Larhyss Journal, ISSN 1112-3680, n°63, Sep 2025, pp. 55-88
F © 2025 All rights reserved, Legal Deposit 1266-2002

IS CHLORINATION THE RIGHT SOLUTION FOR
HOUSEHOLD WATER DISINFECTION IN INDONESIA?
A CRITICAL REVIEW

IHSAN T.

Department of Environmental Engineering, Faculty of Engineering, Universitas
Andalas, Indonesia

(*) taufigihsan@eng.unand.ac.id

Research Article — Available at http://larhyss.net/ojs/index.php/larhyss/index
Received November 7, 2024, Received in revised form August 22, 2025, Accepted August 24, 2025

ABSTRACT

Chlorination is one of the household water treatment methods widely advocated in
Indonesia. Challenges to effectiveness and efficiency, however, persist. This study
reviews literature related to chlorination practices, with emphasis on the factors affecting
successful practice and potential points at which improvements may be initiated. We
discuss how water quality can affect chlorine effectiveness, the need for dosing strategies
that correspond with the source water quality, optimization tests of disinfection processes,
and possible disinfection by-products. This review also explores alternative disinfection
methods, such as filtration, UV irradiation, and boiling, comparing their advantages and
disadvantages. User compliance is necessary but, in most cases, compromised by lack of
motivation, misconceptions regarding chlorine safety, and perceived inconvenience.
Specifically, this review identifies several key research gaps, including the need for
further investigation into the long-term impacts of household chlorination on user
behavior and the effectiveness of various communication strategies in promoting
sustained adoption. We examine barriers and drivers to successful implementation in an
Indonesian context considering all the factors influencing awareness, access,
affordability, cultural practices, and government policies. We realize that these guidelines
may not be enough to satisfactorily adopt chlorination, hence a call to focus our effort on
the local environment with continued support toward behavior change. Based on our
review, we include recommendations to further enhance efficiency, compliance, and
sustainability in Indonesia's household chlorination programs and thus reduce disparity
in access to safe drinking water as a means to improve the public health conditions.

Keywords: Chlorination, Household Water Treatment (HWT), Drinking water, Water
quality, Public health, Indonesia.
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Abbreviation

CD Chlorine Demand

DBPs Disinfection By-Products

FC Free Chlorine

FCR Free Chlorine Residual

HWT Household Water Treatment
NaDCC Sodium Dichloroisocyanurate
NaClO Sodium Hypochlorite

NOM Natural Organic Matter

PAMSIMAS the name of a community-based water supply and sanitation program
in Indonesia

POU Point-of-Use

THMs Trihalomethanes

WASH Water, Sanitation, and Hygiene
INTRODUCTION

Water has become a critical global concern, encompassing both quantitative scarcity and
qualitative degradation, though its manifestations vary regionally. A series of
comprehensive reports have consistently identified the principal drivers as follows: (i)
rapid population growth, which intensifies demand; (ii) pollution arising from mining
operations and industrial processing; and (iii) climate change, which disrupts the global
hydrological cycle (Aroua, 2023). The water issue is also an energy challenge because,
for a given country or region, water and energy are both essential for sustainable
development (Boubou-Bouziani, 2015).

The access to safe and affordable drinking water is a fundamental human right integral to
the Sustainable Development Goals formulated by the United Nations (UN, 2021).
Despite increased focus on realizing this human right, 1.7 billion people still lacked safely
managed drinking water in 2020 (WHO, 2023). The burden of this challenge
disproportionately affects rural communities in low-income countries, where reliance on
contaminated and distant water sources remains prevalent. In Indonesia, despite progress
in water supply coverage, access to safe drinking water remains a challenge, particularly
in rural areas and small towns. The 2023 Indonesia National Socio-Economic Survey
indicates that only 12.17% of households have access to piped water treated to drinking
water quality standards (Indonesia Central Agency of Statistics, 2024).

The global water stress context urgently calls for the promotion of nonconventional water
resources, including purified wastewater, to save the maximum volume of conventional

water resources, as stated in Sustainable Development Goal 6, clean water and sanitation
(Aroua-Berkat and Aroua, 2022).
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Consumption of unsafe drinking water can lead to significant health issues and mortality
due to enteric infections, especially among children (Faye, 2017; Baba Hamed, 2021; Lee
et al., 2023). The leading causes of death from diarrheal diseases are pathogens such as
rotavirus, Cryptosporidium, and Salmonella (Black et al., 2022). These are primarily
transmitted through the fecal-oral route and associated with unsafe drinking water, poor
sanitation, and hygiene. For these reasons, it is imperative that bacteriological analyses
of the water be conducted with the utmost rigor, concurrently with the monitoring of
residual chlorine levels (Ouahchia et al., 2015). Statistical analysis methods should be
privileged (Diallo et al., 2014; Amadou et al., 2014).

In Indonesia, diarrheal diseases remain a significant public health concern, particularly
among children under five. The Ministry of Health reported that diarrhea was the second
leading cause of infant mortality in 2021 (IMH, 2023).

Phosphorus in the form PO+*" and Nitrogen, particularly in the form of nitrates (NOs")
and nitrites (NO2"), ares commonly found in water sources, especially in areas influenced
by agriculture or wastewater discharge. These are highly harmful elements that several
studies have been carried out to provide processes eliminating them or at least reduce
them to an authorized concentration (Mumthaj et al., 2023; Aw et al., 2024).

Furthermore, monitoring the chemical and bacteriological quality of stored drinking
water is essential to prevent population health risks (Douhri et al, 2015).
The drinking water quality that is being supplied to people through the water supply
system has a direct impact on public health (WHO, 2022). Thus, the optimum use of water
requires an effective water supply management system that is smart enough to measure
water quality and produce details for the end user (Pandey et al., 2022; Kouloughli and
Telli, 2023).

As a general rule, water pollution presents a considerable ecological hazard, especially in
rapidly industrializing areas. Several studies have been carrried out to examine
deficiencies in health risk assessment and pollutant source identification in such regions
(Tanouayi et al., 2015; Benhamza et al., 2015; Chadee et al., 2024).

Assessing water quality is essential for several reasons, and it directly impacts public
health, the environment, and economic development. Best methods should be preferred
to assess water quality, such as integrated methods (Sahu et al., 2024).

Household water treatment (HWT), where water is treated at the point of use (POU), can
be a crucial solution to help address these issues, especially where centralized solutions
are not feasible due to high costs, maintenance needs, or the dispersed nature of
households (Bielefeldt, 2010). Although many different technologies are available and
have the potential to provide safe drinking water, they face the challenge of low
effectiveness and compliance in the field (Deng, 2021). This is a critical gap in research,
as little is known about the actual circumstances under which these methods are
performed.

57



Thsan T. | Larhyss Journal, 63 (2025), 55-88

Chlorination has been used as a disinfectant since the early 1900s (Reddy and Elias), and
in tropical countries, it is the most common and cost-effective method at the household
water level, or other water storage structures, compared to filtration, solar disinfection,
and combined flocculation/disinfection (Harrat and Achour, 2010; Achour and Chabbi,
2014: Mazhar et al., 2020). This holds true in Indonesia, where chlorination is widely
promoted as a key HWT method. Among the methods mentioned, only chlorination and
combined flocculation/disinfection provide the residual disinfectant required to protect
water quality during household water storage, where recontamination risks exist (Said,
2017). Here, chlorination has a clear advantage over combined flocculation/disinfection
as it is cheaper and easier to perform (Afoufou and Achour, 2002; Afoufou and Achour,
2003; Achour et al., 2002; Ghernaout, 2018). Besides chlorination, other methods are also
used for drinking water disinfection at the household level, such as filtration, UV
irradiation, heating to a boil, and ozonation which is known to be a powerful oxidant and
disinfectant in drinking water production processes, providing provided that the optimal
dose is planned (Hellal et al., 2023). These methods each have advantages and
disadvantages in terms of effectiveness, cost, and ease of implementation.

At the household level, chlorination can be easily applied by adding a specific dose of
household bleach, a sodium hypochlorite solution (NaClO), and is one of the most
accessible methods, as NaClO is widely produced and sold. An alternative to NaOCI is
sodium dichloroisocyanurate (NaDCC), which has the advantages of being more stable
in storage, safer, and more convenient (Agrawal and Bhalwar, 2009; Clasen and
Edmondson, 2006; Wilhelm et al., 2018). However, the impact of the chlorination process
on the substances contained in the water must be monitored (Khelili and Achour, 2017).

When chlorine is added to water, either in molecular or hypochlorite form, it undergoes
hydrolysis to produce aquatic chlorine molecules, hypochlorous acid (HCIO), and
hypochlorite ions (ClIO—). Together, they are known as free chlorine (FC) (Gohil and
Suresh, 2017). Both chlorine compounds are antimicrobial agents, but hypochlorous acid
is significantly more effective than hypochlorite ions (Almhgjd et al., 2023). Free chlorine
can eliminate various bacteria and viruses found in contaminated drinking water.
However, it is less effective against protozoa, especially at concentrations safe for
drinking water (He et al., 2023).

Although chlorination is a simple method to treat contaminated water, it faces several
challenges for effective implementation, especially in rural areas of Indonesia. This
review aims to critically examine and analyze scientific and non-scientific literature on
chlorination in practice to identify the main challenges and research gaps associated with
the scaling up, adoption, compliance, effectiveness, and sustainability of household water
chlorination in real-world scenarios. Particular attention is given to the identified key
barriers and drivers for adequate implementation in Indonesia, and supporting case
studies are discussed.
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METHODS

A comprehensive literature review was conducted to examine household chlorination
practices in rural Indonesia. The initial search across multiple databases (Scopus, Web of
Science, Directory of Open Access Journals, Garuda, and Google Scholar) using relevant
keywords yielded over 1100 manuscripts. Keywords used in the search included terms
related to chlorination methods (e.g., disinfect*, chlorin*, hypochlorite, "sodium
dichloroisocyanurate", NaDCC, bleach), water treatment (e.g., "drinking water", potable,
"water treat*", household, HWT, "household water treatment", "Safe water system",
SWS, "point-of-use", POU), and setting (e.g., Indonesia, rural*, communit*, "field trial",
intervention, "field implementation", "field implementing", "developing countr*", LMIC,
"low and middle-income country"). Titles and abstracts were screened to identify studies
specifically focused on chlorination in rural Indonesian communities, excluding
laboratory-based research, review papers, publications not in English or Indonesian, and
duplicate documents. This screening process narrowed down the pool to 217 articles.
After reviewing the abstracts, fewer than 90 articles were selected for full-text analysis.
Final inclusion in the review was based on relevance to the topic of household
chlorination in rural Indonesia. This therefore ensured that only literature that was very
relevant and informative on the subject was reviewed.

RESULTS AND DISCUSSIONS
Issues with chlorination
Challenges in chlorination related to source water quality, dosage, and storage

The efficacy of chlorination in rendering drinking water free from harmful
microorganisms relies immensely on source water quality. The dosing and time of
chlorine required for satisfactory disinfection could be impacted by factors related to
turbidity, pH, and temperature conditions, as well as the content of organic matter, or
humic matter, within the water (Achour et al., 2002; Khelili and Achour, 2015; Aw et al.,
2016; Achour et al., 2016; Achour et al., 2018; Mazhar et al., 2020; Mohseni et al., 2017).

In Indonesia, where water sources can be quite different, from relatively clean springs in
mountainous regions to heavily polluted rivers in densely populated areas, and from
groundwater with high mineral content to rainwater harvesting systems, it is important to
define the appropriate dosage of chlorine depending on the source (Wantasen et al., 2022).

e Turbidity: High turbidity can shield pathogens from chlorine, requiring higher
doses or pre-treatment like filtration to improve disinfection efficacy (Léziart et
al., 2019; Benamara and Benamara, 2022). This is particularly relevant in
Indonesia, where many rural communities rely on surface water sources prone to
high turbidity, especially during the monsoon season (November to April), when
heavy rainfall can lead to significant runoff and sediment transport. (Messakh and
Punuf, 2020). Besides, improper land use practices, for instance, deforestation and
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unproper agriculture, contribute to erosion and give rise to high turbidity levels in
water bodies.

e pH: Chlorine is most effective in a pH range between 6.5 and 7.5. At higher pH
values, the disinfection potential is reduced because less HOCI will be produced,
according to Lee and Lee (2015). This may be of concern in Indonesia, as many
water sources are naturally at higher levels of pH, especially those derived directly
from volcanic regions or carrying agricultural runoff.

e Temperature: This could be a concern in Indonesia, where many water sources
may naturally possess higher levels of pH, such as those emanating directly from
volcanic regions or those receiving runoff from fertilized farms (Lee and Lee,
2015). One critical factor is the tropical climate of Indonesia. In this country, for
most of the year, the ambient temperature remains high and often rises above 30
°C. This high temperature can lead to rapid chlorine decay, especially in open
storage containers, further complicating the maintenance of adequate residual
chlorine levels.

¢ Organic Matter: Organic matter in water reacts with chlorine, forming disinfection
by-products (DBPs) like trihalomethanes (THMs), some of which are linked to
potential health risks (Xiao et al., 2024). High organic content necessitates
increased chlorine doses, potentially elevating DBP formation. That has raised a
concern in Indonesia due to the prevalent practices in the country, which expose
sources of water through the inappropriate disposal of organic wastes and the lack
of modern sewage treatment facilities; discharge into water bodies from both
untreated domestic and industrial wastes remains common. The same applies to
the very informal urban settlements and high population in urban areas.

HWT systems should be capable of purifying water of various microbiological and
physicochemical qualities. When chlorine is dosed into the water, it immediately starts
reacting with organic matter, metals, and other constituents to reduce its disinfecting
potential. The difference between the amount of chlorine added and the free chlorine
residual remaining after some contact time is defined as the chlorine demand. This CD
depends on various parameters such as temperature, pH, turbidity, and the chemical
composition of the water and is specific to a given water source, making it prone to
temporal variations (WHO, 2019). This highlights the importance of more in-depth
knowledge of water quality over greater time scales, especially in Indonesia, where
seasonal variations and dynamic environmental conditions can significantly influence
water quality parameters.

Pilot studies were conducted by Kim et al. (2014), Nouiri (2017), and Solomon et al.
(2020) on chlorine dosing (CD) in water to find out the optimum chlorine dose in respect
of the relationship between water quality and CD. These studies were done in a particular
context and might not apply directly to Indonesia because of the diversity of conditions.
There is a need for more localized research in terms of finding the appropriate dosage of
chlorine in different water sources and communities, each having unique characteristics.
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Several studies report the relationship of turbidity and CD of water. Examples include
works by Léziart et al. (2019) and Mohamed et al. (2015). In fact, very recent
recommendations of chlorine dose by Wilhelm et al. (2018) as listed in Table 1, have
been obtained from tests performed with several water sources which had presented
different turbidities. Turbidity imparts CD due to the reaction of chlorine with organic
and inorganic compounds present in the water. However, some natural organic matter
present in water is dissolved and thus not represented by the turbidity level. This is rarely
taken into consideration in determining dosage of chlorine in a batch process; this may
lead to under-chlorination and thus poor disinfection, especially in Indonesian water
sources, which have a high dissolved organic content.

Table 1: Guidelines for chlorine application and residual maintenance in drinking

water
Applied dose/FCR Concentration (mg/L)
Dosage at low turbidity (<10 NTU) 1.88 (Wilhelm et al., 2018)
Dosage at high turbidity (>10 NTU) (consumed within 8 h) 3.75 (Wilhelm et al., 2018)
FCR after 30 min <0.50 (WHO, 2011)
FCR after 24 h >0.20 (WHO, 2011)

Besides the challenges with dosing, the storage of chlorinated water is another significant
factor in ensuring residual disinfection and preventing recontamination. However,
chlorine dissipates over time, especially when exposed to sunlight and heat (Kwio-
Tamale and Onyutha, 2024; Noh et al., 2016). This becomes a challenge in Indonesia,
since most households store drinking water in containers that are probably not well
protected against sunlight and high temperatures (Ikhsan et al., 2022). Traditional
practices in the form of storing water in earthenware jars or plastic containers facing direct
sunlight can speed up chlorine decay. In addition, using contaminated cups or washing
hands in storage containers is very common in Indonesia; these factors introduce new
contaminants, rendering positive chlorination useless (Daniel et al., 2023; Puspita et al.,
2023).

The WHO realizes that chlorine dosages must be site-specific since site conditions vary.
Thus, the WHO guidelines are based on the free chlorine residual (FCR) levels set out in
Table 1 below. Based on health reasons, the WHO further advises that FCR should not
exceed 5.0 mg/L (WHO, 2011). The literature recommends FCR concentrations in the
range 0.2—0.5 mg/L for water to protect against regrowth and recontamination during
storage and usage. In reality, however, recommended levels in this range can promote
bacterial growth. Meierhofer et al. (2019) concluded that safely chlorinated water from a
water kiosk with an average FCR of 0.39 mg/L was not enough to maintain drinking water
quality after 24 h of storage when filled into uncleaned jerry cans and used in households
in Kenya. The exerted CD was contributed by the uncleaned jerry cans, reducing FCR to
an average concentration of 0.19 mg/L. This led to contamination at the point of storage;
15.2% of household stored water had E. coli after 24 h of storage, and a higher dose of
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chlorine was required to maintain levels of FCR in the water. The same issues could be
present in Indonesia, where there is a prevalence of reusing containers without cleaning
them properly and dipping contaminated utensils into the stored water.

Pathogens, dosage, and contact time

Chlorine's efficacy in disinfecting drinking water is dependent not only on the water
quality but also on the specific types of pathogens present and the contact time between
the chlorine and the water. Different pathogens exhibit varying levels of resistance to
chlorine disinfection.

The efficiencies, largely dependent on dosage and time of contact. A dosage of a few
mg/liter free chlorine with exposure times of even 30-60 min has variously achieved
inactivation against all waterborne pathogens at or exceeding levels of 4-10g-99.99% of
the original microbial load in a sample being killed-by Lanrewaju et al. (2022), and Lu
and Zhang (2022). This means that, for instance, if there were an initial sample water
containing 10,000 pathogenic organisms per liter, appropriate dose and contact time in
chlorination should leave less than 1 viable organism per liter in the treated water. This
level of inactivation will generally be adequate to ensure drinking water is safe from
microbiological standpoint.

However, a number of pathogens are resistant to chlorination, and this greatly affects the
concentration and contact time that may be required to achieve adequate inactivation
(Clasen and Edmondson, 2006). Resistance in such cases depends on several factors, for
example, the structural properties of the microorganisms themselves, the capability to
form resistant stages or spores, and general mechanisms of protection against oxidative
stress (Wang et al., 2023; Zhou et al., 2024).

In Indonesia, where waterborne diseases such as typhoid, cholera, and amoebiasis remain
significant public health concerns, the effectiveness of chlorination in inactivating these
specific pathogens is crucial. Pathogens like the protist Cryptosporidium parvum, for
example, are highly resistant to conventional chlorination due to the production of
resistant oocysts during its life cycle (Feng et al., 2021). Oocysts are thick-walled,
environmentally resistant structures that can survive for extended periods in water and
are highly resistant to chlorine disinfection. Generally, higher chlorine concentrations,
possibly along with longer contact times than are usually practical in a household water
treatment, might be required to adequately inactivate Cryptosporidium oocysts (Jain et
al., 2019). This is of special relevance in Indonesia since Cryptosporidium has been
identified as one of the common causes of diarrheal illness, particularly in children
(Wijayanti, 2017).

Household scale, therefore, under less controlled conditions, for example, than those at
water treatment plants, studies such as those done by Levy et al. (2014) had significantly
reduced efficiency when compared to laboratory testing. This is for the following reasons:

e Poor user compliance: Inconsistent or inappropriate application of chlorine due
to lack of knowledge, motivation, or access to appropriate resources may result
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in poor disinfection. This is a potential challenge in Indonesia, where health
literacy levels and awareness of safe water practices may vary across different
communities.

e Recontamination after Storage: If the water treated is stored in contaminated
containers or even exposed to other external sources of contamination, the
effectiveness of chlorination becomes nullified. In Indonesia, this can well be a
problem since most of the traditional methods for water storage, like storing in
earthenware jars or uncovered containers, contribute to recontamination.

e High chlorine demand: Organic matter or other chlorine-consuming substances
in the water may be so high that it depletes the chlorine residual, and thus there
is not enough disinfection and regrowth of microorganisms may occur. This
problem is quite common in Indonesia, as many water sources, especially
surface waters, are heavily polluted with organic matter due to inadequate
sanitation and wastewater management.

Although chlorination is supported by leading organizations such as UNICEF (Mohamed
et al., 2015), the fact that it is ineffective against some protozoa means that chlorination
products can only obtain limited protection-a 'l-star' classification-as reflected in the
WHO Household Water Treatment and Safe Storage Evaluation Scheme (WHO, 2011).
This classification scheme classifies water treatment technologies based on their
capability to remove or inactivate microbial contaminants. 1-star' rating, meaning
chlorination alone may not be sufficient to ensure that all of the pathogens are removed,
particularly protozoa like Cryptosporidium.

Based on this, WHO recommends that chlorination be used only in situations where the
disease-causing pathogens are known or as part of a multi-barrier treatment approach
(WHO, 2019). A multi-barrier approach combines multiple water treatment methods to
achieve a higher level of protection. For example, combining chlorination with filtration
or solar disinfection can enhance the removal of both bacteria and protozoa, providing
safer drinking water (Xie et al., 2023). This might find particular relevance in Indonesia
due to the various sources of water and diverse types of pathogens, requiring more
profound approaches to treatment (Thsan and Derosya, 2024).

Rajasingham et al. (2019) have effectively applied chlorination in responding to cholera
outbreaks during emergency situations. In such a situation, where rapid control of cholera
spread is important, chlorination can be a strong tool in disinfecting water sources and
hence preventing further transmission. Indonesia has faced several outbreaks of cholera
in these recent years, which points to effective strategies of water treatment in
emergencies (Praja et al., 2023). However, since the scope of this review does not include
the emergency response by chlorination.

Chlorine stability

Stability of chlorine in solution determines the effectiveness of chlorination in household
water treatment. Chlorine, in its several forms used for disinfection, is easily degraded,
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leading to the loss of its effectiveness through various environmental factors Gallandat et
al. (2021) indicated that under tropical conditions, with high intensities of sunlight and
ambient air temperatures commonly surpassing 30°C-for example, in Indonesia-this
presents highly challenging conditions to maintaining the stability of chlorine. Ultraviolet
radiation from the sun can readily decompose free chlorine; this process reduces its
concentration and, in turn, decreases its disinfection power. This is particularly a major
concern in Indonesia, considering that most communities, particularly in rural areas, still
do not have access to electricity and thus rely mostly on daylight hours for their daily
activities, which eventually increases the chances of being exposed to sunlight. It
therefore increases at higher temperatures; for this reason, a relatively high amount of
chlorine loss may happen in storage. High intensities of sunlight and corresponding high
temperatures require careful storage practices, the possible application of chlorine
stabilizers being an integral consideration toward ensuring the desired levels of
disinfection.

It is to be noted that the forms of free chlorine, such as hypochlorous acid and
hypochlorite ion, depend on the pH of the water. HOCI is more effective as a disinfectant,
and its proportion decreases with increased pH, thus affecting the overall disinfection
efficacy and stability of chlorine (Dewangan et al., 2023). Furthermore, organic matter
and salts in water reacts with chlorine, consuming it and reducing its availability for
disinfection (Achour and Guergazi, 2003; Hellal and Achour, 2016; How et al., 2017).
This is a significant issue in Indonesia, where many water sources, particularly surface
waters and shallow wells, are often contaminated with organic matter due to factors such
as open defecation, inadequate wastewater treatment, and agricultural runoff (Wulandari
et al., 2024). The high organic content in these water sources also increases chlorine
demand, which by itself compromises its stability. This calls for higher doses initially for
effective disinfection.

Another critical factor that will affect the stability of chlorine concerns the product itself-
the disinfectant. The access to quality-controlled chlorine products is very limited in most
rural settings in Indonesia. It is influenced by factors like those of the initial chlorine
concentration, availability of stabilizers, and mode of processing. Lantagne et al. (2011)
investigated the stability of hypochlorite solutions, which generally stable for as long as
19 months but were found to be drastically reduced in concentration after direct sunlight
exposure. This finding suggests that good storage practices will be very important in
Indonesia, as the traditional water storage systems include earthenware jars and
uncovered containers placed in direct sunlight. Their study also showed that there were
variations in the quality and stability of hypochlorite solutions, some of which had a
chlorine concentration much lower than expected. This may show serious risks of
improper dosing in Indonesia, where chlorine product qualities can vary and household
usages or expiration dates are not always followed.

These success stories have made the stability of chlorine solution paramount in
Indonesian household water treatment. A variety of conditions related to storage,
transport, and accessibility of information for proper handling and utilization pre- and
post-application determine its stability and effectiveness as a disinfectant to safely
provide drinking water. There is most definitely a need for public education campaigns
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and community involvement to raise awareness and stimulate proper practices in
optimizing benefits from chlorination.

Comparison with alternative household water disinfection methods

While this review focuses on chlorination, it is essential to acknowledge the existence of
alternative household water treatment and disinfection methods, each with its own set of
advantages and disadvantages. These alternatives include:

1. Filtration

Various filtration technologies, such as ceramic filters, biosand filters, and membrane
filters, are available for household use. These filters can effectively remove suspended
solids, bacteria, and protozoa, but their efficacy in removing viruses may vary depending
on the filter type and pore size (Dandadzi and Kothurkar, 2023). However, filtration is
used for all waters regardless of their nature (Awang Nasrizal et al., 2023).

2. UV irradiation

Ultraviolet (UV) irradiation can inactivate a wide range of pathogens, including bacteria,
viruses, and protozoa. However, the effectiveness of UV treatment can be affected by
water turbidity and the presence of dissolved organic matter, which can absorb UV light
and reduce its disinfecting power (Ashok and Khedikar, 2016).

3. Solar disinfection

Solar disinfection, also known as SODIS, involves exposing water to sunlight in clear
plastic bottles for several hours. This method can effectively inactivate bacteria and
viruses, but its efficacy against protozoa is limited (Burch and Thomas, 1998). Water
production is also possible through the use of solar-based methods, such as solar
distillation. It is especially recommended for isolated and remote areas (Zioui et al.,
2015).

4. Boiling

Heating water to a rolling boil for one minute can effectively kill most harmful pathogens.
However, boiling requires a reliable source of fuel or electricity, which may not be readily
available in all communities (Nicole, 2021).

To provide a clearer comparison of these methods, Table 2 summarizes the effectiveness,
cost, ease of use, sustainability, and user acceptance of each method, including
chlorination.
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Table 2: Comparing Chlorination with Alternatives

s . . uv Solar -
Feature Chlorination Filtration Irradiation  Disinfection Boiling
Effectiveness  Effective Effective Effective Effective Effective
against against against a against against
bacteria and bacteria and wide range  bacteria and most
viruses, less protozoa, of viruses, less pathogens
effective efficacy pathogens effective
against some against against
protozoa viruses varies protozoa
Cost Low Moderate to Moderate to  Low Moderate
high high (depending
(depending (depending on fuel
on filter on system) source)
type)

Ease of Use  Simple to use,  Simple to Requires Requires Requires
requires use, requires  electricity sunlight and fuel or
correct dosage  regular or batteries ~ exposure electricity
and contact cleaning and time
time maintenance

Sustainability ~Requires Requires Requires Requires Requires
continuous filter electricity sunlightand  fuel or
supply of replacement or batteries  plastic electricity
chlorine or bottles

regeneration
User Can be Generally, Generally, Generally, Generally,

Acceptance  affected by well accepted  well well accepted  well

taste and odor accepted accepted

issues

The choice of the most appropriate household, even drinking water, disinfection method
depends on various factors, including the specific context, water quality, pathogen risks,
user preferences, and resource availability (Gaouar and Gaouar, 2016; Achour and
Chabbi, 2017; Yadav et al., 2024). In Indonesia, where water quality varies significantly
and access to resources may be limited, a combination of methods or a multi-barrier
approach may be most effective in ensuring safe drinking water.

In addition to the methods mentioned above, the USEPA (1999) provides a
comprehensive guidance manual on alternative disinfectants and oxidants for water
treatment. This manual explores a range of options, including ozone, chlorine dioxide,
and chloramines, each with its own set of advantages and disadvantages in terms of
effectiveness, cost, and potential by-products. The USEPA manual also provides
guidance on the selection and implementation of appropriate disinfection methods based
on site-specific conditions, such as water quality and pathogen risks.
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For larger-scale water treatment systems, advanced oxidation processes (AOPs) may be
more suitable. AOPs involve the generation of highly reactive hydroxyl radicals, which
can effectively degrade a wide range of organic pollutants and inactivate pathogens
(Priyadarshini et al., 2022). However, AOPs typically require specialized equipment and
expertise, making them less practical for housechold-level implementation. Further
research could explore the potential of AOPs for community-level water treatment
systems in Indonesia, particularly in areas with high levels of contamination or limited
access to conventional treatment methods.

Disinfection By-Products

While chlorination effectively disinfects drinking water, it can also lead to the formation
of disinfection by-products (DBPs) (Hellal and Achour, 2016). These unwanted chemical
compounds are formed when chlorine reacts with natural organic matter (NOM) and other
precursors like bromide and iodide in the water (Mazhar et al., 2020; Xiao et al., 2024).
Some DBPs have been related to possible health risks; hence, a long-term consumption
of chlorinated drinking water is raised as a concern (Mishra et al., 2014). This issue has
been so relevant in Indonesia due to natural water sources (surface waters and shallow
wells) which have a high content of NOM as the consequence of heavy agricultural
runoff, poor treatment of wastewater, and certain areas having a population that is highly
condensed. High temperatures and strong sunlight in Indonesia's tropical climate increase
the potential formation of DBPs by the fast reaction between chlorine and NOM.

Many different kinds of DBPs can be formed during chlorination, and some might pose
health risks. Water quality, contact time, temperature, and pH are important factors
affecting the type and amount of DBPs formed in the process (Doederer et al., 2014; Xiao
et al., 2024). On the other hand, Indonesian studies also indicated that close to field
conditions, DBPs would not significantly exceed WHO guideline values for drinking
water, even with high-turbidity water (Kalita et al., 2024). It also insinuates from this that
generally, risks of DBPs could be managed with effective chlorination practices and
proper monitoring.

These findings notwithstanding, the concern about DBP formation and possible health
effects can still be a limiting factor in user compliance. In Indonesia, where knowledge
on DBPs and possible health implications may be limited, public education and
communication of such fears are very important in promoting widespread acceptance and
appropriate usage of chlorination for household water treatment.

According to Xiao et al. (2020), DBPs usually occur in drinking water at sub-ug-L—1 or
low to moderate ug-L—1 concentrations. In Indonesia, due to the widespread practice of
point-of-use water treatment, encouraging easy and inexpensive approaches that can be
implemented at household scales to reduce NOM concentrations prior to chlorination-for
example, using a simple cloth filter or simply settling the water-can often sufficiently
minimize DBP production.
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When DBPs do occur, their removal-activated carbon adsorption of organic compounds
following disinfection-typically becomes necessary (Ma et al., 2016). However, other
domestic water treatment options such as the removal of volatile DBPs are also possible
(Deng, 2021). Access to such options in Indonesia is very limited according to Daniel et
al. (2023), and Thsan and Derosya (2024). Thus, adsorption using locally available
material, for example charcoal and/or biochar, can offer the better access option for most
in developing nations.

Recent investigations into the efficiency of various HWTS methods — such as AC and
membrane filtration, boiling, UV lamps, cold storage, or a combination of these — for
DBP removal in drinking water have shown significant removal of trihalomethanes
(THMs) and haloacetic acids (HAAs) using all these methods except storage. It varies
according to the mechanism of purification and chemical characteristics of the target
DBPs (Xiao et al., 2020).

It is important to note that pathogens must not be compromised as the means of
controlling DBPs. Further research needs to be done on tradeoffs of chemical and
microbiological risks in household water treatment, especially in Indonesia where
exposure to both DBP and waterborne disease are plausible. This will also consider the
peculiarities and challenges of Indonesia regarding diverse sources of water, prevailing
types of pathogens, and various socioeconomic features that affect the way water
treatment technologies would reach these households.

Evaluation of household chlorination

Household chlorination programs necessarily have to be very uniquely assessed for their
effectiveness, since their success equates to safe drinking water and improvement in
public health. Being a country with many diverse geographical conditions, socio-
economic factors, and cultural practices, Indonesia requires a holistic approach in
evaluation.

The microbial water quality at the household level will need to be monitored regularly in
order to learn about the effectiveness of chlorination in reducing contamination. This is
possible through testing for indicator organisms such as E. coli or total coliforms
(Pachepsky et al., 2018). It is difficult to sustain consistent and appropriate monitoring in
Indonesia, particularly in rural areas with limited access to facilities and trained
personnel. Community-based monitoring and other approaches, including simple low-
cost test kits that can surmount such challenges, could be quite innovative. Another such
innovation is from Ramirez et al. (2023).

Free chlorine residual measurement in stored water is a means of ensuring that the
chlorine levels remain adequate to prevent recontamination (Murray and Lantagne, 2014).
However, FCR can dissipate quickly, especially in Indonesia's warm climate, where water
is often stored in open containers exposed to sunlight (Saboe et al., 2021). Frequent
measurement may be necessary, which can be challenging in household settings.
Moreover, effectiveness of chlorination may be improved by promoting correct storages
and raising awareness in users about the use and proper maintenance of FCRs.
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Proper dosage and contact time of chlorination, proper storage: this is how user
compliance could be measured. User compliance may also be affected by social and
cultural norms of Indonesia. People have traditional ways and beliefs regarding the
storing and treatment of water, which again is to be considered. It would be necessary to
foster appropriate use and alleviate concerns through effective communication and
community mobilization fitted within a particular cultural context.

This assessment of the impact of household chlorination on the incidence of waterborne
diseases is very important in the community. However, due to other various factors
influencing health improvement, such as sanitation and hygiene practices, it cannot be
solely attributed to chlorination (Solomon et al., 2020). In Indonesia, diarrheal diseases
are one of the biggest public health problems, and an integrated approach has to be
brought in between chlorination, improvement in sanitation, and hygiene.

Sustainability in household chlorination programs depends on many factors in the long
term, including product availability, chlorine affordability, local supply chains, and
continued user support and education. According to Crider et al. (2018), with access to
resources and markets sometimes varying greatly between and within regions in
Indonesia, ensuring access to chlorine products and ongoing support for users was critical
to program sustainability.

Strategies for effective implementation of household-based chlorination

In the scale-up of household chlorination programs, many factors are considered in an
attempt to ensure wide acceptance and correct use for effective and sustainable results.
The Indonesian context is culturally diverse with different socio-economic conditions,
each with its own geographical challenges that any successful implementation must take
into consideration. User acceptance and adherence need to be encouraged. Effective
communication strategies must consider local beliefs and practices. For example, in
Indonesia, where traditional water storage and handling practices may vary across
different communities, messages should be tailored to address specific concerns and
promote the benefits of chlorination in a culturally sensitive manner (Engel, 2021; Vel et
al., 2022). Community engagement is also vital, involving local leaders and community
members in program design and implementation. Participatory approaches can help in
building trust and ownership, ensuring the program falls within the realm of community
needs and preferences.

Meanwhile, improving access to adoption barriers plays a key role. Cost is typically the
major barrier for households throughout Indonesia, especially in more rural areas; thus,
access to chlorine products has been a challenge, and considering either subsidies or
alternative ways of financing is critical (Ye and Dela, 2023). Furthermore, the
accessibility of chlorine products is also important through access via local markets and
different channels of distribution. For example, perceived taste and odor nuisance can be
balanced with practical demonstrations and community education programs that show
just how easy and convenient chlorination can be.
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Selection of chlorine products is another step in careful choosing. Commercial chlorine-
based products, like WaterGuard, are normally of good quality commercially; however,
they usually sell with fixed-dose systems and thus require certain container sizes for this
purpose (Mazhar et al., 2020; Mohamed et al., 2015). This is not constantly available in
Indonesian households in the required doses (Irianti et al., 2016). These cases would,
therefore, result in underdosage or a stoppage of disinfection altogether. This barrier can
be overcome through the promotion of more flexible dosing methods, such as tablets and
liquid chlorine, with easy-to-understand instructions and measuring aids.

In some Indonesian communities, concentrated NaOCI is purchased from a wholesaler,
diluted, and then sold in smaller quantities. Although this may constitute a positive
development toward greater access, unless the practice is carefully regulated and
monitored, the potential for dosing and handling errors may pose some level of risk. This
may better be accomplished through increased quality control and the training of vendors
on appropriate dilution and handling techniques.

For many parts of Indonesia, locally produced chlorine solutions may be more available.
However, they are always of inferior quality and stability when compared to commercial
products. Capacities building and technology transfer supporting local production could
raise the quality and consistency of such solutions in view of safety and efficacy
assurance.

Other keys to successful implementation involve trying to bridge the gap between
research interventions and reality. In Indonesia, consistent chlorination practices have
proved to be a challenge, underlined by inconsistent use and under-dosing, especially
when people use both untreated and treated water (Fagerli et al., 2017). Support and
education for users become important to be continuously upheld, especially in the cases
of chlorination techniques, doses, time of contact, and storage.

Lastly, the integration of chlorination with other WASH interventions would facilitate
comprehensive measures for improving safety in relation to water and public health.
According to Lantagne et al. (2011) chlorination needs to be done alongside
improvements in hygiene and sanitation practices and, therefore, may be expected to add
value in countries such as Indonesia, where diarrheal disease burden still remains very
high, in an additive manner. Addressing these factors and appropriately tailoring the
interventions to the specific needs and challenges in Indonesia would make household
chlorination programs more effective in their provision of safe drinking water and
improve public health outcomes.

Efficiency, compliance, and sustainability of household chlorination

Household chlorination can be a very strong tool in combating waterborne diseases, but
access to safe drinking water remains a challenge in countries like Indonesia. However,
the long-term success of household chlorination programs depends on a delicate balance
of factors: efficiency of chlorination in eliminating pathogens, consistent user compliance
with treatment protocols, and overall sustainability of these initiatives within diverse
social and environmental contexts (Cheung, 2017).
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The effectiveness of chlorination for ensuring safe drinking water is dependent on the
type and concentration of chlorine applied, the contact time with water, the pH and
temperature of the water, and the types of pathogens involved. All these variables must
be put into great consideration to reach an optimum efficiency. For instance, although
higher concentrations of chlorine and longer periods of contact generally increase
pathogen inactivation, exceeding the safe limits may result in taste and odor problems
that are undesirable and may discourage user acceptance (Bloodgood et al., 2022).
Resistance among different pathogens to chlorine disinfection also varies. In addition,
protozoa like Cryptosporidium, a common cause of diarrheal illness in Indonesia, are
particularly resilient and may require higher dosage or increased contact times for
complete inactivation to take place (Wijayanti, 2017). This again emphasizes that
different approaches will be necessary to ensure the removal of all relevant pathogens in
any particular context.

In Indonesia, raw water quality can greatly affect how well chlorination works. Sources
throughout the archipelago range from pristine springs in mountainous regions to highly
contaminated rivers in crowded cities. High turbidity and organic content, as might occur
in surface sources commonly used in rural Indonesia, lowers the effectiveness of chlorine
either by shielding pathogens or by consuming free chlorine. Consequently, the
determination of water quality is a pre-requisite before the chlorination programs are
undertaken, and pre-treatment processes such as filtration or sedimentation should be
done where necessary. Efficiency may also be affected by the choice of chlorine product.
Commonly used in Indonesia include sodium hypochlorite (NaOCI) and calcium
hypochlorite (Ca(ClO),;) (Zubir et al., 2020). NaOCI is widely used for household
applications; it is easy to use and readily available. Still, its stability depends too much
on storage conditions or even exposure to sunlight. On the other hand, Ca(ClO); is pretty
stable but requires much careful handling and may result in a residue in the water treated.
The appropriate choice of chlorine product should consider many factors: cost, the
accessibility of the products and user preferences, and also all the water quality
conditions.

Even the best designed chlorination program will fail if users do not apply the treatment
consistently and correctly. Chlorination of water at the point of use has been shown to
reduce the risk of diarrhea in children (Ercumen et al., 2015; Solomon et al., 2020).
However, past field studies show that adopting and consistently using chlorination has
been a challenge. If chlorination is carried out regularly, but users do not consistently
drink the treated water (e.g., consuming untreated water outside the home), compliance
will remain low, so the health effects will also be low or non-existent (Murray et al.,
2020). User compliance is crucial for ensuring that water remains safe throughout storage
and consumption. Precious factors that might influence compliance may include
knowledge and understanding about how chlorination is done, availability of resources
and enabling support, cultural beliefs about handling water, and any perceived benefits or
risks due to the treatment. Cultural practices and beliefs in dealing with water vary across
communities in Indonesia, and consideration must be given to these perceived factors for
effective promotion of consistent and proper chlorine application. For instance, the
traditional methods of storing water, like earthenware jars or uncovered containers, have
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to be replaced to maintain the effectiveness and safety of chlorinated water (Manga et al.,
2021).

The socio-economic status serves to either motivate compliance. Income constraint,
limited literacy rate, and insufficient access to information becomes an obstacle toward
adoption and maintaining chlorination (Crider et al., 2023; Locher et al., 2024).
Considering income and educational equality, a strategic approach would have to include
targeted interventions in order not to miss these vulnerable groups, and availing them an
equal opportunity to enjoy safe water in Indonesia. Geographical settings also represent
a factor that can favor or be used against it. Indonesia's vast archipelago poses logistical
challenges in ensuring access to chlorine products and providing support to remote
communities. Establishing efficient supply chains and strengthening local capacity for
chlorine production and distribution are essential for promoting program sustainability
(Murray et al., 2020).

There is also the issue of long-term sustainability. Long-term sustainability of household
chlorination programs faces various challenges to be overcome, including ensuring
reliable supplies of subsidized but high-quality chlorine products, mainly in the most
remote areas of Indonesia, maintenance of users' motivation, ongoing support through
education, integration of chlorination into larger WASH initiatives, that has its synergies,
hence offering a contribution to sustainability as expressed by Bricefio et al. (2017). For
example, considering chlorination together with the promotion of hygiene practices, it
would enhance sanitation facilities as a better way of reducing resultant burden from
waterborne diseases, as Locher et al. (2024) have asserted.

Indonesia has carried out several efforts to scale up household water treatment through
chlorination. The PAMSIMAS program was one of those community-based water supply
and sanitation programs where chlorination was one of the key interventions to scale up
access to safe drinking water in rural areas. While PAMSIMAS has achieved considerable
success in increasing access to safe water, challenges remain in ensuring consistent
chlorination practices and long-term sustainability (Bulo et al., 2024;
Data.worldbank.org, 2019). Factors such as community ownership, local capacity
building, and integration with other WASH interventions are crucial for the program's
continued success. Other studies in Indonesia have explored the effectiveness of different
chlorination methods and approaches to promoting user compliance.

Additional recommendations that may be considered to further improve efficiency,
compliance, and sustainability of household chlorination programs in Indonesia include:
community engagement in and ownership of the program should be strengthened; assure
access to quality-assured chlorine products through efficient supply chains, including
local production initiatives; ongoing support and education of users, including training on
proper chlorination techniques, dosage, contact time, and safe storage practices;
chlorination should be integrated into broader WASH interventions as a holistic approach
to improving water safety and public health; and further research is needed to ascertain
the effectiveness of various methods of chlorination, thus identifying factors influencing
the outcomes of such programs in Indonesia. By learning from the successful and
unsuccessful programs and adjustment of interventions to fit the needs and challenges in
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particular settings, Indonesia can better tap into the benefits contributed by household
chlorination toward improvement in public health while ensuring access to quality
drinking water for all citizens.

Barriers and drivers for adequate implementation

Household chlorination can bring about significant improvements in public health,
especially in Indonesia, by reducing the burden of waterborne diseases. Realizing this
potential will require a more complex understanding of both the barriers to and the drivers
of successful implementation. Chlorination has indeed been one of the most effective
methods of disinfecting drinking water; however, there are its own limitations.
Chlorination is effective under only certain conditions, and inappropriate practices or
discontinued use often leads to low efficiency in the field. Past research has addressed
issues of water quality and the presence of FCR rather than actual chlorination practices
in the field (Ihsan and Derosya, 2024). This has resulted in no clarity on whether reported
failures are due to user-dependent factors-such as too short contact time, wrong dosage-
or from factors independent of users, including high chlorine demand, poor product
quality, or posttreatment recontamination. Further research will be needed to address
these knowledge gaps with a view to informing interventions.

The main barriers to successful implementation include a lack of awareness and
knowledge about the importance of water treatment and the benefits of chlorination.
There are also misconceptions about chlorine safety and efficacy (Crider et al., 2018). It
would also involve targeted education and awareness campaigns in Indonesia, due to the
traditional practices and beliefs concerning water being different from one community to
another, to address such knowledge gaps and promote acceptance of chlorination. This
would entail clearing any myth or rumor concerning the toxicity of chlorine, especially
in those areas where water is associated with some kind of healing power or spiritual
significance.

The other most important barrier is accessibility and affordability. Inaccessibility to
chlorine products because of remoteness, and the unaffordability of chlorine, may reduce
adoption (Crider et al., 2023). Given the socio-economic disparities in Indonesia, access
to chlorine products at an affordable cost must be equitably provided either by
strengthening supply chains, subsidizing the cost of chlorine, or encouraging local
production initiatives. It is worth mentioning that, whereas generally in a very
inexpensive category, chlorine products will need to be replaced constantly and that need
and frequent replacement requirement is considered an added cost to poor households,
and may prevent adoption in the long term.

Even where chlorine is available and not prohibitively expensive, user compliance may
be problematic. Poor or inconsistent use due to lack of knowledge, motivation, or
perceived inconvenience will reduce effectiveness in chlorination programs. Promotion
of user compliance in Indonesia, where cultural practices and beliefs in the handling of
water may vary, promoting user compliance requires culturally sensitive approaches with
ongoing support and education. This includes the lack of motivation among some people
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to do chlorination, even though they are aware of the advantages (Inungu et al., 2016).
This can be addressed through long-term health benefits, simplification of the
chlorination process, and building trust in testimonials and community involvement.
Misconceptions of the correct procedures, including proper dosage and contact time,
further render chlorination ineffective, thus discouraging its continued use. Clear and
simple instructions, practical demonstrations, and ongoing support can considerably
improve the level of understanding and compliance. This is most critical in Indonesia,
where, with a variety of chlorine products available and different storage container sizes,
the opportunity for incorrect dosing-meaning less effective chlorination-is increased.

Water quality is another critical factor for successful chlorination programs. High
turbidity or organic content in water sources can reduce the efficacy of chlorine and may
call for higher doses or additional pre-treatment steps (Léziart et al., 2019). In Indonesia,
given that many communities rely on surface water sources that are prone to
contamination, addressing the challenges of water quality is of prime importance to
ensure that chlorination works effectively. Moreover, if treated water is not well stored,
its recontamination can easily happen and cancel the chlorination effectiveness (Noh et
al., 2016; Xiao et al., 2020). Safe storage and recommended container use are especially
needed in Indonesia, as traditional ways of storing water are not always effective in
helping to maintain its quality.

Other limiting factors include the acceptability of chlorinated water. At higher
concentrations, the taste and odor of chlorine are unfamiliar or displeasing to some. That
is very relevant in Indonesia because most people are unaccustomed to the taste of
chlorinated water due to the fact that their application is not usual in public water supplies.
This barrier might be addressed with optimization of chlorine dosages to minimize taste
and odor problems (Crider et al., 2018), the promotion of alternative POU methods which
have a less obvious sensory effect, or public education campaigns to make people familiar
with the taste of chlorinated water and emphasize its safety (Ercumen et al., 2015; Thsan
et al., 2023, 2024; Johan et al., 2023).

On the other hand, some factors can be considered drivers for the successful
implementation of household chlorination programs. This may include strong
government commitment to supportive policies such as subsidy inclusion for chlorine
products into national WASH programs or regulations regarding water quality monitoring
that could help in the wide-scale adoption of services. Communities that are involved in
the design and implementation process can take ownership of such a program and make
it more sustainable. In Indonesia, with very strong community networks, leveraging the
same for promoting chlorination and empowering communities to take charge of their
water safety often works wonders. Clear and culturally appropriate communication
strategies that emphasize benefits of chlorination and address concerns will promote user
acceptance and compliance. In Indonesia, due to the existence of diverse languages and
cultural practices, the communication messages need to be tailored to different audiences.
Collaboration among government agencies, NGOs, private sector actors, and research
institutions can strengthen these programs by making them more sustainable. Since
Indonesia is the country where a quite good number of organizations work in the WASH
sector, partnership can leverage resources and expertise in the better reach and impact of
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the chlorination program. Finally, regular monitoring of water quality, user compliance,
and health outcomes can provide valuable feedback for program improvement and
demonstrate the impact of chlorination. In Indonesia, with generally limited data on both
waterborne diseases and chlorination practices, strengthening its monitoring and
evaluation systems can provide valuable insights for program planning and decision-
making.

CONCLUSIONS

Household chlorination can offer a promising solution to the lingering problem of
waterborne diseases in Indonesia. It has been an important component in upgrading water
quality at the point of use, especially when access to safe drinking water is limited.
Success or failure of such programs is influenced by many interacting factors, including
water quality, pathogen resistance, chlorine stability, disinfection by-product formation,
user compliance, and socioeconomic and cultural influences.

The major issue identified is, in fact, high users' dependence for efficient disinfection.
The technological approach, taking into consideration such water quality and organic
matter content to avoid unwanted taste and odor and DBPs, requires much accuracy in
applying the right dose. This emphasizes correct dosing strategy that might be
implemented according to the water source type and points forward to the importance of
end-user education and support for implementing chlorine correctly.

Additionally, some of the key challenges for the implementation of household
chlorination programs in Indonesia included: variation in the quality of the source water,
the presence of chlorine-resistant pathogens, maintenance of the stability of chlorine in a
tropical climate such as that of Indonesia, health concerns arising from the formation of
disinfection by-products, and assurance of user compliance and long-term program
sustainability. These call for a multidimensional approach that incorporates the peculiar
environmental, social, and economic contexts of Indonesia.

Although it is the best, cheapest, easiest, and most accessible household water treatment
intervention, low compliance with chlorination is still a major challenge facing Indonesia,
especially within the rural areas. Poor compliance among end-users usually emanates due
to lack of motivation; this sets in the need to explore user behavior change coupled with
water quality awareness to minimize risks of consuming untreated water. This emphasizes
that access to chlorine is not enough but rather ownership and the sense of responsibility
by the community for their own water safety.

Analysis of the current chlorination practices at households reveals that though chlorine
is well recognized as a classic disinfection method, its application is not effective in
practice. This therefore, calls for addressing implementation barriers, consistent and
correct use of chlorine at household level with appropriate communication strategies,
continued support and education, linking of chlorination with WASH initiatives.
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Still, there are a few opposing circumstances to better the efficacy of HCC at scale in
Indonesia. Indeed, community involvement and ownership create opportunities for
appropriate and sustained adoption of chlorination. Improve access to quality-assured
chlorine products through reliable supply chains and local production initiatives-
availability assured even at deeper levels. Long-term support will be required to advance
appropriate technologies, help address concerns, and sustain motivation. It was learned
that chlorination acts synergistically with other WASH improvements, such as sanitation
and hygiene practices, to reduce the burden of waterborne diseases. Finally, further
research is needed to evaluate different chlorination methods and identify factors
influencing program success in the Indonesian context.

In conclusion, while chlorination has shown to be effective for household water
disinfection, it is essential to acknowledge its limitations and the potential of alternative
methods. The choice of the most suitable method should consider various factors,
including cost, ease of use, effectiveness against different pathogens, and local context.
In Indonesia, where water quality and access to resources vary significantly, a
combination of methods or a multi-barrier approach may be most effective in ensuring
safe drinking water. Further research is needed to address the challenges of user
compliance and program sustainability, and to optimize chlorination practices for the
Indonesian context.

Declaration of competing interest

The author declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

Acknowledgments

The author would like to express their gratitude to the Department of Environmental
Engineering, Faculty of Engineering, Universitas Andalas, Indonesia, as well as all others
involved in the realization of this study.

REFERENCES

ACHOUR, S., AFOUFOU F., GUERGAZI, S. (2002). Effect of reaction parameters on
the oxidation of humic substances by chlorine and potassium permanganate, Larhyss
Journal, No 1, pp. 97-106. (In French)

ACHOUR S., GUERGAZI S. (2003). Effect of metal salts on the chlorination of humic
substances in distilled water, Larhyss Journal, No 2, pp. 105-113. (In French)

ACHOUR 8., GUERGAZI S., GUESBAYA N., SEGHAIRI N., YOUCEF L., (2002).
Impact of chlorination, flocculation and adsorption processes on the evolution of
organic and mineral compounds in natural waters, Larhyss Journal, No 1, pp. 107-
128. (In French)

76



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

ACHOUR S., CHABBI F. (2014). Disinfection of drinking water-constraints and
optimization perspectives in Algeria, Larhyss Journal, No 19, pp. 193-212.

ACHOUR S., BENTAHAR H.D., KHELILI H. (2016). Action of sodium hypochlorite
on chlorine consumption of gallic acid in natural waters, Larhyss Journal, No 25, pp.
309-322. (In French)

ACHOUR S., CHABBIF. (2017). Study of oxidation/disinfection steps of treatment plant
of Ain Tinn (Mila, eastern Algeria), Larhyss Journal, No 31, pp. 233-247. (In French)

ACHOUR S., BENALIA M.C., HELLAL A. (2018). Chlorination of aquatic humic
matter and impact of the presence of ammonium ions, Larhyss Journal, No 33, pp.
141-153. (In French)

ACHOUR S., MODJAD H., HELLAL H., KELILI H. (2019). Optimization tests of
clarification and disinfection processes of water dam of Khenchela area (eastern
Algeria), Larhyss Journal, No 37, pp. 151-174. (In French)

AFOUFOU F., ACHOUR S. (2002). The effect of preoxydation by chlorine and
permanganate of potassium on the removal of humic substances by flocculation,
Larhyss Journal, No 1, pp. 87-96. (In French)

AFOUFOU F., ACHOUR S. (2003). Application of the combined pre-
oxidation/coagulation-post-chlorination process to the water of the Ain Zada dam,
Setif, Larhyss Journal, No 2, pp. 91-103. (In French)

AGRAWAL V.K., BHALWAR R. (2009). Household Water Purification: Low-Cost
Interventions, Medical Journal, Armed Forces India, Vol. 65, Issue 3, pp. 260-263.
https://doi.org/https://doi.org/10.1016/S0377-1237(09)80019-1.

ALMHOJID U.S., LEHRKINDER A., ROOS-JANSAKER A.M., LINGSTROM P.
(2023). Antimicrobial efficacy of chlorine agents against selected oral pathogens,
Clinical Oral Investigations, Vol. 27, Issue 9, pp. 5695-5707.
https://doi.org/https://doi.org/10.1007/s00784-023-05190-0.

AMADOU H., LAOUALI M.S., MANZOLA A. (2014). Physico-chemical and
bacteriological analyzes of waters of three aquifers in the Tillabery region: application
of multi-varied statistical analysis methods, Larhyss Journal, No 20, pp. 25-41. (In
French)

AROUA-BERKAT S., AROUA N. (2022). Opportunities and challenges for wastewater
reuse in Algeria, Larhyss Journal, No 51, pp. 7-17.

AROUA N. (2023). Setting out urban water issues examples from Algeria and worldwide,
Larhyss Journal, No 56, pp. 309-327.

ASHOK A., KHEDIKAR 1. (2016). Overview of Water Disinfection by UV
Technology—A Review, International Journal of Science Technology & Engineering,
Vol. 2, Issue 9, pp 213-219.

77



Thsan T. | Larhyss Journal, 63 (2025), 55-88

AW S., N°GORAN E.B.Z., KOFFI G.A.R., ASSIDJO N.E. (2016). Studying fluorescent
dissolved organic matter (FDOM) from Yamoussoukro lakes (Cote d'Ivoire) using the
parallel factors analysis (PARAFAC), Larhyss Journal, No 26, pp. 31-44. (In French)

AW S., SAVADOGO I., OGA Y. M.S., COULIBALY M.R. (2024). Contribution of ion
exchange processes in the elimination of nitrates contained in the waters of the
Abidjan aquifer (south Cote d’Ivoire), Larhyss Journal, No 60, pp. 7-25.

AWANG NASRIZAL A.A., FARZANA W., SAAD 1., BOLONG N. (2023). Carbonized
coconut shell media applicability for stormwater pollution control, Larhyss Journal,
No 54, pp. 43-52.

BABA HAMED S. (2021). Impact of water pollution on public health and the
environment in Oran, Larhyss Journal, No 45, pp. 203-222.

BIELEFELDT R.A. (2010). Appropriate and sustainable water disinfection methods for
developing communities, In: Water Disinfection, Chapter2, Nova Science Publishers,
USA.

BLACK R.E., PERIN J., YEUNG D., RAJEEV T., ELWOOD S.E. (2022). Estimated
global and regional causes of deaths from diarrhoea in children younger than 5 years
during 2000-21: a systematic review and Bayesian multinomial analysis, The Lancet
Global Health, Vol. 12, Issue 6, pp. 919-928.
https://doi.org/10.1016/S2214-109X(24)00078-0.

BLOODGOOD M.A., CHOWDARY S.A., GRANGER C.O., RICHARDSON S.D.
(2022). A balancing act: Optimizing free chlorine contact time to minimize iodo-
DBPs, NDMA, and regulated DBPs in chloraminated drinking water, Journal of
Environmental Sciences, Vol. 117, pp. 315-325.
https://doi.org/https://doi.org/10.1016/j.jes.2022.05.024

BOUBOU-BOUZIANI N. (2015). The energy challenge: the other aspect of the water
issue, Larhyss Journal, No 22, pp. 109-122. (In French)

BRICENO B., COVILLE A., GERTLER P., MARTINEZ S. (2017). Are there synergies
from combining hygiene and sanitation promotion campaigns: Evidence from a large-
scale cluster-randomized trial in rural Tanzania, PLOS One, Vol. 12, Issue 11, Paper
ID e0186228.
https://doi.org/10.1371/journal.pone.0186228

BULO M.AM., EKAYANI A.D., DOLONTELIDE M.C. (2024). Implementation of
PAMSIMAS in Supporting the Achievement of SDGs 6 in Indonesia, Innovative:
Journal of Social Science Research, Vol. 4, Issue 4 SE-Articles, pp. 10269-10281.
https://doi.org/10.31004/innovative.v4i4.13847

BURCH J.D., THOMAS K.E. (1998). Water disinfection for developing countries and
potential for solar thermal pasteurization, Solar Energy, Vol. 64, Issues 1-3, pp. 87—
97.

78



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

CHADEE A.A., RATHORE K., CHOUDHARY L.A., VERMA S., MEHTA D. (2024).
The Korba coal mining zone in India assessment of risk health and pollutant sources,
Larhyss Journal, No 60, pp. 113-131.

CHEUNG P. (2017). A historical review of the benefits and hypothetical risks of
disinfecting drinking water by chlorination, Journal of Environment & Ecology, Vol.
8, Issue 1, pp. 73—140.
https://doi.org/10.5296/jee.v8il.11338

CLASEN T., EDMONDSON P. (2006). Sodium dichloroisocyanurate (NaDCC) tablets
as an alternative to sodium hypochlorite for the routine treatment of drinking water at
the household level, International Journal of Hygiene and Environmental Health, Vol.
209, Issue 2, pp. 173—-181.
https://doi.org/https://doi.org/10.1016/].ijheh.2005.11.004

CRIDER Y.S., TSUCHIYA M., MUKUNDWA M., RAY I., PICKERING A.J. (2023).
Adoption of Point-of-Use Chlorination for Household Drinking Water Treatment: A
Systematic Review, Environmental Health Perspectives, Vol. 131, Issue 1, Paper ID
16001.
https://doi.org/10.1289/EHP10839

CRIDER Y.S., UNICOMB L., DAVIS J., LUBY S.P., PICKERING A.J. (2018). Can you
taste it? Taste detection and acceptability thresholds for chlorine residual in drinking
water in Dhaka, Bangladesh, Science of The Total Environment, Vol. 613-614, pp.
840-846.
https://doi.org/https://doi.org/10.1016/].scitotenv.2017.09.135

DANDADZI P., KOTHURKAR N. K. (2023). Assessing the sustainability of biosand
filters: Unveiling interlinkages and leveraging factors for effective implementation,
Environmental and Sustainability Indicators, Vol. 20, Paper ID 100311.
https://doi.org/10.1016/j.indic.2023.100311

DANIEL D., QAIMAMUNAZZALA H., PADMAWATI R.S. (2023). Household
drinking water treatment in rural Indonesia: actual practice, determinants, and
drinking water quality, Journal of Water, Sanitation and Hygiene for Development,
Vol. 13, Issue 3, pp. 208-217.
https://doi.org/10.2166/washdev.2023.215

DATA.WORLDBANK.ORG. (2019). The Pamsimas (Community Based Drinking
Water Supply and Sanitation) program has helped Indonesia’s low-income rural and
peri-urban population, spread across almost.
https://www.worldbank.org/en/results/2019/07/29/indonesia-expanding-access-to-
clean-water-for-the-rural-poor#:~:text=The PAMSIMAS %28Penyediaan Air Minum
dan Sanitasi Berbasis,improved water supply to 17.2 million people%2C

DENG Y. (2021). Making Waves: Principles for the Design of Sustainable Household
Water Treatment, Water Research, Vol. 198, Paper ID 117151.
https://doi.org/https://doi.org/10.1016/j.watres.2021.117151

79



Thsan T. | Larhyss Journal, 63 (2025), 55-88

DEWANGAN S.K., TOPPO D.N., KUJUR A. (2023). Investigating the Impact of pH
Levels on Water Quality : An Experimental Approach, International Journal for
Research in Applied Science & Engineering Technology, Vol. 11, Issue 9, pp 1-7.

DIALLO A.D., IBNO NAMR K., N°'DIAYE A.D., GARMES H., KANKOU M. (2014).
The interest of statistical analysis methods in the management of monitoring the
physico-chemical quality of water on the right bank of the Senegal river, Larhyss
Journal, No 17, pp. 101-114. (In French)

DOEDERER K., GERNJAK W., WEINBERG H.S., FARRE M.J. (2014). Factors
affecting the formation of disinfection by-products during chlorination and
chloramination of secondary effluent for the production of high quality recycled
water, Water Research, Vol. 48, pp. 218-228.
https://doi.org/https://doi.org/10.1016/j.watres.2013.09.034

DOUHRI H., RAISSOUNI 1., TAZI S., DOUHRI B. (2015). Effect of house storage on
water’s quality in rural areas of Tangier-Tetuan region (Morocco), Larhyss Journal,
No 24, pp. 301-314.

ENGEL P. (2021). Applicability of traditional storage methods in Indonesia for today’s
conservation practice, IFLA Journal, Vol. 48, Issue 2, pp. 339-348.
https://doi.org/10.1177/03400352211023077

ERCUMEN A., NASER A.M., UNICOMB L., COLFORD J.M.J., LUBY S.P. (2015).
Effects of source- versus household contamination of tubewell water on child diarrhea
in rural Bangladesh: a randomized controlled trial, PLOS One, Vol. 10, Issue 3, Paper
ID e0121907.
https://doi.org/10.1371/journal.pone.0121907

FAGERLI K., TRIVEDI K.K., SODHA S.V., DELEA K.C. (2017). Comparison of
boiling and chlorination on the quality of stored drinking water and childhood
diarrhoea in Indonesian households, Epidemiology and Infection, Vol. 145, Issue 15,
pp- 3294-3302.
https://doi.org/10.1017/S0950268817002217

FAYE C. (2017). Water pollution challenges, a threat to public health: strengths and
weaknesses of water laws and policies in Senegal, Larhyss Journal, No 32, pp. 107-
126. (In French)

FENG C., XU Z., LI Y., ZHU N., WANG Z. (2021). Research progress on the
contamination status and control policy of Giardia and Cryptosporidium in drinking
water, Journal of Water, Sanitation and Hygiene for Development, Vol. 11, Issue 6,
pp. 867-886.
https://doi.org/10.2166/washdev.2021.151

GALLANDAT K., KOLUS R.C., JULIAN T.R., LANTAGNE D.S. (2021). A systematic
review of chlorine-based surface disinfection efficacy to inform recommendations
for low-resource outbreak settings, American Journal of Infection Control, Vol. 49,
Issue 1, pp. 90-103.

80



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

https://doi.org/10.1016/j.ajic.2020.05.014

GAOUAR Y.M., GAOUAR B.N. (2016). Best available technology assessment of three
existing processes in waste water treatment field, Larhyss Journal, No 27, pp. 105-
123.

GHERNAOUT D. (2018). Water Treatment Chlorination: An Updated Mechanistic
Insight Review, Chemistry Research Journal, Vol. 2, Issue 4, pp. 125-138.

GOHIL J.M., SURESH A.K. (2017). Chlorine attack on reverse osmosis membranes:
Mechanisms and mitigation strategies, Journal of Membrane Science, Vol. 541, pp.
108-126.
https://doi.org/https://doi.org/10.1016/j.memsci.2017.06.092

HARRAT N., ACHOUR 8. (2010). Physico-chemical pollution of dam waters in the El
Tarf region, impact on chlorination, Larhyss Journal, No 8, pp. 47-54. (In French)

HE Z., FAN X., JIN W., YIN S. (2023). Chlorine-resistant bacteria in drinking water:
Generation, identification and inactivation using ozone-based technologies, Journal
of Water Process Engineering, Vol. 53, Paper ID 103772.
https://doi.org/https://doi.org/10.1016/j.jwpe.2023.103772

HELLAL A., ACHOUR 8. (2016). Effect of nitrite ions on tyrosine reactivity during
Algerian surface water chlorination, Larhyss Journal, No 27, pp. 299-311. (In French)

HELLAL A., DJEDDOU M., LOUKAM I., HAMEED A.l., AL DALLAL J. (2023).
Predictive modeling of ozone dosing in drinking water treatment plant using deep
learning comparative study between deep neural networks and convolutional neural
networks, Larhyss Journal, No 55, pp. 145-159.

HOW Z.T., KRISTIANA 1., BUSETTI F., LINGE K.L., JOLL C.A. (2017). Organic
chloramines in chlorine-based disinfected water systems: A critical review, Journal of
Environmental Sciences, Vol. 58, pp. 2—18.
https://doi.org/https://doi.org/10.1016/j.jes.2017.05.025

IHSAN T., DEROSYA V. (2024). Drinking water problems in rural areas: Review of
point-of-use methods to improve water quality and public health, Larhyss Journal, No.
58, pp. 55-71.

IHSAN T., JOHAN E., FUKUGAICHI S., MITSUNOBU S., MATSUE N. (2024).
Innovative DIY drinking water disinfection for underserved communities, Science of
The Total Environment, Vol. 927, Paper ID 172257.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2024.172257

IHSAN T., JOHAN E., FUKUGAICHI S., MATSUE N. (2023). Enhancing rural
drinking water safety using an Mg—Al-type layered double hydroxide foil as a new
point-of-use disinfection tool, Journal of Water, Sanitation and Hygiene for
Development, Vol. 13, Issue 11, pp. 921-930.
https://doi.org/10.2166/washdev.2023.206

81



Thsan T. | Larhyss Journal, 63 (2025), 55-88

IKHSAN A.N., THOHIRA M.C., DANIEL D. (2022). Analysis of packaged drinking
water use in Indonesia in the last decades: trends, socio-economic determinants, and
safety aspect, Water Policy, Vol. 24, Issue 8, pp. 1287-1305.
https://doi.org/10.2166/wp.2022.048

ICAS (Indonesia central agency of statistics) (2024). Percentage of households having
access to clean drinking water sources by province.
https://www.bps.go.id/id/statistics-table/2/ODQ11zl=/persentase-rumah-tangga-
menurut-provinsi-dan-sumber-air-minum-layak.html (In Indonesian)

IMH (Indonesia ministry of health) (2023). National Action Plan for Pneumonia and
Diarrhea Control 2023-2030.
https://p2p.kemkes.go.id/wp-content/uploads/2023/12/NAPPD_2023-2030-
compressed.pdf (In Indonesian).

INUNGU J.N., ZINSOU C.E., MUSTAFA Y., SINGBO N. (2016). Factors Associated
with The Uptake of Sodium Dichloroisocyanurate (NADCC) Tablets ss Household
Water-Treatment Product Among Caregivers Of Children Under Five In Benin, West
Africa, Journal of Health and Human Services Administration, Vol. 39, Issue 1, pp.
122-141.

IRIANTI S., PRASETYOPUTRA P., SASIMARTOYO T.P. (2016). Determinants of
household drinking-water source in Indonesia: An analysis of the 2007 Indonesian
family life survey, Cogent Medicine, Vol. 3, Issue 1, Paper ID 1151143.
https://doi.org/10.1080/2331205X.2016.1151143

JAIN S., COSTA-MELO T.G., DOLABELLA S.S., LIU J. (2019). Current and emerging
tools for detecting protozoan cysts and oocysts in water, TrAC Trends in Analytical
Chemistry, Vol. 121, Paper ID 115695.
https://doi.org/https://doi.org/10.1016/j.trac.2019.115695

JOHAN E., ITHSAN T., FUKUGAICHI S., MATSUE N. (2023). Aluminum foil
immersed in alkalized seawater removes Escherichia coli from household drinking
water, Journal of Water, Sanitation and Hygiene for Development, Vol. 13, Issue 9,
pp. 681-686.
https://doi.org/10.2166/washdev.2023.057

KALITA 1., KAMILARIS A., HAVINGA P., REVA 1. (2024). Assessing the Health
Impact of Disinfection Byproducts in Drinking Water, ACS ES&T Water, Vol. 4,
Issue 4, pp. 1564-1578.
https://doi.org/10.1021/acsestwater.3c00664

KHELILI H., ACHOUR 8. (2015). Effect of coagulation-flocculation / post-chlorination
on the reactivity of pyromellitic acid and salicylic acid in distilled water, Larhyss
Journal, No 23, pp. 287-304. (In French)

KHELILI H., ACHOUR 8. (2017). Potentials and kinetics of chlorine consumption of
phthalic acid and phloroglucinol in distilled water, Larhyss Journal, No 32, pp. 245-
255. (In French)

82



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

KIM H., KIM S., KOO J. (2014). Prediction of Chlorine Concentration in Various
Hydraulic Conditions for a Pilot Scale Water Distribution System, Procedia
Engineering, Vol. 70, pp. 934-942.
https://doi.org/https://doi.org/10.1016/j.proeng.2014.02.104

KOULOUGHLI C.E., TELLI A. (2023). Modern water supply management techniques
and methods: A review, Larhyss Journal, No 55, pp. 7-23.

KWIO-TAMALE J.C., ONYUTHA C. (2024). Influence of physical and water quality
parameters on residual chlorine decay in water distribution network, Heliyon, Vol. 10,
Issue 10, Paper ID e30892.
https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e30892

LANREWAIJU A.A., ENITAN-FOLAMI A.M., SABIU S., SWALAHA F.M. (2022). A
review on disinfection methods for inactivation of waterborne viruses, Frontiers in
Microbiology, Vol. 13, pp. 99-106.
https://doi.org/10.3389/fmicb.2022.991856

LANTAGNE D., PRESTON K., BLANTON E. (2011). Hypochlorite Solution
Expiration and Stability in Household Water Treatment in Developing Countries,
Journal of Environmental Engineering, Vol. 137, Issue 2, pp. 131-136.
https://doi.org/10.1061/(ASCE)EE.1943-7870.0000299

LEE D., GIBSON J.M., BROWN J., HABTEWOLD J., MURPHY H.M. (2023). Burden
of disease from contaminated drinking water in countries with high access to safely
managed water: A systematic review, Water Research, Vol. 242, Paper ID 120244.
https://doi.org/https://doi.org/10.1016/j.watres.2023.120244

LEE K., LEE W. (2015). Effects of pH, Water Temperature and Chlorine Dosage on the
Formation of Disinfection Byproducts at Water Treatment Plant, Journal of Korean
Society Environmental Engineers, Vol. 37, Issue 9, pp. 505-510.
https://doi.org/10.4491/KSEE.2015.37.9.505

LEVY K., ANDERSON L., ROBB K.A., CEVALLOS W., ISENBERG J.N.S. (2014).
Household effectiveness vs. laboratory efficacy of point-of-use chlorination, Water
Research, Vol. 54, pp. 69-77.
https://doi.org/https://doi.org/10.1016/j.watres.2014.01.037

LEZIART T., DE LA ROCHERE D.P.M., CHESWICK R., NOCKER A. (2019). Effect
of turbidity on water disinfection by chlorination with the emphasis on humic acids
and chalk, Environmental Technology, Vol. 40, Issue 13, pp. 1734-1743.
https://doi.org/10.1080/09593330.2019.1585480

LOCHER J.M., ROBINSON D.T., CANU E.N., SANCHEZ G. (2024). Assessment of a
local and low-cost passive in- line chlorination device in rural Guatemala, PLOS
Water, Vol. 3, Issue 9, pp. 1-19.
https://doi.org/10.1371/journal.pwat.0000255

83



Thsan T. | Larhyss Journal, 63 (2025), 55-88

LU S., ZHANG G. (2022). Recent advances on inactivation of waterborne pathogenic
microorganisms by (photo) electrochemical oxidation processes: Design and
application strategies, Journal of Hazardous Materials, Vol. 431, Paper ID 128619.
https://doi.org/https://doi.org/10.1016/j.jhazmat.2022.128619

MA S., GAN Y., CHEN B., KRASNER S. (2016). Understanding and Exploring the
Potentials of Household Water Treatment Methods for Volatile Disinfection By-
Products Control: Kinetics, Mechanisms, and Influencing Factors, Journal of
Hazardous Materials, Vol. 321, pp. 509-516

MANGA M., NGOBI T.G., OKENY L., KIBWAMI N. (2021). The effect of household
storage tanks/vessels and user practices on the quality of water: a systematic review
of literature, Environmental Systems Research, Vol. 10, Issue 1, pp. 18-29.
https://doi.org/10.1186/s40068-021-00221-9

MAZHAR M.A., KHAN N.A., AHMED S., CHANGANI F. (2020). Chlorination
disinfection by-products in municipal drinking water — A review, Journal of Cleaner
Production, Vol. 273, Paper ID 123159.
https://doi.org/https://doi.org/10.1016/].jclepro.2020.123159

MEIERHOFER R., WIETLISBACH B., MATIKO C. (2019). Influence of container
cleanliness, container disinfection with chlorine, and container handling on
recontamination of water collected from a water kiosk in a Kenyan slum, Journal of
Water and Health, Vol. 17, Issue 2, pp. 308-317.
https://doi.org/10.2166/wh.2019.282

MESSAKH J.J., PUNUF D.A. (2020). Study on the accessibility of water sources to meet
the water needs of rural communities in semi-arid regions of Indonesia Study on the
accessibility of water sources to meet the water needs of rural communities in semi-
arid regions of Indonesia, IOP Conference Series: Earth and Environmental Science,
Vol. 426, Paper ID 012043.
https://doi.org/10.1088/1755-1315/426/1/012043

MISHRA B.K., GUPTA S.K., SINHA A. (2014). Human health risk analysis from
disinfection by-products (DBPs) in drinking and bathing water of some Indian cities,
Journal of Environmental Health Science & Engineering, Vol. 12, pp. 73-89.
https://doi.org/10.1186/2052-336X-12-73

MOHAMED H., BROWN J., NJEE R.M., CLASEN T., MBULIGWE S. (2015). Point-
of-use chlorination of turbid water: results from a field study in Tanzania, Journal of
Water and Health, Vol. 13, Issue 2, pp. 544-552.
https://doi.org/10.2166/wh.2014.001

MOHSENI M., MCBEAN E.A., RODRIGUEZ M.J. (2017). Chlorination of Drinking
Water — Scientific Evidence and Policy Implications - Water Policy and Governance
in Canada, Renzetti S., and Dupont D.P. Edition, pp. 357-373). Springer International
Publishing.
https://doi.org/10.1007/978-3-319-42806-2 19

84



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

MUMTHAJ AMM., DISSANAYAKA D.M.S.H., MOWJOOD M.IM. (2023).
Enhancement of phosphorous removal from wastewater using Murunkan clay mixed
media, Larhyss Journal, No 53, pp. 145-163.

MURRAY A.L., NAPOTNIK J., RAYNER J., LANTAGNE D. (2020). Evaluation of
consistent use, barriers to use, and microbiological effectiveness of three prototype
household water treatment technologies in Haiti, Kenya, and Nicaragua, Science of
The Total Environment, Vol. 718, Paper ID 134685.
https://doi.org/10.1016/j.scitotenv.2019.134685

MURRAY A.L., LANTAGNE D. (2014). Accuracy, precision, usability, and cost of free
chlorine residual testing methods, Journal of Water and Health, Vol. 13, Issue 1, pp.
79-90.
https://doi.org/10.2166/wh.2014.195

NICOLE W. (2021). A Better Way to Boil: Comparing Methods of Purifying Water at
Home, Environmental Health Perspectives, Vol. 129, Issue 4, Paper ID 44001.
https://doi.org/10.1289/EHP8921.

NOH Y., CHOI S., PARK J. (2016). A Review Study on Major Factors Influencing
Chlorine Disappearances in A Review Study on Major Factors Influencing Chlorine
Disappearances in Water Storage Tanks, Journal of Korean Society of Disaster and
Security, Vol. 9, Issue 2, pp. 63-75.
https://doi.org/10.21729/ksds.2016.9.2.63

NOUIRI I. (2017). Optimal design and management of chlorination in drinking water
networks : a multi-objective approach using Genetic Algorithms and the Pareto
optimality concept, Applied Water Science, Vol. 7, Issue 9, pp. 3527-3538.
https://doi.org/10.1007/s13201-017-0620-7

OUAHCHIA C., HAMAIDI-CHERGUI F., HAMAIDI M. S., SAIDI F. (2015).
Bacteriological quality of drinking water from different reservoirs and among
consumers of the town of Tipaza supplies by the Sidi Amar station from Boukourdane
surface water, Larhyss Journal, No 23, pp. 139-154. (In French)

PACHEPSKY Y.A., ALLENDE A., BOITHIAS L., CHO K. (2018). Microbial Water
Quality: Monitoring and Modeling, Journal of Environmental Quality, Vol. 47, Issue
5, pp. 931-938.
https://doi.org/https://doi.org/10.2134/jeq2018.07.0277

PANDEY P., MISHRA R., CHAUHAN R.K. (2022). Future prospects in the
implementation of a real-time smart water supply management and water quality
monitoring system, Larhyss Journal, No 51, pp. 237-252.

PRAJA R.K.,, NENGAH N., FATMAWATI D. (2023). The Existence of Vibrio Cholerae
in Indonesia: From Environmental to Clinical Aspects, A Concise Review, Journal of
Indonesia Emas, Vol. 4, pp. 1-8.
https://doi.org/10.52162/jie.2021.004.01.1

85



Thsan T. | Larhyss Journal, 63 (2025), 55-88

PRIYADARSHINI M., DAS I., GHANGREKAR M. M., BLANEY L. (2022). Advanced
oxidation processes: Performance, advantages, and scale-up of emerging
technologies, Journal of Environmental Management, Vol. 316, Paper ID 115295.
https://doi.org/10.1016/j.jenvman.2022.115295

PUSPITA T., DHARMAYANTI I, ANWAR A., IRIANTO J. (2023). Packaged drinking
water in Indonesia: The determinants of household in the selection and management
process, Journal of Water, Sanitation and Hygiene for Development, Vol. 13, Issue 7,
pp- 508-519.
https://doi.org/10.2166/washdev.2023.050

RAJASINGHAM A., HARDY C., KAMWAGA S., SEBUNYA K., MASSA K. (2019).
Evaluation of an Emergency Bulk Chlorination Project Targeting Drinking Water
Vendors in Cholera-Affected Wards of Dar es Salaam and Morogoro, Tanzania, The
American Journal of Tropical Medicine and Hygiene, Vol. 100, Issue 6, pp. 1335—
1341.
https://doi.org/10.4269/ajtmh.18-0734

RAMIREZ S.B., VAN MEERVELD I., SEIBERT J. (2023). Citizen science approaches
for water quality measurements, Science of The Total Environment, Vol. 897, Paper
ID 165436.
https://doi.org/https://doi.org/10.1016/].scitotenv.2023.165436

REDDY N.D., ELIAS A.J. (2021). Chlorine and the Chemistry of Disinfectants,
Resonance, Vol. 26, Issue 3, pp. 341-366.
https://doi.org/10.1007/s12045-021-1135-y

SABOE D., HRISTOVSKI K.D., HOFFMAN, D.A. (2021). Measurement of free
chlorine levels in water using potentiometric responses of biofilms and applications
for monitoring and managing the quality of potable water, Science of The Total
Environment, Vol. 766, Paper ID 144424,
https://doi.org/https://doi.org/10.1016/].scitotenv.2020.144424

SAHU S., SUPE J., RATHORE K., VERMA S., MEHTA D. (2024). An integrated
approach for evaluating water quality, Larhyss Journal, No 60, pp. 213-230.

SAID N.I. (2017). Disinfection for drinking water treatment processes, Jurnal Air
Indonesia, Vol. 3, Issue 1, pp. 15-28. (In Indonesian).

SOLOMON E.T., ROBELE S., KLOOS H., MENGISTIE B. (2020). Effect of household
water treatment with chlorine on diarrhea among children under the age of five years
in rural areas of Dire Dawa, eastern Ethiopia: a cluster randomized controlled trial,
Infectious Diseases of Poverty, Vol. 9, Issue 1, pp 64-79.
https://doi.org/10.1186/s40249-020-00680-9

TANOUAYI G., GNANDI K., AHOUDI H., OURO-SAMA K. (2015). Metal
contamination of surface and groundwater in the Hahotoe-Kpogame phosphate
mining area (southern Togo): the case of cadmium, lead, copper, and nickel, Larhyss
Journal, No 21, pp. 35-50. (In French)

86



Is chlorination the right solution for household water disinfection in Indonesia? A
critical review

UN (United nations) (2021). Human Rights to Water and Sanitation.
https://www.unwater.org/water-facts/human-rights-water-and-sanitation

USEPA (United States Environmental protection Agency Edition) (1999). Alternative
disinfectants and oxidants, Guidance Manual. EPA 815-R-99-014, USA.

VELJ., SASMITHA T., UTAMA J., ICHLAS H., BEDNER A. (2022). Law and Heritage
for Protecting Water Resources and Access to Water in Indonesia, Blue Papers, Vol.
1, Issue 2, pp. 12-23.

WANG M., ZHANG Y., NIU Z., MIAO Q., FU W. (2023). Study on the distribution
characteristics and metabolic mechanism of chlorine-resistant bacteria in indoor water
supply networks, Environmental Pollution, Vol. 328, Paper ID 121640.
https://doi.org/https://doi.org/10.1016/j.envpol.2023.121640

WANTASEN S., LUNTUNGAN J., KONERI R. (2022). Chlorine Concentration and
Phytoplankton Diversity in the Streams around Tondano Watershed, North Sulawesi,
Indonesia, Indonesian Journal of Science Education, Vol. 11, Issue 1, pp. 129-141.
https://doi.org/10.15294/jpii.v11i1.31601

WHO (2011). Evaluating household water treatment options Heath-based targets and
microbiological performance specifications, World Health Organization, Geneva,
Switzerland, 59 p.

WHO (2019). Results of Round II of the WHO International Scheme to Evaluate
Household Water Treatment Technologies, World Health Organization, Geneva,
Switzerland, 80 p.

WHO (World Health Organization). (2022). Guidelines for Drinking Water Quality, 4®
Edition incorporating the first and second addenda.

WHO (2023). (World Health Organization), Drinking water, Geneva, Switzerland, 58 p.

WIJAYANTI T. (2017). Cryptosporidiosis in Indonesia, Balaba Journal, Vol. 13, Issue
1, pp. 73-82.

WILHELM N, KAUFMANN A., BLANTON E., LANTAGNE D. (2018). Sodium
hypochlorite dosage for household and emergency water treatment: updated
recommendations, Journal of Water and Health, Vol. 16, Issue 1, pp. 112-125.
https://doi.org/10.2166/wh.2017.012

WULANDARI R., ISWARA A.P., UTAMI R.R. (2024). Water pollution and sanitation
in Indonesia: a review on water quality, health and environmental impacts,
management, and future challenges, Environmental Science and Pollution Research,
Vol. 31, Issue 58, pp. 65967-65992.
https://doi.org/10.1007/s11356-024-35567-x

XIAO R., DENG Y., XU Z., CHU W. (2024). Disinfection Byproducts and Their
Precursors in Drinking Water Sources: Origins, Influencing Factors, and
Environmental Insights, Engineering, Vol. 36, pp. 36-50.
https://doi.org/https://doi.org/10.1016/j.eng.2023.08.017

87



Thsan T. | Larhyss Journal, 63 (2025), 55-88

XIAO R., DUAN Y., CHU W. (2020). The effectiveness of household water treatment
and safe storage in improving drinking water quality: a disinfection by-product (DBP)
perspective, Journal of Water Supply: Research and Technology-Aqua, Vol. 69, Issue
8, pp. 785-806.
https://doi.org/10.2166/aqua.2020.052

XIEY., JIANG Q.,ZHANG Y., ZHANG K., FENG M. (2023). Recent advances in solar-
enhanced homogeneous water decontamination and disinfection: A review,
Separation and Purification Technology, Vol. 325, Paper ID 124678.
https://doi.org/https://doi.org/10.1016/j.seppur.2023.124678

YADAV S., KHAN F., RATHORE K., VERMA S., MEHTA D. (2024). Household
waste water treatment with the aid of activated charcoal, Larhyss Journal, No 60, pp.
133-150.

YE J., DELA E. (2023). The Effect of Green Investment and Green Financing on
Sustainable Business Performance of Foreign Chemical Industries Operating in
Indonesia: The Mediating Role of Corporate Social Responsibility, Sustainability,
Vol. 15, Issue 14, Paper ID 11218.
https://doi.org/10.3390/sul51411218

ZHOU Z., MA W., ZHONG D. (2024). The stress response mechanisms and resistance
change of chlorine-resistant microbial community at multi-phase interface under
residual antibiotics in drinking water distribution system, Journal of Cleaner
Production, Vol. 438, Paper ID 140673.
https://doi.org/https://doi.org/10.1016/].jclepro.2024.140673

ZI0UI D., BELLATRECHE R., TIGRINE Z., ABURIDEH H. (2015). Effect of some
external parameters on fresh water quality and production by solar water distillation,
Larhyss Journal, No 21, pp. 207-216.

ZUBIR M., DARMANA A., DAMANIK M., NASUTION H.I., SIREGAR U. (2020).
Bleach Effectively in Removes The Stubborn Stains, Indonesian Journal of Chemical
Science and Technology, Vol. 3, Issue 1, pp. 20-24.
https://doi.org/10.24114/ijcst.v3i1.18312.

88



