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Abstract  This study investigated the classification of plastic waste collected
through community-based river cleanup initiatives and evaluates its implications for
restoring water quality. River pollution in Indonesia poses an escalating environmental
challenge, primarily driven by increased human activity and the mismanagement of
solid waste. This research integrates citizen science via the BrantaSae platform and the
collaborative efforts of the RIVER research group to actively involve local communities
in cleanup programs. Employing a participatory approach, the initiative included
cleanup campaigns, educational outreach, and waste-sorting activities. Digital tools
were used to report and monitor waste, while local coordinators played a central
role in maintaining community engagement throughout the process. Plastic waste
collected from three strategic sites was categorized by type, polymer composition,
and functional use. The findings indicate that plastic was the most prevalent
waste material, with low-density polyethylene (LDPE) as the dominant polymer and
plastic bags as the most frequently encountered item. These results underscore the
significant impact of everyday consumer behavior on river pollution and emphasize
the need for targeted waste reduction, enhanced recycling infrastructure, and broader
public awareness. This study illustrates how structured, community-driven actions,
when supported by digital mapping technologies, can contribute meaningfully to

sustainable river ecosystem management and the restoration of water quality.

1. INTRODUCTION

The condition of rivers in Indonesia — particularly in
Malang City — raises significant environmental concerns
due to persistent challenges in water resource management
and river ecosystem conservation. A critical issue
compromising river health is the uncontrolled disposal of
waste into waterways (Buwono et al., 2022). This practice,
carried out by both community groups and industrial
actors, severely degrades river ecosystems by contributing
to extensive pollution. The accumulation of waste in rivers
deteriorates water quality, intensifies sedimentation, and
can obstruct water flow. Among various pollutants, plastic
waste is especially problematic due to its persistence in
aquatic environments, where it poses threats to aquatic
life and diminishes the visual and ecological integrity of
riverine landscapes. Inadequate waste management efforts
further endanger river ecosystems and may result in serious

consequences for communities that depend on river water
for their daily needs.

Raising public awareness about the dangers of
littering and enforcing regulations against such practices
are essential steps toward mitigating river pollution.
Strategic measures include effective educational campaigns,
active community participation in river cleanup efforts,
and the development of sustainable waste management
infrastructure (Angriani et al., 2018). One promising
approach is citizen science, which refers to a research
methodology that involves public participation in scientific
research and environmental monitoring. Over the past three
decades, citizen science has grown exponentially in both
scope and impact (Follett & Strezov, 2015; Kullenberg &
Kasperowski, 2016; Shirk et al., 2012; Zhang et al., 2023).
In citizen science initiatives, individuals typically engage
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in data collection, analysis, or interpretation, supporting
researchers in gathering information across broader
geographic and temporal scales. This participatory
model has proven effective in advancing environmental
protection by generating scientific knowledge, informing
policy, and encouraging civic action (Bonney et al.,
2016; Burgess et al., 2017). Citizen engagement in
such efforts may involve diverse activities, including
environmental monitoring, biodiversity mapping, and water
quality assessment (Capdevila et al., 2020; D’Alessio et
al., 2021; Ramirez et al., 2023). Thanks to modern
digital technologies—such as smartphone applications and
online platforms—participants can contribute meaningfully
to scientific projects without requiring formal scientific
training (Scardino et al., 2022).

BrantaSae is an innovative web-based mapping
application developed by the Department of Water
Resources  Engineering,  Faculty of Engineering,
Universitas Brawijaya (Departemen Teknik Pengairan,
2021). The name BrantaSae stands for Brantas Basin
System of Assessment and Environmental Research.
This platform is designed to facilitate the exchange of
knowledge and coordinate activities aimed at improving
water quality within the Brantas Watershed. Given the
unique geographical characteristics and complex social
dynamics of the Brantas watershed (Fadhilah & Haribowo,
2023; Haribowo et al., 2023), local communities have
actively engaged in various environmental improvement
efforts. However, many of these initiatives remain
undocumented. BrantaSae specifically aims to identify
and examine actions undertaken by individuals and
communities related to both water quantity and quality
in the Brantas region. The concept behind BrantaSae was
inspired by the success of its sister platform, ClimateScan,
which has cataloged more than 5,000 international climate
adaptation efforts.  ClimateScan has demonstrated its
effectiveness in numerous international workshops and
has addressed the needs of a wide range of stakeholders
(Boogaard et al., 2017; Restemeyer & Boogaard, 2020).
Building on these proven concepts, BrantaSae adapts
and localizes this approach, offering a valuable tool
for documenting grassroots initiatives and developing
sustainable strategies to address water quality challenges
in the Brantas watershed.

In addition to addressing the challenges of water
pollution, sedimentation, and water quality degradation,
prioritizing litter management is essential for achieving
sustainable river conservation and management in Malang
City and its surrounding areas. A collaborative approach
involving government, communities, and the private sector
is expected to foster holistic solutions that ensure the long-
term sustainability of river ecosystems.

The Water Resources Engineering Department, Faculty
of Engineering, Universitas Brawijaya, seeks to make
tangible contributions to the advancement of water resource
science and technology, particularly through community
service initiatives. One such effort is led by the
Water Quality and Environment Research (RIVER) group,

an integral part of the department. The RIVER
team focuses on the understanding, monitoring, and
preservation of river ecosystems and actively engages
in river cleanup efforts. The term “RIVERlution”, a
combination of “RIVER” and “Revolution,” reflects the
group’s commitment to transforming river stewardship
beyond academic research through meaningful, sustained
contributions to environmental preservation and restoration.

Based on this commitment, the group’s community
service initiative aims to facilitate public participation
in river cleanup movements, enhance water quality
conservation, and promote the sustainability of river
ecosystems within the Brantas watershed. It also
seeks to generate insights and recommendations for the
development of sustainable waste management strategies in
Malang City and nearby regions.

Beyond its practical impact, this study contributes
to scientific advancement by introducing a structured
method for classifying plastic waste based on community-
collected data—an approach that remains underexplored
within the Indonesian citizen science literature. Moreover,
it strengthens community engagement practices by
illustrating how digital platforms like BrantaSae can be
effectively integrated with grassroots environmental actions
to support education and data-driven waste management.
This paper presents a detailed classification of plastic waste
by type, polymer, and function within a community-based
cleanup initiative, offering a rarely documented citizen
science model in the Indonesian context. The integration of
the BrantaSae platform with the RIVER group’s initiatives
provides a practical framework for combining community
participation with scientific methodologies to advance
environmental education and water quality restoration.

2. METHOD

The implementation of this community service initiative
followed a series of structured steps. To encourage
community participation, the BrantaSae platform was
employed as a forum for collecting information on river
conditions.  An initial review of the data available
on BrantaSae was conducted to gain a comprehensive
understanding of the problems and challenges affecting
the Brantas River. Based on this assessment, the team
identified strategic locations for river cleanup activities,
with site selection guided by critical factors such as
pollution levels and site accessibility. The implementation
team consisted of lecturers and researchers from the RIVER
research group, student volunteers, and local residents.
This collaborative structure ensured both the effective
execution of technical tasks and the active involvement
of the community throughout the cleanup and reporting
process.

Preparations for the river cleanup involved two
main components.  First, equipment for the physical
cleanup was assembled, including cleaning tools, waste
containers, and personal protective gear. Second,
instruments for water quality analysis were prepared
to support environmental assessment activities (Fadhilah
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& Haribowo, 2023; Haribowo et al., 2023). These
two components complemented each other, ensuring the
efficient implementation of the cleanup efforts and the
accurate collection of water quality data.

The river cleanup activities were implemented
comprehensively, with active community participation in
both the waste collection and sorting processes. Upon
completion of waste collection, sorting was conducted as a
critical step toward sustainable waste management.

The initial sorting phase involved categorizing waste
into three broad groups: plastic, organic, and other. The
plastic category included all types of plastic materials, the
organic category comprised biodegradable substances, and
the "other" category encompassed materials not classified
in the previous two groups.

In the second phase, the plastic waste was subjected
to more detailed sorting based on polymer type. The
plastics were classified into seven categories: low-density
polyethylene (LDPE), high-density polyethylene (HDPE),
polyethylene terephthalate (PET), polypropylene (PP),
polystyrene (PS), polyvinyl chloride (PVC), and other
plastics (Sartain et al., 2021).

In the classification of plastic types, examples of LDPE
included plastic bags and wrappers; HDPE encompassed
detergent or soap bottles, non-beverage bottles, and plastic
toys. PET included beverage bottles and cooking oil
containers. PP was represented by snack packaging, straws,
sauce bottles, bottle caps, and diapers. PS covered items
such as Styrofoam, plastic utensils, and cups for hot
beverages. PVC was primarily found in plastic pipes. The
"other" category included eyeglasses and miscellaneous
non-plastic items. This categorization enabled each plastic
type to be processed through the most appropriate and
effective recycling methods.

The third stage of sorting focused on the function
of each plastic item. Plastics previously categorized by
polymer were further classified based on their specific
uses, such as food containers, beverage packaging, soap
or detergent products, and miscellaneous items. This
multilevel sorting process promoted a more refined and
recycling-oriented waste management system, thereby
contributing positively to environmental sustainability.

The final step in the implementation process involved

Selection of

Community locations for
participation planned river
through clean-up

"BrantaSae" activities

reporting. The results and key findings from the
cleanup activities were transparently communicated to
relevant stakeholders and the broader public to foster
increased awareness and encourage continued community
participation in maintaining river cleanliness (Figure 1).

3. RESULT AND DISCUSSION

3.1 BrantaSae Project Scan

A scan of the BrantaSae website conducted on
December 12, 2023, identified a total of 655 citizen science
projects across various thematic categories (Figure 2).
These projects include seven initiatives focused on water
quality improvement, 126 related to domestic wastewater
treatment, and ten addressing pollution from agriculture
(seven projects) and livestock (three projects). Additionally,
16 projects focus on industrial wastewater management, and
150 are dedicated to solid waste management.

Other notable categories include 28 river care group
projects and four projects linked to formal education.
Furthermore, nine projects are centered on creative and
circular economy development, while 13 support eco-
riparian and ecotourism initiatives.

Among the total, 291 projects specifically target
water quality issues, indicating a significant concentration
of efforts in this area. One particularly notable
project, Oppama JHS, represents a collaboration that
promotes the exchange of scientific and cultural knowledge
between Indonesia and Japan. The diversity and scale
of these projects reflect the broad commitment and
active participation of local communities involved in
the BrantaSae movement to enhance and maintain the
environmental quality of the Brantas River.

3.2 Implementation of river cleanup activities

River cleanup activities under the BrantaSae initiative
constitute a central effort to preserve water quality in the
Brantas River. Among the 291 projects conducted, many
were explicitly aimed at supporting this objective. However,
the selection of appropriate sites was a critical step,
requiring consideration of key factors such as the severity
of pollution and accessibility. Based on a comprehensive
review, three locations were prioritized due to their high

Sorting of
waste and
analysis of
clean-up
activity
results

Scanning Implementation Reporting
information of river clean-up Activities
related to activities
water
quality
conditions.

Figure 1 . Structured implementation flow of community-based river cleanup activities
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Figure 2 . Results of initial waste classification by general type in the Brantas River

levels of contamination and logistical feasibility for
carrying out cleanup operations. These locations included
the drainage area behind STIH on Jalan Joyo Raharjo, the
site along Jalan Ikan Piranha, and the FTUB Drainage area.

Figure 3 . Field implementation of river waste collection
and sorting activities

The cleanup process was executed in two stages. The
first stage was conducted on November 10, 2023, at
the drainage site behind STIH. The second stage was
implemented at the remaining two locations—1Jalan Ikan
Piranha and the FTUB Drainage. Through these efforts, the
initiative aimed to improve the environmental conditions
surrounding the river and enhance public awareness of

the importance of maintaining environmental cleanliness
(Figure 3).

3.3 Results of waste stockpile analysis

As shown in Figure 4, plastic waste was the dominant
category across all three locations studied. In Location 1
(J1. Joyo Raharjo), the total waste collected weighed 67.3
kg, of which 37.9 kg (56.32%) was plastic waste, 23.4 kg
(34.74%) was organic waste, and 6.0 kg (8.94%) fell into
the "other" category. In Location 2 (JI. Ikan Piranha),
the total waste amounted to 7.0 kg, consisting of 4.0 kg
(57.14%) plastic waste, 1.0 kg (14.29%) organic waste,
and 2.0 kg (28.57%) other waste. In Location 3 (FTUB
Drainage), the total waste weight reached 18.4 kg, with 14.5
kg (78.80%) comprising plastic waste, followed by 2.0 kg
(10.87%) organic waste and 1.9 kg (10.33%) other waste.
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Figure 4 . Waste composition from river cleanup activities
based on general type

These findings clearly indicate that plastic waste is
the most pressing issue in all three locations (Buwono
et al., 2022). Among them, Location 1 (JI. Joyo
Raharjo) exhibited a relatively more balanced distribution
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of waste types compared to the other sites. Nevertheless,
all locations require focused efforts in plastic waste
management.

The results align with previous research emphasizing
the predominance of plastic waste—particularly low-
density polyethylene (LDPE)—in urban river systems in
developing countries (Buwono et al., 2022; Haribowo et
al., 2023). LDPE is known for its persistence in aquatic
environments, where it poses a serious threat to water
quality due to its resistance to degradation and its potential
to release microplastics over time. Consequently, the
analysis underscores the need for targeted interventions that
go beyond waste collection, including upstream community
education and the promotion of environmentally friendly
product alternatives.
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Figure 5 . Plastic waste composition by polymer type

Figure 5 illustrates that plastic waste across the three
studied locations is predominantly composed of low-
density polyethylene (LDPE). In Location 1 (JI. Joyo
Raharjo), LDPE accounted for 60.95% of the 379 plastic
waste items, followed by polypropylene (PP) at 17.68%,
polystyrene (PS) at 8.44%, polyethylene terephthalate
(PETE) at 9.76%, and both high-density polyethylene
(HDPE) and other plastic types at 1.58% each. In Location
2 (JI. Ikan Piranha), of the 129 plastic items collected,
LDPE again dominated with 55.81%, followed by PP at
25.58%, PETE at 14.73%, and HDPE, PS, and other types
each comprising 1.55%. In Location 3 (FTUB Drainage),
out of 120 plastic items, LDPE made up 85.83%, followed
by PP at 7.50%, PETE at 3.33%, and polyvinyl chloride
(PVC) at 0.83%. No HDPE or PS was identified at this
location.

These results confirm that LDPE is the most prevalent
polymer across all three locations, with the highest
proportion recorded at Location 3 (FTUB Drainage). PP

and PETE also contributed significantly in specific areas.

Therefore, plastic waste management strategies should
prioritize the reduction and recycling of LDPE, while
also addressing other polymers based on their localized
distribution (Ramirez et al., 2023).

These findings are consistent with previous studies
highlighting the frequent occurrence of LDPE and PP in

urban river systems in Indonesia (Haribowo et al., 2023).

LDPE’s dominance is largely attributed to its widespread

use in inexpensive, single-use packaging materials. Its
chemical structure makes it highly resistant to degradation,
which increases the likelihood of microplastic formation.
This underscores the urgent need to enhance the traceability
and recyclability of LDPE, particularly within community-
based waste management systems.

From Figure 6 presents the distribution of plastic waste
by functional category across the three study locations,
revealing notable differences in composition. In Location
1 (JI. Joyo Raharjo), out of 575 plastic waste items, the
“Other” category was the most prevalent, accounting for
245 items (42.61%), followed by plastic bags with 196
items (34.09%), food packaging with 63 items (10.96%),
beverage packaging with 61 items (10.61%), and soap and
detergent containers with 10 items (1.74%).

300
250
200

150

Volume (pcs)

100

50 I I
. [ = .

Plastic bag  Food Packaging  Beverage Soap and Other
Packaging detergent
H Location 1 ®Location2 ™ Location 3

Figure 6 . Functional categorization of plastic waste
collected from river cleanup

In Location 2 (J1. Ikan Piranha), of the 129 plastic items
collected, plastic bags dominated with 72 items (55.81%),
followed by food packaging at 33 items (25.58%), beverage
packaging at 19 items (14.73%), and only a minor presence
of other categories. In Location 3 (FTUB Drainage), out
of 120 plastic waste items, plastic bags overwhelmingly
dominated with 103 items (85.83%), followed by food
packaging with 9 items (7.50%) and beverage packaging
and “Other” categories with 4 items (3.33%) each. No
waste items from the soap and detergent category were
recorded at this location.

Overall, plastic bags emerged as the most commonly
found type of plastic waste across all locations, with
particularly high prevalence in residential areas. Location
1 (JI. Joyo Raharjo) displayed a greater diversity of plastic
waste types, with a significant proportion falling into the
“Other” category. Despite this variation, the widespread
dominance of plastic bags across all sites suggests that
waste management efforts should prioritize reducing their
use. In addition, improving the handling and recycling of
food and beverage packaging is essential to support more
effective and sustainable waste management systems.

These waste categories — especially plastic bags and
food packaging — are closely linked to daily household
consumption patterns. The findings reinforce the
relevance of citizen-generated data in informing behavioral
change and shaping waste management policies, consistent
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with similar community-based studies in Southeast Asia
(Capdevila et al., 2020). Categorizing plastic waste by
type, polymer, and function not only enhances targeted
waste management strategies but also serves as an indirect
indicator of pollution pressure within river systems.

For instance, the dominance of LDPE and plastic
bags signals a heightened risk of persistent pollutants
that may fragment into microplastics and compromise
water quality. By identifying specific sources and
types of waste, stakeholders can adopt more targeted
interventions—such as limiting plastic bag use, improving
LDPE recycling processes, and promoting community
behavioral change. These actions are expected to lead to
measurable improvements in river water quality over time.

Several solutions can be proposed to address the
predominance of plastic waste at the three study locations.
First, programs aimed at reducing the use of single-use
plastics—particularly plastic bags—should be implemented
through policy measures, such as bans or additional charges
for plastic bag usage in shops and markets. Second,
recycling facilities for LDPE and other plastic types need to
be enhanced, with priority given to locations where LDPE
dominates. Investment in efficient recycling technologies
and supporting infrastructure is essential to ensure that
collected plastics are processed effectively. Third, public
education campaigns are critical to raise awareness about
the negative impacts of plastic waste and to promote
responsible waste management. These campaigns can be
delivered through outreach activities in schools, community
centers, and mass media platforms.

In addition to these strategic solutions, several specific
activities can be undertaken to further mitigate plastic
waste. Investing in research and development to identify
environmentally friendly alternatives to plastic and to
improve recycling technologies should be prioritized. The
establishment of waste banks in each location could
facilitate the collection, sorting, and recycling of plastic
waste. Furthermore, regular waste cleanup activities in
neighborhoods surrounding the three study sites would help
reduce environmental contamination and reinforce long-
term waste management habits.

By implementing these solutions and proposed actions,
the plastic waste problem at the study sites can be
significantly reduced, contributing to a cleaner and healthier
environment. Moreover, by linking detailed plastic waste
categorization with recognized indicators of pollution, this
study offers a valuable proxy for understanding pollutant
sources and assessing risks to river water quality. Although
direct water chemistry measurements were not conducted,
the observed dominance of persistent polymers such as
LDPE strongly suggests a sustained pollution load that may
progressively impair water quality over time.

4. CONCLUSION

This study underscores the importance of classifying
riverine plastic waste by type, polymer, and function
through a community-based cleanup initiative conducted
under the RIVERIution campaign. The findings

consistently revealed that plastic was the dominant
waste material across all three sites, with low-density
polyethylene (LDPE) emerging as the most prevalent
polymer and plastic bags as the most common functional
category. Location 1 (JI. Joyo Raharjo) exhibited a
wide range of plastic waste, including food wrappers and
single-use bags. Location 2 (JI. Ikan Piranha) showed a
mix of packaging-related plastic waste, while Location 3
(FTUB Drainage) was dominated by plastic bags and larger
containers, indicating potential commercial sources.

The study demonstrates that structured waste
classification, when integrated with citizen science and
digital mapping tools such as BrantaSae, can generate
valuable data to inform targeted plastic reduction strategies
and community education. The combination of scientific
analysis and local participation offers a practical model for
enhancing environmental awareness and supporting water
quality restoration efforts.

To address the challenges identified in this research,
we recommend reducing single-use plastic consumption,
upgrading recycling infrastructure—particularly  for
LDPE—establishing local waste banks, and promoting
regular community cleanup activities. These interventions
are essential for achieving sustainable river ecosystem
management in Malang and other urban environments
facing similar waste-related pressures.
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