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Abstract 

Microplastic pollution is a pressing environmental concern with detrimental effects on aquatic ecosystems and human 
health. This study aimed to investigate microplastic contamination in a rapidly urbanizing area along a river and to examine 
the spatial distribution of microplastic abundance across the study area based on land use type. Seven sampling points were 
selected along the study site and microplastic samples were extracted using density separation and wet peroxidation (WPO) 
methods. The characteristics of the microplastic particles, including size, color, shape, and abundance, were analyzed to 
understand their properties. The results indicated that the microplastic abundance values ranged from 28.33 to 133.00 
particles/liter, with an average of 73.55 particles/liter. Small microplastic particles (SMP), with sizes ranging from 1 μm to 1 
mm, along with fragment shapes, and clear colors were predominant in the study area. A generalized additive model was 
utilized to assess the relationship between land use and microplastic abundance. The model demonstrated a significant 
influence of built-up areas on the presence of microplastics (p-value < 0.05), with an r2 value of 0.76. Residential areas near 
the river were identified as the likely primary sources of the microplastics. 
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Introduction 

The usage of plastics in daily life is inevitable. Their production and consumption have increased over the years. 
Their lightness, affordability, and multifunctionality make plastics a commonly used material for various human 
needs [1]. Geyer et al. [2] discovered that from 1950 to 2015, an estimated 60% of the cumulative plastic 
production was not appropriately managed. This may cause water pollution and potentially harms the 
environment [3,4]. 

Microplastics are small plastic pollutants with a size of 1 μm to 5 mm [5]. Their small size and light weight likely 
cause their spread in aquatic environments, eventually becoming a threat to biota through the food web. Several 
studies have discovered the presence of microplastics in the bodies of aquatic microorganisms [6-8], fish [9-12], 
coral reefs [13,14], and birds [15,16]. Furthermore, microplastics are also discovered in the human body, for 
example in the lungs [17-19] and feces [20]. Microplastics can be toxic because they can carry 
dichlorodiphenyltrichloroethane (DDT), hexachlorobenzene, and other toxic materials [21]. However, the long-
term effects of microplastics on human health remain uncertain [22].  

Microplastics are grouped into primary and secondary size microplastics [5]. Primary microplastics are plastic 
products that are produced in small sizes, while secondary microplastics originate from large plastic products 
degraded into microplastic sizes. Most microplastics originate from land runoff and eventually end up in the 
ocean through rivers [23-25]. Microplastic research in freshwater has mainly focused on abundance and 
distribution. Several studies indicated that land use highly influences the occurrence of microplastic pollution 
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[7,26], while other studies discovered that weather [28] and wastewater treatment plants [29] significantly 
influence the occurrence of microplastic pollution.  

Indonesia, a typical rapidly developing country, has a large population and is one of the world’s largest marine 
plastic contributors [30]. To date, microplastic evidence has been found in major rivers, such as the Citarum 
River [31], Surabaya River [32], Metro River [33], Brantas River [34], and Cisadane River [35]. However, most 
studies only focused on microplastic distribution and characteristics in large-scale watersheds without 
quantitatively assessing the relation with land use [32,34,35]. Therefore, information on the relation between 
microplastic and various human activities and freshwater pollution sources is still limited, which makes it difficult 
to determine proper control and prevention measures regarding microplastic issues [36]. 

Previous research has discovered that litter-related microplastics types (i.e., fragments, foam, and film) originate 
from developed and populous areas [26], while fiber-type microplastics originate from textile industrial activity 
[37]. According to these findings, human activities in the surroundings are likely to influence the type of 
microplastics present in freshwater. Understanding the relation of microplastics with land use in the 
surroundings is essential for future related policy formulation and microplastic pollution estimation.  

This study assessed small-scale freshwater to clearly understand microplastic characteristics and distribution in 
relation to land use. The objectives were: (1) to evaluate the distribution and characteristics of freshwater 
microplastics, and (2) to assess the influence of land use within the catchment area on microplastic pollution. 
This is the first assessment of the relation between microplastics in small-scale freshwater and land use in the 
Metro River, Indonesia. 

Methods 

Study Area and Sample Collection  

To ensure that the study area included a developing built-up area, we selected the Metro River as the study 
area. This river is a tributary of the Brantas River and runs through the densely populated urban center of Malang 
City in East Java, Indonesia. It is 18.2 km in length and has a catchment area of 32 km2. The area has a typical 
tropical climate and experiences a monsoonal season, with the rainy season typically running from October to 
March, while the dry season lasts from April to September. 

The region receives an average annual precipitation of 2,448 mm [38]. Seven observation points in the upstream, 
midstream, and downstream with different land use characteristics were selected (Figure 1), which meets the 
requirement of the sampling location having to be distributed with different land use types. The upstream areas 
(MT1 and MT2) were less built-up areas dominated by forest and agricultural land uses. The midstream areas 
(MT3, MT4, and MT 5) were dense built-up areas dominated by residential and commercial areas without 
agricultural activities. The downstream areas (MT6 and MT7) were dense built-up areas dominated by 
residential, commercial, and agricultural activities.  

Freshwater samples were collected in January 2022 to represent the rainy season in the study area. Rainfall 
possibly increases the microplastic transport from the surrounding area to the river. The river sampling site was 
grab sampled [25,39] for two repetitions from the river surface using a three-liter glass horizontal water sampler. 
The freshwater sample was then wet-sieved to discard the >5 mm fraction. Quality assurance was conducted 
beforehand by cleansing all the collected samples three times using distilled water. 

Laboratory Analyses 

In brief, the separation of microplastics from the water sample was performed by wet peroxidation (WPO) and 
density separation [40]. WPO was performed using a hot plate stirrer (SP88857105, Thermo Scientific, USA) at 
70° C and adding 20 mL of 0.05 mol/liter ferrous sulfate (FeSO4.7H2O) and 20 mL of 30% hydrogen peroxide 
(H2O2) to eliminate organic particles. Next, density separation was performed on the samples to obtain 
microplastic particles. At this stage, the microplastic samples were filtered with a Whatman filter paper number 
5 (diameter 125 mm, pore size 2.5 μm, Whatman, USA) and then stored in a desiccator for identification. 
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Figure 1 Observation points in the study area, Metro watershed, Malang, East Java, Indonesia. 

Characteristics and Abundance of Microplastics 

Microplastic visual observation was performed using a binocular microscope (CX23LEDRFS1, Olympus, Japan). 
We utilized an OptiLab device (OptiLab Viewer, Miconos, Indonesia) to capture images and observe the 
microplastics using the Image Raster software (Image Raster, Miconos, Indonesia). Visual observation was 
conducted to classify the microplastics based on color, size, and shape. Size was categorized into small 
microplastic particles (SMP) (1 μm to 1 mm) and large microplastic particles (LMP) (1 mm to 5 mm) [41,42], while 
shape was categorized into fragments, film, foam, fibers, and pellets [43,44]. The abundance of microplastics 
was calculated using Eq. (1), dividing the counted microplastic particles by the water sample volume in the units 
of particles/liter.  

 𝑁 =
𝑛

𝑉
        (1) 

where n is the microplastic (particles) count, V is the volume of the water sample (liter), and N is the microplastic 
abundance (particles/liter). 

Statistical Analysis 

Statistical analysis was conducted using the RStudio software to comprehend the data. The non-parametric 
Kruskal Wallis test with a probability value of 0.05 was used to compare the obtained microplastic abundance 
among locations. The Generalized Additive Model (GAM) [45] method was used to understand the influence of 
land use on the microplastic abundance distribution along the river based on a model. We used built-up area as 
land use category, summing residential and commercial areas for the GAM predictor variable. The land use data 
were obtained from the database of the Indonesian Geospatial Information Agency. Each land use was sorted 
into a separate group according to the catchment area obtained by delineating with the QGIS 3.16.16 software. 
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Results and Discussion 

Microplastic Abundance 

Microplastic contamination was discovered along all of the observation points. Microplastic abundance in the 
study area was relatively high compared to several other locations (Table 1), such as the Brantas River [34] and 
the Ciwelengke River [46] but lower than the Majime River in Japan [25], the Yellow River in China [47], and the 
Saigon River in Vietnam [37].  

Table 1 Microplastic abundance in various freshwater worldwide. 

Study area Abundance (particle/liter) References 

Metro River, Indonesia 28.33 - 133.00 This Study 
Awano River, Japan 102.00 - 146.00 [25] 
Ayaragi River, Japan 86.00 - 148.00 [25] 

Asa River, Japan 87.00 - 172.00 [25] 
Majime River, Japan 99.00 - 1,061.00 [25] 

Chin-Ling Wei River, China 2.30 - 21.05 [24] 
Yellow River, China 350.00 - 1,392.00 [47] 
West River, China 2.99 - 9.87 [48] 

Saigon River, Vietnam 172.00 - 519.00 [37] 
Ciwalengke River, Indonesia 2.57 - 9.13 [46] 

Brantas River, Indonesia 0.13 - 5.47 [34] 
Citarum River, Indonesia (2018) 0.00 - 350.00 [31] 
Citarum River, Indonesia (2020) 0.00 - 550.00 [31] 

Gallatin River, USA 0.00 - 67.50 [39] 
 

The average value of the microplastic abundance in the study area was 73.55 particles/liter. The highest 
abundance value was found midstream (MT 5) with 133.00 particles/liter, while the lowest value was found 
upstream (MT 2) with 28.33 particles/liter (Figure 2). The Kruskal Wallis test results showed a significant 
difference between the microplastic abundance upstream, midstream, and downstream of the study area (p-
value = 0.0761). This indicates that the microplastic abundance at each site was affected by the level of pollution 
and the source of pollution. This may be influenced by the percentage of built-up land near the observation 
point, making it a potential microplastic pollutant hotspot 

 

Figure 2 Microplastic abundance in the upstream (MT 1 and MT 2), midstream (MT 3, MT 4, and MT 5), 
and downstream (MT 6 and MT 7) of the study area. 
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Microplastic Characteristics 

SMP is known to dominate all the study areas (>80% of the total microplastics per location) (Figure 3), while the 
highest value was found at MT 5 (121.83 particles/liter) and the lowest value at MT 2 (27.00 particles/liter). 
Meanwhile, the highest LMP value was found at MT 3 (11.67 particles/liter), and the lowest LMP value at MT 2 
(1.33 particles/liter). The mean values of SMP and LMP were 66.29 particles/liter and 7.00 particles/liter, 
respectively. It is interesting to compare this result with previous research on the Surabaya River [49], a river 
with a characteristic and tributary similar to the Brantas River, as the study showed dominance of LMP. The gap 
in the result is most probably caused by the different sampling methods used in the study. The mesh size (> 0.3 
mm) used in the other study is unable to capture smaller microplastic particles, resulting in a result gap between 
the studies. The discovery of SMP dominance in this study is relevant to other studies with a grab sampling 
approach, such as the Yellow River [47] and the Majime River [25]. 

 

Figure 3 Comparison of the abundance of small microplastic particles (SMP) (1 μm to 1 mm) and large 
microplastic particles (LMP) (1-5 mm) in the study area. 

Pellets, soft/film, fibers, and fragments were found in the study area, with fragments as the typical microplastic 
shape in all sampling locations (78.12% of the total microplastics). Fibers (10.59%), soft/film (8.84%), and pellets 
(2.46%) respectively dominated the shape of the microplastics in the study area (Figure 4(a)). The dominance of 
fragments and soft/film indicates the high potential for anthropogenic influence in the study area, considering 
that fragments and soft/film are highly related to litter activities [26]. The abundance of fibers may be caused 
by contamination from the study area and the laboratory [50,51]. Primary microplastics from dairy products 
such as hygiene products, cosmetics, and textiles influence the abundance of pellets [52].  

  

(a) (b) 

Figure 4 Microplastic characterization in the study area based on (a) shape and (b) color. 
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Color observations indicated that clear particles dominated the microplastic pollution (67.76%). Several other 
colors were also found at the sampling location, but they were not as numerous as microplastics with a clear 
color. Consecutively, the dominant colors found in the study area after clear were black (12.11%), yellow 
(4.63%), orange (3.92%), green (3.40%), blue (2.91%), gray (2.88%), white (1.59 %), red (0.58%), and mixed 
(0.23%) (Figure 4 (b)). 

Microplastic Relation with Land Use 

We quantitatively analyzed the relationship between microplastic abundance and land use using GAM (Figure 
5). The percentage of built-up area in the surrounding area of the sample sites is referred to as Absis X, while 
the impact of the built-up area on the amount of microplastics present is represented by the Y-axis. The model 
indicated that the built-up area significantly influences the microplastic abundance (p-value < 0.05) with an r2 
value of 0.76.  

 

Figure 5 GAM model between microplastic abundance and built-up area (r2 = 0.76, p-value < 0.05).

According to our model, increasing the built-up area increases the microplastic abundance in the area. This 
discovery has implications for the study conducted in New Zealand [53], which found a correlation between 
residential areas and increased levels of microplastic concentration. Other studies, in Malaysia [54] and Bangkok 
[55], also indicated that high microplastic abundance originates from anthropogenic activities. Furthermore, the 
present study found that if the proportion of built-up area within the catchment area of the sampling point 
exceeded 68%, the concentration of microplastics was above the average level. The potential sources of 
microplastic pollution in the study area were linked to casual residential activities such as the illegal dumping of 
waste into the stream, which can potentially become litter-related microplastic point source pollution. 

Conclusion 

The focus of this study was to evaluate the distribution and characteristics of microplastics in surface water 
across a densely populated built-up area of an urban river. In comparison to previous research, this study 
discovered a comparatively greater amount of microplastic abundance, with small microplastic particles (SMP) 
being the dominant type (>80% of total microplastics per location). Fragment-shaped microplastics (78.12% of 
total microplastics), and clear-colored microplastics (67.76% of total microplastics) were ubiquitous along the 
river. According to the GAM analysis, the presence of microplastics in the region is significantly influenced by 
the expansion of the built-up area (p-value < 0.05) with an r2 value of 0.76. The microplastics found in the river 
area were likely the result of anthropogenic activities associated with residential areas in the vicinity. However, 
further investigation is necessary to determine the source of microplastic pollution in the river. 
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