed by 

using R software (Version 3.3.3). The occurrence of microplastics in the environment 

was modelled using generalised linear model (GLM) with Poisson regression to 

investigate the relationship among studied variables.   

There are also some constraints experienced while conducting the sampling 

work. The preliminary investigation of fish community in Tebrau River was carried 

out by using angling with hook and line technique instead of casting net. This is due 

to the presence of cement piling at the sampling location and the river bottom is mostly 

covered by mud patches. The collection of fish in Skudai River using casting net was 

initially approachable, however, sampling work using this technique have experienced 

difficulties due to slippery and steep slopes and vegetation along the river bank. 

Therefore, the angling with hook and line technique in both sampling sites was then 

standardised in the subsequent sampling period.  

1.5 Significance of the Study  

Based on recent information, only Amazon sailfin catfish, Pterygoplichthys 

pardalis and African catfish were reported in Skudai River and Tebrau River (Ann 

Kili, 2017; Landau, 2019). In 2018, the Johor Fisheries Department has recorded about 

61% of P. pardalis occupied in Skudai River (Landau, 2019). It shows that the 

information on fish diversity in Skudai River and Tebrau River is still scarce. Hence, 

the present study provides new status on the fish community in both studied rivers, 

particularly at the fishing spots. 

Skudai River and Tebrau River were reported as the most polluted rivers with 

a high amount of rubbish in Peninsular Malaysia (Aruna, 2014). Meanwhile sampling 

sites in this study are within a high population density and highly developed regions. 

Surrounded by urban area and mismanagement of landfill waste has caused garbage 
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pollution in rivers. It will lead to the accumulation of plastic debris in the river bank 

and subsequently degrade to smaller pieces known microplastics. Microplastics also 

released into rivers from various sources. It demonstrates that the occurrence of 

microplastics in freshwater environments needs to investigate since most of the 

particles released to the ocean. The persistence of microplastics in the environment 

based on temporal trends also warrants further work where the study can reflect the 

overall health of the river. 

Sediment is regarded as a pool of microplastics and this will affect the feeding 

behaviour of several fish species in the studied rivers. African catfish are the largest 

and abundant species in both studied rivers. This species is known as a good scavenger, 

able to consume all types of feeds. Thus African catfish has a great potential to ingest 

microplastics. African catfish is a commercial fish species, and like other commercial 

fish, microplastics in its tissue presents a potential risk to human health (Barboza et 

al., 2020). It is worthy of note that ingestion is considered the main pathway of human 

exposure to microplastic particles (Galloway, 2015; Prata et al., 2020). The ingestion 

is likely to occur and may reach the human gastrointestinal system by consuming 

contaminated food items such as seafood and commercial fish. The ingested 

microplastics could be adsorbed in the human intestine or  translocate to the circulatory 

system and may induce inflammatory responses (Prata et al., 2020). The examination 

of microplastics in this species is pertinent to serve the public about the harmful of 

these particles.  

The ingestion incidence of microplastics by African catfish against time shows 

the capability of this species as a bioindicator. As well as, the occurrence of 

microplastics in sediments and African catfish based on water quality parameter and 

monsoon seasons may also provide new insight into its abundance in the aquatic 

environments. Hence, the documentation of the occurrence of microplastics in 

freshwater sediments and commercial fish is significantly essential for the current 

issue of environmental pollution, potential impacts, and river rehabilitation planning.  
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