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Abstract

Trans Malakoni Village, located on Enggano Island, Bengkulu Province, faces significant challenges
in providing access to clean, potable water. Limited access to adequate freshwater sources and water
quality that frequently fails to meet health standards are major obstacles to the community's
sustainable livelihood. This research aims to explore the potential and implementation of household-
scale reverse osmosis (RO) technology as an innovative solution for producing clean, potable water
in Trans Malakoni Village. The research methodology involves raw water quality analysis, the
design of a household-scale RO system suitable for local conditions, and an evaluation of system
performance and community acceptance. Initial results indicate that existing water sources in Trans
Malakoni Village, although limited, can be effectively treated using RO technology to achieve
established drinking water quality standards. The proposed household-scale RO system design
emphasizes energy efficiency, operational ease, and affordable maintenance costs, thereby enabling
sustainable adoption by households. The implementation of RO technology is expected not only to
enhance access to clean water but also to contribute to improved public health, self-reliance in water
resource management, and sustainable living in Malakoni Village. This study recommends further
research on system optimization and community education programs to maximize the positive
impact of RO technology in other remote island regions.
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Introduction

Enggano Island is one of Indonesia's outermost islands, located in the Indian Ocean. Enggano Island
is part of the government area of North Bengkulu Regency, Bengkulu Province, and is a sub-district. Enggano
Island is one of the Disadvantaged, Outermost, and Frontier (3T) islands in Indonesia to be developed
(Perpres, 2020), located southwest of Bengkulu city with coordinates 05° 23’ 21" LS, 102° 24’ 40" BT
(Nurhimat & James Hellyward, 2023). The 3T regions, in a sense, have a low quality of development, where
the community is less developed compared to other regions both on a national scale and in terms of its
geographical location in the forefront and outermost regions of Indonesia. Most of the 3T areas are the
gateways to Indonesia's borders. The location of the area, far from the provincial capital, is also a factor in
stunted economic growth due to uneven infrastructure development. The problems that exist in the 3T areas
are education, clean water, and proper sanitation, as well as clean and affordable energy, which in the 3T
areas have not fully reached all levels of society, especially the people who live on Enggano Island, a remote
island that is geographically difficult to reach from the provincial capital.

One of the top priorities in ensuring the basic needs of society is the provision of clean water to meet
the needs of the community. Unfortunately, while there may be plenty of water available, many communities
face difficulties in obtaining and meeting their water needs for daily life. It is not only the local government
that is responsible for providing clean water for the community, but also the shared responsibility of all
parties, including the private sector, the central government, and the general public. Each does what they
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can, keeping in mind that the availability of clean water requires everyone to work together to keep existing
water sources sustainable and avoid using existing clean water wastefully.

Water sources are easily available to people in Malakoni Village in Trans Malakoni. Almost everyone
around the world uses surface wells or dug wells. The results of the Trans Malakoni Community
Consultation in Malakoni Village show that poor water quality is one of the problems faced by the
community. Because it contains manganese and iron deposits, the water is yellowish in color. In addition,
the current condition of the water is not suitable for drinking. However, people usually do not utilize the
water for their daily needs. Residents buy water in jerry cans and gallons for drinking. So, this community
service will concentrate on two problems: increasing the knowledge of the community of Trans Malakoni
Village, Enggano Island, and encouraging the community to provide clean water independently by using a
simple reverse osmosis water filter.

The combination of severe droughts, melting glaciers, seawater intrusion into groundwater, and
increasing water demand has led to a global water deficit of 40% by 2030 (United Nations, 2015; Peng et al.,
2025; Zimmermann et al., 2025). Ensuring that the growing demand is met is critical, and this requires not
only improvements in water conservation, distribution, and management, but also the availability of
additional freshwater. To meet the growing demand, one way to achieve this is by utilizing well water
through reverse osmosis (RO) membrane technology, which increases the availability of clean and potable
water for the global population. Desalination can also help fulfill the UN's 6th sustainable development goal
(SDG6), "to ensure the availability and sustainable management of water and sanitation for all." (United
Nations, 2023). It also plays an important role in other SDGs, including the sustainable use of marine
resources (SDG 14), promoting sustainable agriculture (SDG 2), and the development of safe cities (SDG
11) (United Nations, 2023; Herrfahrdt-Péhle et al., 2025). Many cities in Indonesia, especially big cities with
dense populations and many activities, face the problem of limited availability of clean water due to the
adverse effects of high air pollution and acid rain on the quality of water consumed. However, there are still
many areas that do not have access to clean water, especially water that is fit for consumption. One of the
reasons for this is that there is no knowledge of the technology that can solve the problem or the human
resources needed to deal with the problem.

As a household-scale water purification system, RO has proven to be very effective in overcoming
water quality problems compared to other purification methods such as activated carbon, water softener,
distillation, UV, and neutralization (Kamrin et al., 1999; Sedlak, 2019; Elmaadawy et al, 2020; Davey et al.,
2022; Suar et al., 2025). RO systems can separate unwanted components such as organic and non-organic
components, bacteria, viruses, particulates, and dissolved ions or salts. RO systems are also known as filter
media that have the smallest pores compared to other filters, namely 0.0001 microns (HomePlus, 2024).
Several studies and patents on the effectiveness of RO systems with various designs and configurations have
supported the development of household-scale RO systems (Bowman, 1997; Chen, 1999; Walker et al., 2008;
Van de Walle , 2022; Pishkar & Gohari, 2025).

This research aims to explore the potential and implementation of household-scale reverse osmosis
(RO) technology as an innovative solution for producing clean, potable water in Trans Malakoni Village.
The application of energy-efficient household-scale RO systems is emphasized, designed to operate with
minimized energy consumption without compromising water quality. The implementation of RO
technology is expected not only to enhance access to clean water but also to contribute to improved public
health, self-reliance in water resource management, and sustainable living in Trans Malakoni Village.

Methods

Water sources are easily available to people in Malakoni Village in Trans Malakoni. Almost everyone
around the world uses surface wells or dug wells. The results of the Trans Malakoni Community
Consultation in Malakoni Village show that poor water quality is one of the problems faced by the
community. Because it contains manganese and iron deposits, the water is yellowish in color. In addition,
the current condition of the water is not suitable for drinking. However, people usually do not utilize the
water for their daily needs. Residents buy water in jerry cans and gallons for drinking. So, this community
service will concentrate on two problems: increasing the knowledge of the community of Trans Malakoni
Village, Enggano Island, and encouraging the community to provide clean water independently by using a
simple reverse osmosis water filter.

Community service activities in Trans Malakoni, Malakoni Village are conducted through the
counseling method. This means providing community groups with an understanding of the importance of
clean water and how to treat and utilize it. Researchers used a qualitative approach to investigate the process
of community empowerment through counseling to increase the productivity of critical land. According to
Moleong, (2017); Padgett (2016) and Silverman et al., (2021), "qualitative method as a research procedure
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that produces descriptive data in the form of written or spoken words from people and observable behavior"
refers to a qualitative approach.

In detail, the stages of implementing the activity are as follows : (1) Counseling activities, which are
used to explain the material that has been prepared by the service implementation team. Counseling is carried
out to provide additional knowledge to the community and partners about the importance of clean water for
life, the requirements for drinking water, and water management and purification systems. (2) Question and
answer activities, which are used to respond to the extent of the level of understanding of what has been
conveyed by the Community Service Implementation Team. (3) Discussion activities, namely presenters and
participants conducting dialogues that discuss the use and utilization of tools to produce clean water. (3)
Simulation and practice/workshop activities, which are used to show the installation and use of tools to
produce clean water and ready-to-drink water in a safe way. Implementation of the workshop model when
practicing making water purification equipment using the filtration method and adding reverse osmosis
technology to produce ready-to-drink water.
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Figure 1. Flowchart of Community Engagement Methodology

This process involves women and men, as well as adolescent girls from the local community. The aim
is to remember the role of the community as a driver of change. The community is expected to play a more
active role in driving major changes. This community engagement will be implemented through a
participatory and sustainable approach (see Figure 1), ensuring the effective adoption of RO technology and
providing long-term impact for the community of Trans Malakoni Village. This method is expected to ensure
that the RO technology is not only installed but also operated and maintained independently by the Trans
Malakoni Village community, thereby providing sustainable clean water benefits for a better life.

Result and Discussion

The service preparation activities in Trans Malakoni began with the initial coordination of the team
with the Head of Enggano Sub-District and the Head of Malakoni Village (Figure 2). Coordination as well
as field surveys to find a work post for the service team during community service activities and to obtain
permission to go to the field. We need a post or place to store tools, assemblies, and training activities. The
results of the initial coordination were that the Head of Enggano Sub-District and the Head of Malakoni
Village were willing to accept community service activities to be carried out from August 8-18, 2023, and
gave permission to use the post location, which is Anwar's brother's house, which has often been used as a
post for outside agency activities in Malakoni Village, and the location for the placement of drinking water
treatment equipment in RO Trans Malakoni, Malakoni Village, which is the source of raw water for drinking
water treatment for the Trans Malakoni community. The team has been designing preparatory activities for
community service in Trans Malakoni since June 2023, specifically collecting data on the needs of tools and
materials for use in community service activities. The aim of the program is to apply science and technology
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to the community, especially in the field of clean water supply that is suitable for drinking, in order to answer
the problems that occur in Trans Malakoni, namely that the Household Scale Clean Water Supply System
has not been fulfilled in quality and quantity for household needs and community drinking water.

The service was carried out through socialization, training, and making a simple water filtration
system (reverse osmosis) for potable water (Figure 3). Residents of Trans Malakoni Village were involved in
this process. After the materials and equipment were arranged in accordance with the previously socialized
order, the installation of the piping system was continued, and then a series of water filtering devices were
arranged to meet the drinking water needs of the restricted system. Field results showed that residents of
Trans Malakoni Village have the ability to create a simple water filtration system known as reverse osmosis,
both in terms of hard skills and soft skills. The counseling went smoothly and as expected. The number of
counseling participants was 16. The counseling enhanced community awareness regarding the necessity of
clean water for daily activities. Permenkes No. 32 of 2017 (2017); Komarulzaman et al, 2017 and Arcipowski
et al., 2017 stipulates that the community must use clean water with a minimum level of 1 mg/1. Physical,
biological, and chemical parameters, as well as additional parameters that may be required, form the
Environmental Health Quality Standard for Water Media for Sanitary Hygiene Purposes.

-

Figure 3. Counseling activities with the Trans Malakoni community.

Before beginning the socialization and counseling, we asked service participants to fill out a
questionnaire. Participants received the questionnaire before the service. It consists of twelve questions with
"yes" and "no" options. The participants' answers are counted to determine their frequency, and then the
percentage is calculated. The focus of the questionnaire questions was the participants' basic knowledge of
water treatment and use. Table 1 presents the results.

Table 1. Questionnaire on Community Knowledge, Attitude, and Behavior on Clean Water.

No e Answer Frequency Percentage
Options (%)
What are the consequences of not filtering well Yes 6 37.5
1. water? No 10 62.5
2 Do you filter the water before cooking? Eeos 124 213’272
Do you know how to treat water well to make it Yes 14 87.5
3. clean? No 2 12.5
Do you use well water to wash vegetables, fish, Yes 14 87.5
4. and meat (food ingredients)? No 2 12.5
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N Question 8;;‘:;2 Frequency Perc(ﬁ/l:)t age
What are the consequences of not filtering well Yes 6 37.5
1. water? No 10 62.5
5 Do you use clean water in your daily life? XI{IZS 124 ?gg
Do you use well water as a source of clean Yes 14 87.5
6. water? No 2 12.5
7 Do you use murky well water? ;{I(;s 160 g?g
Do you know that when well water is cooked, it Yes 6 37.5
8. should be filtered? No 10 62.5
Do you know the symptoms of not filtering Yes 14 87.5
9.  water after boiling? No 2 12.5
10. Do you filter the water after cooking? ;{I(:')s 160 g%g
Do you wash your hands with soap before Yes 12 75
11. treating and serving drinking water? No 4 25
Did you know that filtering well water with Yes 14 87.5
12. palm fiber can make the water clean? No 2 12.5

The questionnaire results shown in the table above indicate that "don't know" was the most common
answer choice, suggesting that the community still lacks knowledge about clean water issues. After
conducting counseling, providing materials, demonstrations, and practicing the use of tools, it is expected
that the community will have a better understanding of healthy lifestyles, particularly regarding the use of
clean water, and more people will be aware of the importance of clean water. Counseling provides
information that increases people's knowledge about the importance of clean water. To prevent waterborne
diseases, the community will always try to fulfill the need for clean water. A person's intention towards health
problems, the amount of support from the surrounding community, the amount of information about health,
the freedom of individuals to make decisions and act, and the circumstances that allow them to behave or
not behave (Notoatmodjo, 2014; Ogunbode et al, 2024; Yang et al.,2024; Isukuru et al., 2024).

Table 2. Distribution of pH and TDS values in water samples.

‘Water Samples pH TDS
Reverse osmosis membrane filtration results in water 5.9 24
Sample Water from Malakoni Water Depot 49 210

Figure 4. Water Trans Malakoni RO water sample before the treatment process and water after the RO
process

After assembling the device, we carry out performance testing to determine if it functions properly.
The indicator that the tool works well is the production of clean water according to the standards of
Permenkes RI No. 32 of 2017 (2017) and drinking water according to the standards of Permenkes RI No.

Abdi: Jurnal Pengabdian dan Pemberdayaan Masyarakat



ISSN: 2684-8570 688

492 of 2010 (2010). Sampling of clean water taps is done at the output nanofiltration process, while drinking
water samples are taken at the output tap RO process. The results of the water quality analysis, which
includes pH and TDS test parameters, show a very high decrease in contaminants and have met the
environmental quality standards so that they can be used as clean water and drinking water (Table 2). The
large hydraulic pressure (5 bar) during the filtration process pushes river water molecules through the
nanofiltration membrane wall, blocking contaminants with larger particle sizes in the membrane pore
(Qiblawey et al., 2009; Sisnayati et al., 2022; Friedman et al., 2024). A comparison of water before and water
produced from the RO process is shown in Figure 4. There is a change in color; initially, the water before the
treatment process is slightly yellowish and cloudy, but after the RO process, the color of the water becomes
clear or colorless and has met its environmental quality standards, so this process has achieved indicators of
success in producing clean water and drinking water in Trans Malakoni. To increase the pH of water, it can
be done by adding alum to the coagulation-flocculation process (Guida et al., 2009; Sisnayati et al., 2023;
Tahraoui etal., 2024; AlMuhanna et al., 2025).

Conclusion

Trans Malakoni community service activities in Malakoni Village, Enggano Island, and North
Bengkulu Regency have been completed and have the potential to increase community awareness about the
importance of clean water. In addition, the community can obtain clean water independently by using a
simple reverse osmosis filter. To achieve self-sufficient clean water supply and benefit the entire community,
the Enggano Island Community Health Center and Malakoni Village government must work together across
sectors. To ensure the right and need of all people for clean water, the next community service activity should
provide training on clean water management or maintenance management of waterways to continue the
maintenance and improvement of the clean water facilities that have been built.
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