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Abstract 

The Metro River flows from upstream to downstream across East Java to support several human activities such as 

household, toilets, or agriculture. The utilization of water rivers must be balanced with water quality monitoring so that 

the quality of the water can be monitored. This study aims to analyze the abundance of microplastic in the Metro River. 

Moreover, the water parameters (pH, dissolved oxygen, temperature, flow velocity) were also measured. Sampling was 

carried out at three different stations, namely station 1 representing the agricultural activity area, station 2 

representing the household activity area, and station 3 representing industrial activity. This study shows the abundance 

of microplastics in biofilm matrices and surrounding river water. The types of the microplastics are fibers, fragments, 

and films. The total abundances of microplastics in river water ranged from 0.8 - 1.61 particle.mL-1, while the biofilm 

matrices ranged from 7.4 to 9.5 particle.gram-1. The results of water quality parameters at all stations are still relatively 

good compared to quality standards. To the best of our knowledge, this study was the first study that reports the 

microplastics in the water of and inside biofilm formed on Metro River. 
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INTRODUCTION* 

Economic growth and an increase in 

population, primarily in big cities, can harm the 

environment. Environmental pollution can occur 

everywhere, including in the aquatic ecosystem. 

If directly discharged into the waters, various 

wastes from human activities such as 

households, industry, and agriculture can 

increase the concentration of pollutants and 

reduce the quality of the waters [1]. Meanwhile, 

water has a crucial role in the survival of humans, 

animals, and plants. Therefore, this problem 

requires proper handling. 

Open and flowing waters such as rivers have 

the potential to be polluted. River pollution may 

occur due to waste from various human 

activities. The presence of pollutants will change 

the river's physical, chemical, and biological 

conditions [2]. Solid waste or garbage is the 

primary pollutant material intentionally or 

unintentionally carried by runoff water into the 

watershed. One of the most common types of 

waste is plastic waste which can be degraded 

into microplastics. Although it has been seen as 

one of the substances that can become emerging 

pollutants, studies on microplastics in rivers in 
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Indonesia are rarely reported. Nevertheless, 

studies on the content of microplastics in river 

ecosystems in Indonesia are an essential part of 

managing river ecosystems [3-6]. 

Microplastic is plastic waste that has a size of 

less than 5 mm. The change of plastic waste into 

microplastics takes a long time through the 

degradation process. Therefore, microplastics in 

waters are a severe problem because of their 

persistence, harming aquatic biota. Microplastics 

have various shapes, colors, sizes and are widely 

distributed in waters worldwide [7]. Microplastic 

pollution cannot be easily removed from the 

waters because of its persistent nature. The level 

of contamination of microplastic pollution can 

impact the food chain in marine waters, ranging 

from microorganisms such as plankton, various 

species of fish, and marine mammals [8]. The use 

of rivers for various human activities allows the 

presence of contaminants in the form of 

microplastics. However, research is rarely done 

to analyze the abundance of microplastics in river 

ecosystems. 

Microplastics can be adsorbed into biofilms 

which are the dominant habitat of microbes in 

aquatic ecosystems. Microplastics in biofilms can 

be a problem in aquatic ecosystems because 

biofilms are actively involved in the food chain 

process. In this food chain process, microplastics 

in the biofilm can move and accumulate in fish 

that eat the biofilm. If humans consume these 
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fish, these microplastics can be accumulated in 

the human body. 

The Metro River is a subsidiary of the Brantas 

Watershed, which flows throughout Malang City 

and ends in Kepanjen District, Malang Regency, 

with a river length of 54.55 km. This river has 

many benefits to support various human 

activities, especially for residential residents in 

watersheds. Based on its designation, the Metro 

River is a class II water class. It means water 

designation can be used for water recreation 

infrastructure/facilities, freshwater fish 

cultivation, animal husbandry, water for irrigating 

crops, or others that require the same water 

quality as that use [9]. 

This study aims to analyze the content of 

microplastics in water and biofilms growing in the 

Metro River. This study provides essential 

knowledge to develop bioassessment technology 

for aquatic environment management. This study 

was the first that reports the microplastics in the 

water and biofilm formed on Metro River. 

MATERIAL AND METHOD 

Sampling Area  

This research was conducted in the Metro 

River, Malang City, in September 2021. Water 

and biofilm sampling was carried out at three 

different stations, each station representing an 

area of agricultural, household, and industrial 

activity. The sampling method used in this 

research is purposive sampling. A sampling at 

each station was also repeated three times. The 

sampling location of this research can be seen in 

Figure 1. 

Station 1 is the Metro River located near Tirto 

Mulyo Street, Tlogomas Village, Lowokwaru 

District. The coordinates of station 1 for sampling 

this research are 7°56'17" S and 112°35'51" E. 

This location is a watershed affected by waste 

from household and agricultural activities.  

Station 2 is the Metro River located on 

Klayatan Street, Bandungrejosari Village, Sukun 

District. The coordinates of 7°59'58" S and 

112°37'04" E were for Station 2 sampling. This 

watershed is affected by waste from household 

activities. Station 3 is the Metro River located at 

Raya Kebonagung Street, Karang Sono Village, 

Pakisaji District. The coordinates of station 3 are 

8°02'13" S and 112°36'41" E. This watershed area 

is affected by waste from household activities 

and several industrial activities. 

Sampling Procedure  

The water parameters measured in this study 

were pH, dissolved oxygen, temperature, and 

water flow velocity. Measurement of physical 

and chemical water quality parameters was 

carried out in situ. Temperature (°C) was 

measured using a digital thermometer. The pH 

was measured using a pH meter (Lutron PH-201), 

the water flow velocity (m.s-1) was measured 

using a current meter (JDC Flowatch FL-03). The 

dissolved oxygen (ppm) was measured using a 

DO meter (Lutron DO-5509) [10]. 

 

 
Figure 1. Sampling location 
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River water (16 L) was taken and filtered 

using a plankton net to 250 mL of sampling 

bottle. The filtered water was placed in a plastic 

bottle and then brought to the laboratory in a 

coolbox with a temperature of approximately 

4°C. The biofilm used in this study is a biofilm 

that grows naturally on rocks in the Metro River. 

The biofilm was removed from the rock surface 

by gently brushing the biofilm into 50 mL distilled 

water. The biofilm suspension obtained was 

collected in a plastic container and put into a 

coolbox (4°C) and then brought to the laboratory. 

Microplastic Analysis  

The biofilm suspension or river water was 

filtered using a 5 mM and 0.1 mm stainless steel 

mesh sieve to obtain microplastics. The resulting 

particles were then dried using an oven (90°C) for 

24 hours. A total of 20 mL of a solution of 0.05 M 

Fe and 30% H2O2 were added to a glass beaker 

containing the dried particles. Next, 6 g reagent 

grade NaCl was added to every 20 mL of 

suspension obtained. Then, the suspension was 

put into a density separator. The resulting 

precipitate was discarded, while the supernatant 

was used to analyze the microplastic content. 

The supernatant was filtered using Whatman 

filter paper, and then the presence of 

microplastics on the filter paper was observed 

using a microscope (Olympus BX50). 

RESULT AND DISCUSSION 

Water parameters 

Measurement of water quality parameters 

was carried out in this study included 

temperature, pH, dissolved oxygen, and flow 

velocity. These physicochemical parameters 

affect the distribution and abundance of 

microplastics in the waters. The results of 

measuring water quality parameters can be seen 

in Table 1. 

This study's water quality measurement 

suggested that the pH value at each station 

ranged from 7.5-7.6. The pH value of waters is 

influenced by temperature, dissolved oxygen, the 

biological activity of aquatic organisms, and ions. 

The biological activity of aquatic organisms such 

as respiration will increase CO2 in the waters. The 

pH will decrease due to increased H+ ions 

released into the waters [11]. 

The dissolved oxygen in this study ranged 

from 6.5-7.7 ppm. Aquatic organisms need 

dissolved oxygen for metabolic processes. 

Aerobic oxidation of organic and inorganic matter 

in waters also requires the presence of dissolved 

oxygen. The primary source of dissolved oxygen 

is diffusion from the air and photosynthetic 

products of aquatic organisms [12].  

The temperature at each station ranged from 

25-26°C. Factors that cause temperature 

differences are currents and turbulence in the 

river's upstream, middle, and downstream areas. 

The downstream area gets a high intensity of 

sunlight. The heat exchange process between 

water and air downstream is more remarkable, 

increasing temperature [13]. Water temperature 

will affect the process of plastic degradation into 

microplastics (thermal degradation). The high-

temperature value will accelerate the 

degradation process so that the abundance of 

microplastics in the waters is high [14]. However, 

plastic degradation is not only triggered by plastic 

damage as a result of high temperatures but also 

due to thermodynamic effects such as being in 

running water at a temperature of 15°C to 28°C 

[15]. 

The current velocity at each station is 

different and ranges from 0.25-0.5 m.s-1. Water 

quality in the form of current velocity affects 

spreading organisms, minerals, and dissolved 

gases in the waters [14]. Several factors affect 

river flow speed, namely water discharge, 

materials, such as stones, mud, and sand found in 

the river body [16]. The relationship between 

current velocity and the abundance of 

microplastics in the waters is unidirectional. 

Hence, if the current velocity is high, the 

abundance value of microplastics also increases 

[17]. 

Microplastics Abundance 

The identification of microplastics that was 

carried out in this study found several types of 

microplastics, namely films, fibers, fragments, 

and beads. These types of microplastics come 

from different sources and amounts. The four 

types of microplastics in this study can be seen in 

Figure 2. 

 

Table 1. The results of water quality parameter measurement 

Station pH DO (mg.L-1) Temperature (°C) Water Flow velocity (m.s-1) 

Station 1 7.5 ± 0.007 7.7 ± 1.2 25 ± 1.4 0.5 ± 0.1 

Station 2 7.5 ± 0.007 6.5 ± 0.4 25 ± 1.4 0.5 ± 0.1 

Station 3 7.6 ± 0.7 6.7 ± 0.5 26 ± 0.7 0.25 ± 0.1 
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Figure 1. Types of microplastics found in this study (A: Fragments, B: Fiber, C: Beads, D: Film) 

Microplastic films have thin and flexible 

characteristics [18]. The film was formed due to 

the degradation or pieces of plastic bags [19]. 

Microplastic fragments are the most commonly 

found in waters. The highest abundance after 

fragments is the type of film. The abundance is 

due to the low density of the film so it was easy 

to be distributed carried by the current [20].   

Fiber has a physical shape resembling a 

thread and consists of various colors such as 

black, red, and blue. Fragments have an irregular 

rectangular physical shape that originates from a 

larger piece of plastic. Fragments are found in 

several colors, namely blue, red, green, and 

brown. Black and white film type microplastics in 

the form of a plastic sheet [21]. Microplastic 

beads come from the cosmetic industry and body 

care products such as soap, shampoo, 

toothpaste, face masks [22].  

Sources of microplastic pollution at station 1 

are from household activity waste and runoff 

from agricultural activities. Microplastics fiber 

types come from clothing, cloth, raffia, plastic 

sacks, and others waste disposal from 

settlements and agriculture [23]. The Station 2 

river flow area contained plastic food packaging 

waste, crackle bags, baby diapers. The waste was 

intentionally or unintentionally entered the 

waters. Film-type microplastics have the physical 

form of thin sheets sourced from plastic bags or 

other materials made of single-use plastic [24]. 

Waste disposal at station 3 comes from 

household and various industrial activities, 

namely cigarette factories and sugar factories. 

The packaging or materials used during the 

production process at the factory can be a source 

of fragments of microplastics contaminants. 

Microplastic fragments come from jars, buckets, 

plastic bottles, pieces of irrigation pipes, and 

others from human activities [25]. 

 

Figure 2. The abundance of microplastics in water  

The abundance of microplastics in the water 

samples obtained in this study differed at each 

sampling station (Fig. 3). The abundance values 

of microplastics at each station were as follows; 

Station 1 was 0.00079 particles.mL-1, Station 2 

was 0.00158 particles.mL-1, Station 3 was 0.001 

particles.mL-1. The highest abundance of 

microplastics was at Station 2 because the 

location was influenced by waste from 

anthropogenic activities from densely populated 

settlements. The increasing human activity is 

directly proportional to the amount of waste 

produced. The existence of residential areas in 

the area around the river allows the waste from 

household activities to be directly discharged into 

the waters [26]. 

A B 
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The abundance of microplastics inside the 

biofilm materices obtained in this study was 

different at each sampling station, as shown in 

Figure 4. The abundance values of microplastics 

at each station were as follows. Station 1 has as 

many as 9.5 particles.g-1, Station 2 as many as 9.8 

particles.g-1, Station 3 as much as 9.5 particles.g-1. 

Biofilm is defined as a community of autotrophs 

and heterotrophs covered by an organic matrix 

and live on substrates in water. The biofilm-

forming microbial community consists of 

bacteria, algae, fungi [27]. 

 
Figure 3. The abundance of microplastics in biofilm 

matrices 

 
Figure 4.  Comparison of microplastic abundance in water 

and biofilm (comparisons are made in grams 

assuming 1 mL of water is equivalent to 1 g of 

water) 

In order to compare the abundance of 

microplastics in the biofilm matrix and water, the 

abundances of microplastics in the biofilm and 

river water around the biofilm were compared 

(Fig. 5). This comparison assumes that 1 mL of 

water is equivalent to 1 g of water.  The results 

showed that the abundance of microplastics in 

the biofilm was ten times higher than the 

abundance of microplastics in water at each 

sampling station. This higher number may be 

because biofilms can adsorb microplastics in 

adsorption. Because of this ability, biofilms can 

be used as biosorbents for various pollutants, 

including microplastics [28]. Biosorption can 

occur by involving physicochemical processes 

between pollutants and biofilm polymers 

through ion exchange mechanisms and 

electrostatic interactions [29]. 

This study shows that the biofilm matrix can 

withstand microplastics. This ability is also found 

in other biomass in aquatic ecosystems such as 

fish, aquatic invertebrates, and algae [30]. The 

results of this study strengthen knowledge to 

develop biofilms in eco-aquatic technology, 

especially in assessing the presence of pollutants 

in aquatic ecosystems.  

Microplastic as an emerging pollutant should 

be monitored for its existence [31]. The 

monitoring requires agents that are relatively 

easy to find in all aquatic ecosystems, which is 

biofilm is an alternative [28,32]. Further studies 

related to the presence and interaction of 

microplastics with aquatic organisms are needed 

to a better understanding of the presence and 

impact of microplastics in aquatic ecosystems, 

especially on biofilms as the predominant habitat 

of aquatic microbes [33]. The interaction of 

aquatic microbes and microplastics as emerging 

pollutants will increase opportunities to use 

microbes to manage and conserve aquatic 

ecosystems. 

CONCLUSSION 

This study was conducted to identify the 

abundance of microplastics in the Metro River, 

Malang. This study showed that river water and 

biofilm in metro rivers contain microplastics. The 

types of microplastics at all sampling stations 

consisted of fiber, fragments, films, and beads. 

The abundance of microplastics in river water 

ranged from 0.8 - 1.61 particles.mL-1 and inside 

the biofilm matrix ranged from 7.4 - 9.5 

particles.g-1. Assuming 1 mL of water is 

equivalent to 1 gram of water, the microplastic 

content in biofilm is ten times higher than in river 

water. This study showed that microplastics, 

widely seen as emerging pollutants, must receive 

attention in managing river ecosystems in 

Indonesia. 
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