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Abstract. The Citarum River is one of the most polluted rivers in the 

world because of the inadequate waste management system and 

community ignorance. Plastic is one of the contaminants in the Citarum 

watershed. In general, plastics less than 5 mm in size are defined as 

microplastics. Microplastics are persistent and harm the environment. This 

article aims to determine the potential for pollution and distribution of 

microplastics in freshwater systems, especially in the Citarum watershed 

area. Using a combination of literature study methods with Geographical 

Information Systems (GIS) analysis, this article explains that microplastic 

contamination has occurred along the Citarum watershed from upstream to 

downstream, found in water and sediment and fish samples. Facilitated by 

their small size and high stability in the environment, microplastics can 

move from the aquatic environment into the food chain and cause long-

term damage. This case causes a severe threat to the quality of freshwater 

in the Citarum watershed. Therefore, this article can be used as a reference 

for managing pollution in the Citarum watershed area.  

1 Introduction 

The Citarum River is one of the most polluted rivers in the world. On the other hand, the 

Citarum River plays a vital role as raw water for Regional Drinking Water Companies 

(PDAM), supplying electricity in Java-Bali, and providing irrigation water for rice fields in 

West Java [1]. The Citarum River has been polluted by rubbish from the upstream. The 

inadequate waste management system and the community's behavior that makes the river a 

place for waste disposal and garbage are the leading causes of garbage pollution in the river 

[2]. Therefore, the government launched the Citarum Harum program. Citarum Harum is 

the Citarum River restoration program initiated by the central government in January 2018. 

Its main target is to free the Citarum River from the waste of factories, households, 

agriculture, and livestock for the next seven years [3]. Entering the Citarum Harum 

program's third year, plastic pollution in this 279 km river has not been resolved [4]. 
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Plastic litter can be degraded into micro-sized fragments, which is harmful to aquatic 

organisms. In general, plastics fewer than 5 mm in size are characterized as microplastics 

[5]. There are two types of microplastics in the environment, primary microplastic particles, 

as well as microbeads from daily domestic products (such as toothpaste and detergents) [6], 

and secondary microplastics particles such as fragmentation of larger size plastics because 

of physical and chemical degradation processes [7]. In recent years, microplastics have 

been identified in freshwater environments, such as streams [8], lakes [9], and reservoirs 

[10]. These microplastics are persistent and have long-term effects when introduced into the 

aquatic environment [6]—the smaller volume of microplastics, the higher chances of 

absorption. Ingested microplastics can cause complex negative impacts on aquatic 

organisms [11]. 

Most of the studies on microplastics focus on the marine environment, whereas the 

research focus on freshwater accounts for less than 4% of the total studies reported [12]. On 

the other hand, the abundance of microplastics in freshwater is not much different from the 

marine environment [13]. Based on this background, this article aims to analyze the 

potential risk for microplastics pollution and distribution in the freshwater system, 

especially the Citarum watershed area.  

2 Method 

This article used a descriptive research method with a quantitative approach based on 

previous studies (literature studies), e.g., journal papers and conference papers. This 

analysis is strengthened by spatial data analysis using Geographical Information Systems 

(GIS) to make factual and accurate descriptions and relationships of the observed 

phenomena. This descriptive analysis was carried out by describing the abundance of 

microplastics and their distribution in the Citarum watershed area and analyzing the 

environmental risk base on theoretical analysis due to microplastics pollution in the 

freshwater environment. 

3 Results and discussion 

3.1 Microplastics at Citarum Watershed 

The Citarum watershed is the primary watershed in West Java, which has  6,614 km2, with 

the main river having a river length of 297 km. The geographical location of the Citarum 

River is 106° 51'36 "- 107° 51 'East Longitude and 7° 19' - 6° 24'LS [14]. The Citarum 

River is used as a water supply for irrigation purposes, raw water for PDAM, and industrial 

needs. The land use around the Citarum watershed is in settlements, agriculture, and 

fisheries [1]. The Citarum watershed has three large reservoirs used to supply water for 

irrigation, fisheries, and a Hydro Power Plant (PLTA), that is Saguling Reservoir, Cirata 

Reservoir, and Jatiluhur Reservoir, which provide almost 20% of Java-Bali's electrical 

energy needs [15]. The position and role of the Citarum watershed are crucial, but this 

strategy is not followed by good land management, thus affecting the hydrological 

characteristics of the watershed [16]. 
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Fig 1. Sample Locations in The Citarum Watershed (A) Ciwalengke River (B) Jatiluhur 

Reservoir (C) Muara Gembong [17–19] 

 

A study of microplastics pollution in the Citarum watershed area (Fig. 1) shows that the 

Citarum watershed has been contaminated by microplastics from upstream to downstream 

and is found in various samples such as water samples, sediments, and fish organs because 

synthetic microplastics have buoyancy and persistence in waters [20]. Freshwater, such as 

rivers and reservoirs, are direct recipients of runoff from the city, industrial, and 

agricultural area [21]. Lots of sources can cause microplastics pollution in freshwater 

environments, as well as effluent from Wastewater Treatment Plants (WWTP) [22] and 

runoff surfaces [23]. 

Table 1. Study of Microplastics Pollution in the Citarum watershed area [17–19] 

Location 
Dominant Microplastics 

Size Sample Average Concentrations 
Shape Polymer Type 

Ciwalengke 

River 
Fiber 

Polyester and 

nylon 

50-

2000 

µm 

Water 
5.85 ± 3.28 particles per 

liter 

Sediment 

3.03 ± 1.59 microplastic 

particles per 100 g of dry 

sediments 

Jatiluhur 

Reservoir 
Fragment 

Polyethylene 

and 

polypropylene 

125-

5000 

µm 

Water 2.58 x 105 Particles per km2 

Muara 

Gembong 

Fragment 

and Fiber 

Polyethylene 

and 

polypropylene 

125-

5000 

µm 

Water 0.0574 ± 0.025 particles/m3 

Sediment 

16.666 ± 0.577 

particles/100 g of dry 

sediments 

Fish  

Gut and gill 

Tissue 

 

1.333 ± 0.577 Particles/fish 

1.111 ± 0.838 Particles/fish 

 

Ciwalengke River is located in the upper stream of the Citarum watershed, which is a 

densely populated area and a textile industrial area. Microplastics pollution in the 

Ciwalengke River area is caused by the poor management of sewage treatment from the 
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community and factories in the area [17]. This microplastics is confirmed by the dominant 

polymers found in polyester and nylon (Table 1). These polymers are widely used as raw 

material for synthetic fibers. Synthetic fibers account for about 60% of total global fiber 

production [24]. Thus, the more demand for production, the higher the level of pollution if 

not appropriately handled. 

Microplastics were also found in the Jatiluhur Reservoir (Table 1). Jatiluhur Reservoir 

is the largest reservoir in the Citarum watershed area. The Jatiluhur Reservoir can function 

as the main container for microplastics in freshwater ecosystems because microplastic 

fragments can continue to accumulate and be stored for an extended period. On the other 

hand, the reservoir can also be a source of microplastic pollutants for downstream 

watersheds [10] because of their higher microplastic content. The dominant microplastics 

found in the Jatiluhur Reservoir area are fragments from freshwater aquaculture nets [18]. 

Plastic pollution in the upstream area of the Citarum watershed will have an impact on 

water quality downstream. Muara Gembong is the downstream area of the Citarum before 

entering sea waters [25]. Microplastics contamination in Muara Gembong was detected in 

water samples, sediments, and milkfish that cultivated using water from the Citarum River 

and marine waters (Table 1). However, there is no correlation between microplastic 

concentration in water and sediment with a microplastic concentration in milkfish. 

However, the presence of microplastics in each sample originating from various points in 

the sampling area should be noted for both local government and residents [19]. 

Based on the distribution of microplastics data in the Citarum watershed area, 

microplastic pollution comes from primary microplastics and secondary microplastics. One 

of the primary microplastic pollution sources is the textile industry. So far, it can be said 

that the awareness of textile entrepreneurs about environmental conditions is still low. It 

can be seen that around the Citarum watershed, there are several textile companies whose 

industrial WWTPs are not run optimally [26], and there are also several factories that 

dispose of their waste directly into the river [27]. Meanwhile, the source of secondary 

microplastic pollution comes from the fragmentation of domestic waste. The potential for 

waste generation in the Citarum River basin is high. In Bandung City, it reaches 1,501 tons 

per day, Bandung Regency 1,105 tons per day, Cimahi City 292.91 tons per day, Karawang 

Regency 785.6 tons per day, and Bekasi City 1,500 tons per day [3]. Secondary 

microplastic pollution can also be generated by the fragmentation of freshwater fish cage 

nets cultivated in three reservoirs along the Citarum watershed [18,28]. 

3.2 Environmental Risk of Microplastics Pollutant 

Microplastics are persistent pollutants with a significant percentage in freshwater 

environments [20], which can be harmful to aquatic ecosystems. Aquatic organisms can 

accidentally eat microplastics because of the microplastics' similarity size and color with 

their natural prey [29]. Microplastic consumption has been found in a variety of aquatic 

organisms representing different trophic levels. Microplastics digested by organisms at 

lower trophic levels, like zooplankton, can overtake the food chain when eaten by 

organisms at higher trophic levels [30]. Microplastics can cause mechanical and chemical 

damage when ingested by aquatic organisms. Microplastics' consumption by organisms can 

cause mechanical damage, such as adhering to polymers, thus inhibiting mobility and 

clogging the digestive tract. Meanwhile, microplastic polymers' chemical damage to organs 

can cause inflammation, stress liver function, decrease growth rate, and impact the 

reproductive process [6].  

Plastic materials can contain various additives used in the production of plastic 

materials, including Bisphenol A (BPA) and phthalates. BPA and phthalates potentially 

affect the endocrine system of aquatic organisms, affecting mobility, reproduction, and 
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organism [31]. Another toxicity impact caused by microplastics pollution is an increase in 

chemical compounds such as persistent organic pollutants (POPs) and heavy metals [32]. 

When aquatic organisms ingest microplastics, they can cause POPs and chemicals' transfer, 

which are harmful to those organisms' metabolism. These compounds can increase the level 

of toxicity in aquatic organisms [33].  

Humans can consume microplastics through drinking water and consuming fish 

exposed to microplastics. WWTPs are inefficient to altogether remove the microplastic 

particles in treated water [34]. Thus, microplastic particles can contaminate river water, 

which is used as a source of PDAM. Microplastic compounds can have long-term effects on 

human health [35]. Microplastic particles can impact human health, with the toxicity effect 

of chemicals absorbed from the environment or additives used in the production of plastic 

materials. Based on the United Nations' research data, more than 50% of plastics are 

accompanied by harmful monomers, additives, and chemical products [36]. 

4 Conclusion 

This article includes discussing pollutant concentrations at several points along the Citarum 

watershed and the risk of pollution in the aquatic environment. Based on a literature study, 

it can be concluded that microplastic pollution has occurred along the Citarum watershed 

from upstream to downstream. Facilitated by their small size and high stability in the 

environment, microplastics can move from the aquatic environment into the food chain and 

cause long-term damage. Microplastic pollution is currently a critical environmental issue. 

Based on the research results, it is necessary to have integrated microplastic pollution 

management in the Citarum watershed by the government, private sector, and the 

community. Future research is expected to examine the same types of samples from 

upstream to downstream to obtain comprehensive data. 
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