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Microplastics are concerning pollutants with increasing global presence. Yet, data on their 

occurrence in Indonesian rivers, especially in Semarang, is limited. This study aimed to assess 

microplastic abundance and characteristics in Greater Semarang's Babon and East Flood Canal 

(Kanal Banjir Timur, KBT) rivers at five stations. Sampling and analysis followed Japanese 

Guidelines of Riverine Microplastic Survey. Spearman's correlation analyzed the link between 

microplastic abundance and population served by waste services. Microplastics were found in 

all stations, with the highest levels downstream, likely due to accumulation along the flow. 

Abundance varied from 1.1-9.6 particles/m3. No significant correlation between microplastic 

abundance and population was found. The most prevalent microplastic form was sheet (14-

75%), primarily sized 0.5-1 mm and black (1-60%). The main identified polymer type was 

polyethylene in sheet form, possibly originating from single-use plastic bags. These findings 

underscore the urgency of preventing waste leakage into rivers to reduce microplastic release 

into the environment. By addressing the issue of single-use plastics in hard-to-reach areas and 

improving waste management practices, we can work towards mitigating the impact of 

microplastics on the environment. 
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1. INTRODUCTION

Small plastic fragments of <5 mm in length are referred to 

as microplastics [1], which have been identified as new 

contaminants of concern. Due to their persistent and floatable 

properties serving as vehicles for the transfer of contaminants 

to aquatic organisms, microplastics have been found in various 

global ecosystems including freshwater and marine [2] thus, 

they are regarded as common marine contaminants in the 

aquatic environment [3]. When aquatic species swallow them, 

they bioaccumulate and exhibit particle or chemical toxicity, 

affecting feeding habits, development, and reproduction of an 

organism. The levels of their ecotoxicological risks vary 

depending on the species [4]. In general, microplastics can 

cause aquatic species to feel full more quickly, thus restricting 

food intake, and they interfere with the absorption of nutrients 

and energy. Moreover, mesopelagic fish after ingesting 

microplastics may find it challenging to re-enter deeper waters 

due to the buoyancy of microplastics [5]. 

Plastic waste from land is primarily found in marine 

environments, and up to 80% of marine debris comes from 

land-based sources, which are carried into oceans by natural 

streams, wind, sewage or drainage systems, and human 

negligence [6]. Indonesia has been considered as the largest 

source of plastic pollution for the world’s oceans [7]. 

Indonesia has been identified as a major producer of plastics 

on the Asian continent due to its high population and 

mismanagement of plastic waste [8]. The mismanagement of 

plastic waste may lead to a plastic leakage into the 

environment, particularly rivers. In Jakarta, the capital city of 

Indonesia, this leakage reached 9.9 g/person/day [9]. The 

residents mostly use groundwater for their water supply [10], 

so the microplastic can threat the population through drinking 

water [11, 12].  

A study on Benoa Bay, Bali, Indonesia, has found that the 

proportions of microplastics based on sizes of 0.5-1, >1, 0.3-

0.5, and <0.3 mm are 37.9, 35.7, 22.1, and 4.3%, respectively, 

while those based on shapes of fragments, foam, fiber, and 

granules were 73.19, 17.02, 6.38, and 3.40%, respectively 

[13]. They found average microplastic concentrations in the 

range of 0.38-0.61 particle/L in Surabaya’s northern coastal 

waters, while the waters of Lamong Bay were identified to 

contain both the highest and lowest concentrations of 

microplastics. According to a study that analyzed microplastic 

properties in several stations, foams were generally the most 

prevalent form of microplastics with sizes ranging 0.5-1 mm 

(48.54%) and 0.3-0.5 mm (45.48%), while polystyrene was the 

most prevalent type of polymer (58.44%) [1]. 

Semarang, the provincial government of Central Java, is the 

sixth largest city in Indonesia; thus, it has one of the biggest 
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impacts on waste. Its garbage forms an island in the Kanal 

Banjir Timur (KBT or East Flood Canal, hereafter referred to 

as, KT) estuary, located in Semarang City, and various spots 

with waste piles along the KT have been found in 2021 [14]. 

Along the KT River, up to 864±204 pieces/day of plastic litter 

were observed [15]. Plastic wastes in river waters are potential 

sources of microplastics for the waters. The first peer-

reviewed articles of identification of microplastic in seawater 

of KT estuary revealed that the abundance reached 7 

particles/10 mL [16]. A study in Semarang [17] has found that 

KT estuary contains 179.1 particles/m3 of microplastics, 

mainly consisting of fibers, fragments, films, and pellets at 

levels of 37.8, 34.1, 18.3, and 85.9 particles/m3, respectively. 

Meanwhile, in Banjir Kanal Barat (West Flood Canal) estuary, 

the microplastic level found is 79.5 particles/m3, which 

primarily consists of fibers, fragments, films, and pellets at 

levels of 20.1, 28.1, 5.4, and 25.1 particles/m3, respectively. A 

study [18] reported that the coastal village of Mangunharjo 

contains different kinds of microplastics: fiber, pieces, films, 

and pellet. Moreover, fiber showed the highest microplastic 

concentration of 5,120 particles/m3 . Substantial differences in 

the amount of microplastics in coastal areas, rivers, and 

mangroves were also found, and their average microplastic 

concentrations were in the range of 3,584-8,106.6 particles/m3. 

It should be noted that in there is no confirmation whether the 

fiber was verified to be a plastic polymer leading to possible 

overestimation. 

To the best of the authors' knowledge: (1) microplastic 

research in Semarang is mostly conducted in coastal areas, (2) 

there has been no research on microplastics in freshwater in 

Semarang, (3) there has been no investigation of the 

abundance of microplastics in Semarang rivers, (4) There is no 

research in Indonesia that links microplastic abundance and 

population, (5) there has been no study of the relationship 

between microplastic abundance and waste management in a 

watershed. In Indonesia, secondary microplastics, which result 

from deteriorated plastic waste released into the environment 

(intentionally or unintentionally), may surpass primary 

microplastics in abundance. The country's mismanaged waste, 

particularly plastic waste leakage, constitutes the largest 

source of plastic pollution in the world's oceans. This study 

adopts a waste management framework, examining the impact 

of effective waste management service coverage on reducing 

plastic leakage (including microplastics) into the environment 

and subsequently decreasing microplastic abundance in a 

watershed. Thus, this study aims to obtain preliminary 

findings regarding the abundance and characteristics of 

microplastics in river water and their relationships to the 

population density according to the level of municipal solid 

waste management services in its watershed. The study 

contributes to the scientific literature by providing new data 

and insights into the extent and characteristics of microplastics 

in Indonesian watersheds. It expands our understanding of 

microplastic pollution patterns and trends in different 

environmental settings, contributing to broader research on the 

global microplastic problem. 

2. METHODS

2.1 Study area 

This study was conducted in two watershed in the greater 

area of Semarang, Central Java, Indonesia, i.e., KT watershed 

and Babon watershed (hereafter, referred to as, BB). Mount 

Butak in Ungaran, Semarang Regency, is the upstream source 

of the BB watershed. The streams are separated 

administratively among the watersheds of the following rivers: 

Krengseng, Dombo-Sayung, and KT River. The separations 

were made to stop flooding in the city (downstream). All 

sampling locations are located in the Greater Semarang 

Area (Table 1). 

A watershed (KT watershed) that was identified as a hotspot 

of plastic pollution, primarily in its estuary, was chosen. 

Additionally, another watershed (Babon watershed), mainly in 

the upstream area, served by the municipal solid waste 

management system with varying population densities, was 

selected. The selected locations were placed in Babon River 

(BB-1 and BB-2), and three sampling points were selected in 

the KT River (KT-1-KT-3), as illustrated in Figure 1. Field 

survey and sampling were done on different day for each 

sampling location in May 2022 during the dry season. The 

study area under investigation experiences two distinct 

seasons: a dry season and a rainy season. For the purposes of 

this preliminary study, sampling was conducted exclusively 

during the dry season. This was done in order to obtain an 

accurate assessment of microplastic abundance that was not 

influenced by the particle washout due to the effects of rainfall 

in illegal waste disposal sites located in proximity to the river. 

By limiting our sampling to the dry season, we sought to 

minimize any potential confounding variables that may impact 

the accuracy and reliability of our findings. The watershed 

map was created using ArcGIS Pro with national digital 

elevation model (DEMNAS) [19]. 

Figure 1. Study area of rivers in the Greater Semarang 

Table 1. Description of sampling point 

Sampling 

Location 
Description 

BB-1 
Located in the middle of a residential area (Jl. 

Estetika Timur, Pedalangan, Banyumanik) 

BB-2 

Large rivers in the middle of densely populated 

areas (Sendangmulyo River Bridge, 

Plamongansari, Sayung) 

KT-1 

Located in an urban area of about 10 m from the 

residential area (Gemah Bridge, Kedungmundu, 

Tembalang) 

KT-2 

Residential area located in the urban of Semarang 

City, where a traditional market is available in the 

morning (Gotong Royong Bridge, Sendangguwo, 

Tembalang) 

KT-3 

Located in a densely populated area (Talang 

Londo Bridge, Jl. Lamper Tengah IX, South 

Semarang) 
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2.2 Sampling method 

 

Sampling followed the Japanese Riverine Microplastic 

Survey Guidelines using a short cone-shaped Plankton-net 

(Rigosha & Co., Ltd) with diameter and mesh size of 30 cm 

and 0.3 mm, respectively [20]. Sampling, which was done in 

three replicates, was by descending directly into the middle of 

a river the net using a stick or rope for 10 min. The river flow 

velocity was measured using a mechanical flowmeter (General 

Oceanics, Inc.). To avoid contamination with other particles 

on a riverbed, all parts of the sampling net were submerged 

near the surface of the river. The net was removed and organic 

materials (e.g., leaves) with sizes of >5 mm were separated. 

The sampling net was washed with deionized water until it was 

clean. Samples were transferred to glass jars, which were then 

immediately closed and stored at 4℃ until analysis.  

 

2.3 Microplastic isolation method 

 

The collected samples were analyzed in the water 

laboratory, Department of Environmental Engineering, 

Diponegoro University, Semarang, in accordance with the 

Japanese guidelines. To prevent contamination, we used 

powder-free nitrile gloves and cotton laboratory coat. The 

working bench was cleaned before and after isolation. The 

isolation steps included filtration with a 0.3 mm nylon filter, 

removal of contaminations with sizes >5 mm using tweezers, 

and rinsing with deionized water. A filtrate was transferred to 

a vacuum pump for further filtration using a 0.1 mm nylon 

filter cloth. The resulting filtrate was transferred to a glass cup 

and dried in an oven at 60℃. For oxidation treatment, a dry 

sample was added to 100 mL of 30% H2O2 solution, and the 

mixture was covered with aluminum foil and heated for 3 days 

at 55℃.  

When 3 days was not sufficient to complete the reaction, 

100 mL of 30% H2O2 solution is added again, and the sample 

was heated for 1 day. For microplastic candidate separation, 

an inactive solution was filtered using a vacuum pump. A 

sample and appropriate amount of 5.3 M Sodium iodide 

solution were transferred to a glass funnel. The top of the 

funnel was covered with a watch glass prior, and the sample 

mixture was kept for 3 h. Once separation between solution 

and sample occurred, the sample was rinsed with filtered 

deionized water. The rinsed sample was vacuumed filtered 

using a 0.1 mm nylon filter, and the microplastic sample was 

transferred to a petri dish for selection of microplastic 

candidate particles. The microplastic samples were visually 

observed, and the microplastic candidate particles were 

separated and transferred to an individual capsule storage 

using metal tweezers [21]. Candidate particles were observed 

under a stereo microscope (Olympus SZ61) to measure their 

lengths and widths and were classified based on their shapes, 

sizes, and colors. Microplastic samples were analyzed by 

attenuated total reflection (ATR) Fourier transform infrared 

(FT-IR) spectroscopy (PerkinElmer UATR Spectrum Two) to 

determine their polymer composition. We analyzed 99.5% 

plastic particle candidate (total N = 217) found in all samples. 

Each analysis comprised of 32 scans with a spectrum range 

from 4000 to 400 cm-1 at resolution of 8 cm-1. The ATR spectra 

were analyzed using PerkinElmer Spectrum IR 10.6.1 

software and the highest search score (>0.80) was used to 

confirm the polymer type.  

To minimize the potential for filter contamination, any 

particle spectra that matched exactly with that of the nylon 

filter were removed from the analysis. Additionally, several 

precautionary measures were implemented to prevent 

contamination, including the use of cotton lab coats and nitrile 

gloves, thorough cleaning of the workbench prior to and after 

use, and immediate sealing of sample containers after 

handling. Furthermore, a laminar flow cabinet was utilized 

during the wet-peroxidation method to maintain a clean 

working environment. These measures were implemented to 

ensure the accuracy and reliability of the results obtained in 

our analysis of microplastics in the samples. 

 

2.4 Analysis methods 

 

The abundance of microplastics at the study site was 

calculated by Eq. (1). 

 

𝐾 =
n

𝑉
 (1) 

 

where, K, n, and V are the abundance of microplastics 

(particles/m3), number of particles (particles), and volume of 

water (m3). The volume of water was calculated by Eq. (2). 

 

𝑉 = 𝐷 × 𝑣 × 𝑡 (2) 

 

where, D, v, and t are the cross-sectional area of the trawl 

mouth opening (m2), v is an average speed of current (m/s), 

and time (s). 

The obtained data were analyzed descriptively by statistics 

using the mean value and standard deviation (represented by 

error bars) from triplicate analysis. The association between 

microplastic abundances and the population served by 

municipal solid waste management (MSWM) were analyzed 

using Spearman’s correlation with a significant level of <0.05 

because the data were not normally distributed according to 

Saphiro-Wilk test. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Microplastic abundances and waste service coverage 

 

The abundances of microplastics found from all sites are 

summarized in Figure 2, suggesting microplastic 

contamination in the urban waters of rivers in Greater 

Semarang. The variations in the abundances ranging 1.1-9.6 

particles/m3 are relatively high. In Indonesia, the abundance of 

microplastics has been found to be higher in the Greater 

Semarang River than in the Metro River in East Java [22], and 

the abundance is lower in Greater Semarang River than in the 

Ganges River in India [23]. Figure 2 shows microplastic 

abundance and population densities that are served by 

municipal solid waste management (MSWM) at sites in the 

Greater Semarang Area. The results of the correlation analysis 

showed p-values of >0.05, indicating the insignificant 

correlations between microplastic abundances and waste 

services in the areas studied. KT-3, which is located 

downstream of the river, showed a higher abundance of 

microplastics (9.6 particles/m3) compared with the other 

stations, which was likely caused by accumulation of 

anthropogenic waste from its densely populated settlements. It 

should be noted that the residents in Semarang City is 

permanent resident. 
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Figure 2. The microplastic abundances (particles/m3) and 

population served by municipal solid waste management, 

MSWM (per km2) 

It is worth noting that the population of Semarang City is 

predominantly composed of permanent residents. This 

demographic characteristic is an important factor to consider 

in the context of our study, as it may impact the overall 

quantity and distribution of microplastics within the 

watershed. By acknowledging the permanent nature of the 

local population, we aim to provide a more comprehensive 

understanding of the potential sources and pathways of 

microplastic pollution in the area. 

Through our sampling efforts, we were able to identify 

microplastics that may have originated from direct dumping of 

waste into the river. However, it should be noted that more 

sampling campaigns are needed to strengthen the evidence in 

the near future studies. The presence of these microplastics 

highlights the potential impact of improper waste disposal 

practices on aquatic ecosystems, and underscores the need for 

effective waste management strategies to prevent further 

pollution of our natural waterways. 

Human activity is directly proportional to the amount of 

waste produced, and human settlements around the river 

facilitate the direct disposal of their wastes into the river. The 

percentage of the population served by municipal solid waste 

management services (MSWM) is relatively high (85%) in 

KT-3 sub-watershed area; however, it has a high abundance of 

microplastics. Meanwhile, BB-1 which has the highest 

coverage of waste management service (90%) exhibited a low 

microplastic abundance. Thus, the distribution of 

microplastics is influenced not only by waste service but also 

by hydrological conditions such as river discharges, rainfall, 

and riverbank vegetation. Low microplastic abundance is 

generally caused by long immersion times and high flow rates 

of the river [24]. Meanwhile, microplastic concentrations are 

high in areas exposed often to currents [25]. In addition, 

Wessel et al. [26] have suggested that areas with high 

population activities tend to have higher microplastic 

abundances. 

Globally, the abundance of MPs exhibited a range of ten 

orders of magnitude (10-3-106 particles/m3) among the various 

water samples [27]. Multiple studies have demonstrated that 

the utilization of a plankton net with a mesh size of 333 μm for 

sampling purposes has been associated with a decreased 

presence of microplastics [27]. Nevertheless, opting for the 

trawling method, as opposed to collecting bulk samples, 

enables the collection of significantly larger sample volumes 

[28]. Consequently, in this study, we employed a plankton net 

with a mesh size of 300 μm and proceeded to compare 

microplastic abundances with those reported in other regions. 

In the Saigon River, Vietnam, microplastics were identified 

slightly higher at concentrations ranging from 10 to 223 

particles/m3. In other regions, our findings showed 

microplastic abundances that were roughly within the same 

order of magnitude, provided that the trawling mesh size was 

approximately similar, or instance, in Swiss Rivers (7 

particles/m3) [29], Los Angeles (<1 - 153 particles/m3) [30], 

Rhine River (4.96 particles/m3) [31]. These findings 

underscore the significant influence of sampling methods and 

strategies on microplastic detection. Notably, in developed 

countries, microplastic levels were found to be comparable to 

those in developing countries, particularly when the particle 

sizes were similar. 

3.2 Shapes, colors, and sizes of microplastics 

Figure 3 summarizes the microplastic shapes found. The 

results show that the microplastic shapes found in the rivers of 

Greater Semarang are more diverse than those found in the 

rivers of Brantas and East Java, which contained only fibers, 

films, and pellets [32], whereas its rivers contained fragments, 

films, foam, beads, and fibers. Figure 3 shows representative 

microscopic images of the five microplastic shapes. 

The microplastics found in the rivers of Greater Semarang 

showed certain shapes, features, and characteristics. The 

shapes of fragments that are derived from large plastic pieces 

are rectangular and irregular [33]. Beads have irregular shapes, 

which are primarily generated from body care products. The 

foams are generally white and round and are floating 

microplastic particles. However, in this study, we found the 

foam was already irregular shapes and slightly black. At all 

stations, sheets comprised a greater proportion of the 

microplastics found, accounting for 14%-75% of total 

microplastics (Figure 4a). BB-1, BB-2, KT-2, and KT-3 

showed sheet compositions of ≥25%, which are likely from 

secondary sources (e.g., degradation of plastic bags used in 

daily activities) [34]. The amount of microplastic fragments is 

quite high, accounting for 29%-67%, which is likely from a 

secondary source caused by the fragmentation of mesoplastics. 

In addition, microplastic fragments have been found to 

originate from cosmetic products [35]. Meanwhile, the fiber 

proportion ranging for 6%-29% which may originate from 

laundry wastewater or fishing rope. Among all the 

microplastic shapes, foam was the smallest contributor, and it 

was found only in KT-1 and KT-2 with proportions ranging 

6%-14%. Foam is usually used in thermal insulation, 

packaging or packing, and manufacturing products [26]. Beads 

are the primary microplastics, because their particle formation 

mechanism is made intentionally and specifically to create 

certain sizes for specific purposes in industrial and domestic 

operations. Meanwhile, fragments, sheets, fibers, and foams 

are the secondary microplastics, because their formation 

mechanisms are not designed for a specific purpose; thus, they 

are formed by the degradation of plastic products by sunlight 

and erosive actions of wind and water flow [16]. 

We classified microplastics found in our study area based 

on their sizes: 0.1-0.5, 0.5-1, and 1-5 mm (Figure 4b). The 0.5-

1 mm microplastic size range showed the largest proportion 

(3%-67% of the total microplastics) among the other size 

ranges, and it was followed consecutively by 0.1-0.5 mm (7%-

67%) and 1-5 mm (20%-57%) (Figure 4b). Small size of 

microplastics is caused by the process of degradation of large 

fragments into smaller ones due to exposure to abiotic factors 

such as ultraviolet (UV) light, heat, mechanical and/or 
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chemical abrasion [36]. The distribution and transit of 

microplatics in the environment are significantly influenced by 

their different sizes (Table 2).  

Our methods can reveal the abundance for microplastic size 

of 0.17 mm (yellow beads). However, FTIR could not detect 

the polymer spectrum due to small size and may need other 

methods to detect. Microplastics degraded into small particles 

can serve as carriers of other pollutants, and when consumed 

by aquatic organisms, they can cause severe impacts [37]. 

Table 2. Sub-watershed characteristics based on the population served by the waste management services 

Sampling 

Location 
District 

Watershed 

Area (km2) 

Population 

Density 

(Per km2) 

Proportion 

Served by 

MSWM 

Population 

Served 

Total Per 

Sub-

Watershed 

Population 

Density 

Served 

(Per km2) 

Microplastic 

Abundance 

(Particles/m3) 

BB-1 

Banyumanik 0.4 4776.90 100%1) 1,846 

12,600 4,069 3.1 
Gajah Mungkur 0.1 6018.11 100%1) 628 

Gunung Pati 0.3 1682.17 38%1) 217 

Tembalang 2.3 4805.74 91%1) 9,909 

BB-2 

Banyumanik 2.0 4776.90 100%1) 9,550 

119,311 1,535 1.2 

Bergas 13.3 1603.79 25%2) 5,322 

Gajah Mungkur 0.1 6018.11 100%1) 628 

Gunung Pati 5.7 1682.17 38%1) 3,654 

Mranggen 20.5 2433.15 35%3) 17,497 

Tembalang 16.6 4805.74 91%1) 72,394 

Ungaran Timur 19.6 2099.60 25%2) 10,266 

KT-1 

Gajah Mungkur 1.7 6018.11 100%1) 10,504 

57,000 3,682 1.1 Mranggen 3.9 2433.15 35%3) 3,284 

Tembalang 9.9 4805.74 91%1) 43,212 

KT-2 

Gajah Mungkur 1.7 6018.11 100%1) 10,504 

62,444 3,736 3.9 
Mranggen 3.9 2433.15 35%3) 3,284 

Pedurungan 0.0 9149.89 76%1) 147 

Tembalang 11.1 4805.74 91%1) 48,510 

KT-3 

Gajah Mungkur 1.7 6018.11 100%1) 10,504 

64,702 3,755 9.6 
Mranggen 3.9 2433.15 35%3) 3,284 

Pedurungan 0.0 9149.89 76%1) 147 

Tembalang 11.6 4805.74 91%1) 50,768 
(1) Obtained from COWI [38]; (2) Estimated using ratio of solid waste generated [39] and transported [40]. The density was obtained from Damanhuri and Padmi

[41]; (3) Estimated using ratio of solid waste generated and transported [42]. 

(a) fragment

(b) sheet (c) foam

(d) beads (e) fibers

Figure 3. Representative microscopic images of typical 

microplastics obtained from the urban waters of Greater 

Semarang River 

Microplastics with <0.5 mm sizes were difficult to extract 

fully and monitor. The microplastic sizes may also affect the 

microplastic abundance in the environment. The considered 

color categories of microplastics found in the rivers of Greater 

Semarang are black, yellow, white, transparent, blue, purple, 

and mixed (Figure 4c), indicating the various sources of the 

microplastics. The most dominant color is black (1%-60% of 

the total microplastics) in all stations, followed by yellow 

(33%-51%), transparent (9%-50%), white (1%-33%), mixed 

(7%-36%), blue (18%-24%), and purple (about 1%). The black 

color is possibly caused by the original color of a plastic before 

degradation or the absorption by microplastics of many 

pollutants and other organic materials.  

It is possible that black microplastics may be more common 

in certain environments because black plastic is more likely to 

absorb light. The black plastic bag is common color of single-

use plastic bag in Indonesia, particularly for middle-low 

income population Additionally, black plastic may be more 

likely to be mistaken for food by marine animals, leading to 

greater ingestion of this type of plastic, increasing the chance 

of microplastic entering the human food chain. Color of a 

microplastic can fade, wear out, or turn white due to heat, light, 

and standing water; thus, white microplastics are common and 

can be found in high proportions [43]. 

3.3 Polymer identification in microplastics 

Based on the FT-IR measurements, several types of 

microplastic polymers including polyamide (PA), 

3739



polypropylene (PP), polyethylene (PE), and polystyrene (PS) 

polymers were found, and they are summarized in Figure 5. 

The proportions of PE, PA, PS, and PP are 69%, 24%, 5%, and 

2%, respectively, in the microplastics. The prevalence of PE 

in this study is in agreement with the finding of majority 

polymer of plastic debris in the KT River [15]. 

(a) shape

(b) size

(c) color

Figure 4. Percentage of microplastic concentration found in 

the urban waters of Greater Semarang River 

PE is a dominant polymer in body care products; thus, the 

proportion of this polymer is high compared with the other 

polymers. PE can be found in all body care products because 

these polymers have the ability to dissolve solids or increase 

oil viscosity in a product [44]. Moreover, PEs are sourced from 

single-use plastic bags, shampoo bottles, toys, and plastic 

bottles, whereas PEs are from various packaging (e.g., food), 

straws, bottle caps, ropes, and carpets [45]. 

PA, also known as nylon, is used in textiles, fishing nets, 

and industrial applications. It can release toxic additives and 

monomers during breakdown, potentially affecting aquatic life 

[46]. The presence of PA microplastics indicates contributions 

from textile [47] and fishing gear [48]. The textile may come 

from the domestic wastewater (clothes washing) directly 

discharge into the river. PS is used in packaging materials, 

disposable cutlery, and foam products. It can break down into 

smaller fragments [49], which can be mistaken for food by 

marine organisms. Ingestion of PS microplastics can harm 

marine life and potentially enter the food chain [49]. The 

abundance of PS microplastics suggests inadequate waste 

management practices, including poor disposal of single-use 

items. PP is found in various products like food containers, 

straws, and textiles. It is relatively lightweight and can easily 

become airborne, contributing to microplastic pollution in 

terrestrial and aquatic environments. PP microplastics can 

adsorb toxic chemicals from the surrounding environment, 

leading to potential impacts on organisms that ingest them [50]. 

Figure 5. Typical FT-IR spectra of microplastics selected 

randomly from the urban waters of Greater Semarang River 

and their percentage contributions 

The prevalent color of polyethylene (PE) microplastics in 

this study was black, which is a common color used in the 

production of single-use plastic bags in Indonesia due to their 

low cost. Environmental awareness has been shown to exist in 

Indonesia, as reported by a previous study [51]. However, this 

study did not report on the economic and educational levels of 

the respondents. Despite the implementation of the plastic bag 

levy and conversion to reusable bags, the leakage of plastic 

bags into the environment remains a significant concern, 

particularly in Semarang, as noted by Sarminingsih et al. [15]. 

Over time, plastic waste undergoes degradation processes like 

oxidation, photodegradation, and hydrolysis, breaking down 

into microplastics [52]. The presence of abundant 

microplastics in this environment has been observed to 

negatively impact the ecosystem [53, 54]. The impact of 

plastic pollution on human health remains a subject of debate 

[55, 56]. However, alarming discoveries of microplastic 

particles in various human body parts, such as blood [57], 

lungs [58], placenta [59], and breast milk [60], cannot be 

ignored. This indicates that plastic has entered the human food 

chain [61], and even the air we breathe [62], capable of 

reaching human tissues. Therefore, it is necessary to educate 

the community about the benefits of sustainable waste 

management, including the economic advantages of recycling 

plastic waste. To achieve sustainable waste management, 

financial support and community participation should be 

increased [63]. 

4. CONCLUSIONS

Urban waters in the rivers of Greater Semarang Area are 
found to be polluted by microplastics. The most downstream 
point of KT River showed the highest abundance of 
microplastics among all the identified sampling stations. The 
microplastic abundance in Greater Semarang Area were similar 
to Swiss River and Rhine River with the similar sampling 
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methods. In all stations, the shapes of fragments, sheets, foam, 

beads, and fibers for microplastics are observed, and the most 

dominant microplastic size range is 0.5-1 mm. The colors of 

the microplastics include black, yellow, white, transparent, 

blue, purple, and mixed, and the types of microplastic 

polymers are PE, PA, PS, and PP. The ATR-FTIR spectra 

show that PE was the highest type of polymer that may be 

associated with the single-use plastic bags, emphasizing that 

black plastic sheet was also dominated. Different polymers 

have varying degrees of persistence and potential to adsorb 

pollutants, which affects their potential impacts on both 

ecosystems and human health. In terms of health, these 

microplastics can enter the food chain when ingested by 

aquatic organisms, potentially reaching humans through 

seafood consumption. The long-term health effects of 

consuming microplastics are still being studied, but there are 

concerns about the potential transfer of toxic substances 

associated with plastics to humans. 

It is imperative to acknowledge that further research is 

necessary to comprehend the full extent of the potential health 

risks associated with microplastics and to identify the optimal 

measures to mitigate these risks. However, in the interim, it is 

crucial to take action to minimize the amount of plastic that is 

released into the environment to reduce the overall abundance 

of microplastics. Urgent measures must be taken to develop 

effective and sustainable waste management strategies to 

reduce the discharge of microplastics into the environment. 

The strategy should involve a combination of plastic 

reduction, improved waste management infrastructure, 

regulatory measures, and continuous research and monitoring. 

Addressing these strategies' challenges requires a 

collaborative effort involving governments, industries, 

communities, and scientific experts to safeguard the health of 

aquatic ecosystems and the overall environment. This research 

contributes evidence that the plastic reduction, mainly single-

use plastic bag reduction in supermarket and minimarket, is 

not enough to reduce the microplastic abundance.  

Although the current municipal solid waste management 

(MSWM) practices may help to minimize plastic leakage into 

rivers, the insignificant Spearman's correlation found in this 

study underscores the need for further research to verify these 

results. Therefore, it is crucial to undertake additional research 

to improve our understanding of the impact of existing 

MSWM practices and to identify ways to further reduce plastic 

waste leakage. 
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