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Abstract 

Microplastic contamination in drinking water systems is an emerging environmental 

and public health issue. This study investigated the abundance, size distribution, 

and polymer composition of microplastics across the Bedadung River water 

treatment chain, from source to consumer taps. Seven sampling points were 

established, including upstream locations, intake sites, treatment plant reservoirs, 

and tap water from two water treatment plants (Tegal Gede and Tegal Besar). 

Microplastic concentrations ranged from 49.33 to 160 particles/L, with particle sizes 

averaging 0.102–0.233 mm. Contrary to expected treatment outcomes, both plants 

demonstrated significant increases in microplastic concentrations post-treatment: 

Tegal Gede saw a 78% increase, while Tegal Besar exhibited a 140% rise. The highest 

contamination (160 particles/L) was recorded at the Tegal Besar treated water 

reservoir. These elevated microplastic levels in treated and consumer tap water 

highlight a critical gap in current water treatment processes, suggesting that material 

migration from treatment infrastructure, including plastic pipes and filtration 

components, may contribute to contamination. The predominance of fiber-type 

microplastics, mainly polyethylene terephthalate (PET), underscores the need for 

specialized microplastic removal processes and infrastructure upgrades to 

safeguard public health. 
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1. Introduction 

Microplastics are plastic particles measuring less than 5 mm [1] and have been 

detected in various rivers worldwide [2] [3], including in Indonesia [4] [5]. 

Microplastics originate from various sources, such as plastic waste degradation, 

industrial waste, and domestic activities. These particles can persist for long periods 

in the environment and could adsorb chemical pollutants, such as heavy metals and 

persistent organic compounds, which can increase their toxicity [6]. The presence of 

microplastics not only threatens aquatic ecosystems [7] but also has the potential to 

contaminate raw water sources used for drinking water [8].  

The Bedadung River is a raw water source for the Tirta Pandalungan Dam, 

which supplies drinking water to the people of Jember and the surrounding area. 

However, increasing microplastic pollution in freshwater poses a serious risk to raw 

water quality and public health. Microplastics originate from the degradation of 

plastic waste and anthropogenic activities, which can absorb hazardous pollutants 

and potentially enter the drinking water supply. The Bedadung River is a Class III 

water category, which still meets the requirements as a raw water source [9] [10]. As 

the primary source of raw water for the Regional Drinking Water Company 

(Perumdam) Tirta Pandalungan in Jember Regency, using the Tegal Gede and Tegal 

Besar Water Treatment Plants (IPA) [11] [12], regular water quality monitoring is 

necessary for pollutant parameters from domestic and agricultural activities, one of 

which is microplastics. Based on the CCME-WQI water quality index range, the 

Bedadung River was categorized as fair to marginal from 2016 to 2019 [12], while the 

NSF-WQI method categorized the Bedadung River as moderate [10]. 

The threat of microplastic pollution in the Bedadung River has become a 

serious environmental issue in recent years [13], as only around 20% of Jember 

Regency's total daily waste is properly managed, while the remainder is dumped 

and enters the river [14]. Perumdam Tirta Pandalungan in Jember also has an 

obligation to preserve the environment. Several nature conservation activities have 

been implemented to protect all water source areas [15]. Therefore, understanding 

the level of microplastic contamination in the Bedadung River can provide input for 

Perumdam Tirta Pandalungan in monitoring and evaluating the institution's 

performance. 

Several studies on microplastics in the Bedadung River, Jember, includes 

analysis of microplastic abundance in water and gastropods in the Bedadung River 

segment, Kaliwates District, Jember Regency [16], and analysis of microplastic 

content in fish in the Bedadung River, Jember, East Java [17].  Although several 

studies have identified microplastics in the Bedadung River, previous studies have 

not comprehensively mapped the distribution of microplastics along the Bedadung 
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River, particularly regarding its function as a raw water source [18] [19]. Previous 

studies have shown that microplastics can enter the drinking water supply chain 

through contaminated raw water sources [20].  Hence, this research is essential for 

determining the prevalence and characteristics—including average size, 

microplastic types, and primary polymer constituents—of microplastic pollutants 

present in the Bedadung River, which serves as the source water for the drinking 

water treatment plant. Additionally, the study assesses the clean water produced by 

the plant and the tap water supplied to customers of Perumdam Tirta Pandalungan 

Jember. 

 
2. Methods 

This research uses a quantitative approach with field observation and 

laboratory analysis. The research design consists of quantification of microplastic 

abundance and size of particles, and identification of its characteristics including 

type of microplastic and polymer material. The Grid-Based Sampling method was 

applied in this study by dividing the Bedadung River into four grids: 

a) The upstream section of the Bedadung River is a region characterized by 

limited or absent human activity. 

b) The raw water intake area affected by human activity; 

c) The area closest to the distribution point for clean water treated by the 

drinking water treatment plant; and 

d) Tap water in the service area of Perumdam Tirta Pandalungan. 

 

Water sampling was conducted at seven sampling points representing each 

grid and was repeated three times using the grab sampling method. The sampling 

was performed in triplicate to ensure the reliability of the results and to account for 

potential variability across different sampling occasions. While three repetitions are 

generally considered adequate for obtaining a reliable estimate of microplastic 

concentrations, additional sampling could further improve the robustness of the 

results, particularly in capturing temporal variations or atypical spikes in 

contamination. The procedure for water sampling in the upstream area of the river 

complies with SNI 03-7016-2004 concerning Sampling Procedures for Water Quality 

Monitoring in a River Basin. Sampling procedures for raw water intake, treated 

water from the treatment plant, and customer tap water are conducted in accordance 

with SNI 7828:2024 standards regarding Water Test Sampling for Drinking Water 

Supply Systems. 



Siti Muyasaroh, Adi Mustika, Wahyu Nur Achmadin 

Energy: Jurnal Ilmiah Ilmu-ilmu Teknik, Vol. 15 No. 2 (2025) 184 

 

 
Figure 1. Water Sampling Points 

 

Meanwhile, microplastic collection will be carried out by filtering 100 liters of 

river water using a plankton net with a mesh size of 330 µm. This mesh size was 

selected to effectively capture microplastic particles while minimizing the loss of 

smaller debris, as it strikes a balance between filtration efficiency and clogging. 

Alternative methods, such as using finer mesh sizes, were considered, but a 330 µm 

mesh was deemed optimal for ensuring that particles within the microplastic range 

(larger than 100 µm) were accurately collected without excessive filtering time or 

material loss. The filtration results will then be poured into sterile glass sample 

containers and labelled. The water samples will then be analysed using a 

stereomicroscope to identify the shape of the microplastics, measure the microplastic 

particles, and calculate the number (abundance) of microplastic particles. Fourier 

Transform Infra-Red (FTIR) analysis will be used to determine the type of 

microplastic polymer material in the water samples. Microplastic examination used 

a method developed by the National Oceanic and Atmospheric Administration 

(NOAA) Marine Debris Program [28]. Data on the abundance, size of particles, type 

of microplastic, and polymer material obtained were mapped to visualize the 

distribution of microplastics in the Bedadung River, thereby providing an overview 

of the level of microplastic pollution in the area. 
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3.Results and Discussion 

3.1 The Abundance and Average Size of Microplastic 

Sampling point 1 is located upstream in the Bedadung River, exhibits minimal 

human activity relative to the other sampling locations, with tourism being the 

primary use and experiencing increased visitation on weekends. Microscopic 

analysis revealed that samples from point 1 contained fiber-type microplastics at a 

concentration of 73.33 particles/L, averaging 0.199 mm in size. 

Sampling point 2 lies at the intake site of the Tegal Gede Water Treatment Plant 

(IPAM). The area is characterized by dense residential settlements, traditional 

markets, and several small-scale industries. Here, microplastic abundance measured 

49.33 particles/L with an average particle size of 0.104 mm. 

Sampling point 3 serves as the reservoir for potable water processed by the 

Tegal Gede Water Treatment Plant prior to distribution to PDAM Tirta Pandalungan 

customers. Microplastic concentrations at this location reached 88 particles/L, with 

an average size of 0.102 mm. 

Sampling point 4 represents the nearest residential community to the Tegal 

Gede Water Treatment Plant. Water samples collected from customer taps indicated 

a microplastic abundance of 106.67 particles/L and an average particle size of 0.15 

mm. 

At sampling point 5, the intake for the Tegal Besar Water Treatment Plant 

(IPAM), residential areas surround the site and possible household waste input into 

the river has been observed. Microplastic levels were recorded at 66.67 particles/L 

with an average particle size of 0.152 mm. 

 
Figure 2. The Abundance and Average Size of Microplastic at Each Sampling 

Point 
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Sampling point is the storage facility for treated water from the Tegal Besar 

Water Treatment Plant, designated for PDAM Tirta Pandalungan distribution. This 

site exhibited the highest microplastic concentration among the sampling points at 

160 particles/L, with an average particle size of 0.23 mm. 

Finally, Sampling point 7 refers to the closest residential area to the Tegal Besar 

Water Treatment Plant, where samples collected from customer taps showed a 

microplastic abundance of 81.33 particles/L and an average particle size of 0.233 mm. 

According to Figure 2, the highest microplastic abundance was observed at 

point 6, with 160 particles/L, whereas the lowest was at point 2, recording 49.33 

particles/L. The largest average microplastic particle size was found at point 7 (0.233 

mm or 233 μm), while the smallest was at point 3 (0.102 mm or 102 μm). A 

comparison of intake and treated water from the IPAMs in Tegal Gede and Tegal 

Besar revealed a consistent pattern: microplastic concentrations were notably higher 

in treated water than in intake water. Specifically, Tegal Gede IPAM saw a 78% 

increase in microplastic abundance following treatment, whereas Tegal Besar IPAM 

experienced a 140% increase post-treatment. 

Variations in microplastic concentrations between source and treated water 

have been reported across studies. Some investigations attribute local increases to 

releases from equipment or specific process steps, while many facilities demonstrate 

an overall reduction after treatment. For example, a supply chain study in Haikou 

identified elevated microplastic concentrations in treated water compared to raw 

water, attributing this rise to plastic piping within the distribution network [18]. 

Similarly, assessments at an advanced treatment facility noted relative increases 

(negative removal efficiency) within certain tanks, leading to particle count rises of 

2.8–16.0% at particular process stages [19]. 

Conversely, analyses of particle migration in drinking water treatment plants 

(DWTPs) indicated that processes such as sand filtration and ultrafiltration/reverse 

osmosis generally resulted in substantial concentration reductions. However, 

material migration assessments highlighted internal equipment as potential sources 

of microplastic release, possibly increasing outlet concentrations. Such releases can 

result from abrasion and leaching of plant components—including plastic pipes, 

fittings, membranes, and filtration materials—especially under conditions of 

mechanical or chemical stress during DWTP operation [20]. Additional sources of 

microplastic contamination may originate from reservoirs, storage tanks, and the 

distribution infrastructure, particularly polymer piping, which can act as secondary 

sources and elevate concentrations at end-use points even when normal plant 

operations are maintained [18] [20]. Supply chain research underscores that plastic 

pipes and fittings may release polymers (such as PE and PP), resulting in higher 

concentrations in distributed water relative to intake levels [18]. 
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Figure 3. Examination of Microplastic Particles Under Microscope 

 

3.2 The Types of Microplastic and Main Polymer Constituents 

FTIR analysis revealed that water sample point 1 contained only one type of 

microplastic: fiber composed of polyvinyl alcohol (PVA) chemically modified into 

polyester, or a blend of PVA and polyester (e.g., PET or other aliphatic-ester 

polymers). At sample point 2, two microplastic types were identified: fiber (91.89%) 

and fragments (8.11%), with polyester (most likely PET or another aliphatic 

polyester) as the primary polymer detected. Water sample point 3 yielded three 

microplastic types—fiber (84.85%), fragments (13.64%), and foam (1.52%)—with 

PET and polycaprolactone (PCL) as the main polymers. 

In water sample point 4, four microplastic forms were observed: fiber (86.25%), 

fragments (7.5%), filaments (1.25%), and films (5%). FTIR results confirmed the 

presence of various microplastic polymers in this sample. At point 5, three 

microplastic types were found—fiber (78%), fragments (18%), and films (4%)—with 

polyethylene terephthalate (PET) being predominant; there was also minor evidence 

suggesting polyurethane or isocyanate group modifications. Sample point 6 

contained fiber (90.83%), fragments (6.67%), and films (2.5%), with FTIR spectra 

indicating an aliphatic polymer (PE/PP) containing ester/ether groups, alongside 

PET. Finally, in water sample point 7, four types were present: fiber (95.08%), 

fragments (1.64%), and films (3.28%), with PET identified as the most dominant 

polymer overall. 
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Figure 4. The Percentage of Microplastic Types at Each Sampling Points 

 

Based on the results of FTIR analysis from various sampling points, it can be 

concluded that fiber is the most abundant type of microplastic across all sampling 

points. This type of fiber is primarily composed of the polymer polyethylene 

terephthalate (PET), which was also found as a major component in fragments and 

films at several locations. This finding aligns with the distribution pattern of 

microplastics in Indonesian waters, where PET is one of the most frequently 

encountered polymers due to its widespread sources, such as disposable water 

bottles and food packaging [21]. 

In addition to fiber, fragments and films were also identified, although at lower 

abundances. Other polymers detected included modified polyvinyl alcohol (PVA), 

polyethylene (PE), polypropylene (PP), polyurethane, and polycaprolactone (PCL). 

This variety of polymer types reflects the diverse sources of microplastics in the 

environment, ranging from household waste and plastic packaging to water 

distribution equipment. 

Ineffective plastic waste management in areas around rivers and urban water 

systems contributes to high levels of microplastics, particularly PET, in raw and 

treated water [23]. Furthermore, water treatment processes and distribution 

networks are also potential pathways for microplastic release, particularly in 

polymer reservoirs and pipes that experience abrasion or material migration [18] [20] 

[22]. This condition results in a tendency for microplastic content to increase in 
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treated water and customer tap water compared to intake water, as reflected in 

findings at the Tegal Gede and Tegal Besar DWTP. 

The limitations of conventional technology in removing certain fractions, 

particularly fiber, and the lack of national standards for monitoring and controlling 

microplastics present challenges to mitigation efforts. Previous studies of rivers and 

drinking water depots in Indonesia also underscore the importance of managing the 

packaging supply chain and routinely monitoring water treatment and distribution 

equipment to minimize further microplastic contamination [22] [24] [25] [26] [27]. 

 
Figure 5. An Example of FTIR Results: Microplastic Polymer Constituent of 

Fragments 

 
4. Conclusion 

This study observed an increase in microplastic concentrations following raw 

water treatment in the Bedadung River, with levels rising by 78% at Tegal Gede 

DWTP and 140% at Tegal Besar DWTP. The highest microplastic abundance was 

recorded at Tegal Besar DWTP, reaching 160 particles/L. Tap water samples also 

exhibited elevated microplastic content, potentially attributable to distribution 

piping; specifically, Tegal Gede tap water contained 106.67 particles/L, a 21% 

increase from its reservoir. Fibers, predominantly composed of PET polymer, were 

identified as the most prevalent microplastic type across all sampling locations. To 

address this issue, it is recommended that water treatment infrastructure be 

upgraded with advanced filtration technologies such as microfiltration or reverse 

osmosis, which could more effectively capture microplastic particles. Additionally, 

the use of materials with lower potential for microplastic release, such as alternative 

piping and filtration components, should be considered. Further research is needed 

to identify the specific sources of PET contamination throughout the river intake, 

treatment processes, and distribution systems. By adopting these recommendations, 
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it may be possible to reduce microplastic levels and improve the safety of drinking 

water. 
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