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Abstract 

In many Indonesian peatland regions, communities still rely on peat water for drinking despite its very low pH, dark colour, and elevated 
loads of natural organic matter and dissolved metals. This study evaluates the performance of a small-scale, multi-stage treatment system 
that combines shell sand, CTO carbon block filtration, and reverse osmosis (RO) to improve peat water quality in Sengkubang Village with 
reference to Indonesian Regulation Permenkes No. 32/2017. A quasi experimental one group pretest–posttest design was applied, 
measuring total dissolved solids (TDS), turbidity, colour, odour, pH, iron (Fe) and manganese (Mn) in raw and treated water. The system 
substantially reduced turbidity and colour, with both parameters decreasing by more than 90 percent, and lowered TDS while keeping it well 
below the national limit. The pH shifted from strongly acidic to near neutral, and Fe was reduced to a small fraction of its initial concentration, 
far below both national and WHO oriented guideline values, whereas Mn remained safely below its standard. After treatment, all monitored 
parameters complied with Permenkes 32/2017. The results indicate that locally sourced shell sand can function as an effective pretreatment 
for RO in humic rich, acidic peat water when combined with CTO adsorption. Nevertheless, the findings are based on a single site and short 
observation period and do not include microbiological indicators, so the system should be regarded as a promising but still preliminary option 
that requires further seasonal, long term, and microbiological assessment. 
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INTRODUCTION 

Access to safe drinking water remains a persistent challenge in many regions of Indonesia, 
particularly where communities depend on surface and groundwater sources with limited treatment. In 
peatland-dominated areas, such as large parts of Sumatra and Kalimantan, the use of peat water as a 
raw water source introduces specific health and technical risks that are not trivial. Peat water is typically 
characterized by low pH, high color, and elevated concentrations of dissolved organic matter and metals, 
conditions that complicate conventional treatment and may compromise public health if not addressed 
appropriately. 

A central concern in peat-derived water is the high content of natural organic matter, particularly 
humic and fulvic acids. These macromolecules, released from the decomposition of organic material in 
peat soils, strongly affect water color, taste, and odor, and interfere with disinfection processes. At high 
concentrations, humic and fulvic substances can form disinfection by-products (DBPs) during 
chlorination, and several DBPs are associated with carcinogenic and other long-term health risks (Ji et 
al., 2020). They can also hinder microbial inactivation and promote the regrowth of microorganisms in 
distribution systems (Wu et al., 2021). From a user perspective, dark color and unpleasant taste or smell 
reduce acceptability, which may drive households to alternative, sometimes poorly regulated sources 
such as refill depots. 

Beyond natural organic matter, heavy metal contamination in drinking water derived from various 
sources, including peat and shallow groundwater, has been repeatedly reported in Indonesia. Arsenic, 
cadmium, and lead are of particular concern because of their cumulative toxic effects, especially in 
children. Studies on refill drinking water have found that a notable proportion of samples did not comply 
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with national regulations, either due to excessive heavy metal concentrations or microbiological 
contamination (Rahmawati & Lumbantobing, 2023; Royani & Fitriana, 2020). Lead exposure through 
drinking water has been linked to developmental problems and malnutrition among toddlers in Indonesian 
settings, indicating that even low-level, chronic exposure can have measurable health consequences 
(Fadillah et al., 2022). These findings suggest that reliance on unmonitored or poorly monitored small-
scale water suppliers cannot be viewed as a fully safe alternative to self-treatment of local raw water. 

Microbiological contamination adds another layer of risk. The presence of Escherichia coli and 
other coliform bacteria in drinking water is closely associated with diarrheal disease, undernutrition, and 
increased child morbidity. Poor sanitation, unsafe storage, and inadequate treatment at the point of 
collection or point of use are well-documented drivers of contamination in Indonesia, particularly in dense 
urban and peri-urban settlements (Yamauchi et al., 2022; Otsuka et al., 2019; Patunru, 2015). Studies 
have reported that many communal sources and refill depots show coliform levels exceeding both 
national and international safety limits (Rosmiaty et al., 2019; Wahyuni et al., 2019). This pattern indicates 
that formal adherence to standards on paper does not automatically translate into safe water at the 
household level. 

Attention has also been drawn to metals such as iron and manganese, which are often elevated 
in groundwater and peat-related sources. While these metals are frequently treated as “aesthetic” 
problems because they cause color, staining, and metallic taste, sustained exposure at high 
concentrations can contribute to gastrointestinal complaints and may interact with other nutritional and 
environmental stressors (Lowe et al., 2021). Given that peat water often has both low pH and elevated 
Fe and Mn, any feasible treatment system for rural communities needs to address these parameters 
alongside organic matter and microbial safety. 

The regulatory framework for drinking water in Indonesia is primarily defined by the Regulation of 
the Minister of Health No. 32 of 2017 (Permenkes 32/2017). This regulation specifies physical, chemical, 
and microbiological limits for parameters such as turbidity, color, TDS, pH, Fe, Mn, sulfate, and coliform 
bacteria. For example, several reports refer to maximum permissible levels of 1 mg/L for iron and 0.5 
mg/L for manganese, along with sulfate at 250 mg/L (Zulya et al., 2022; Sari et al., 2023). Other work 
that discusses later revisions presents 0.3 mg/L for iron and 0.5 mg/L for manganese, with chloride limited 
to 250 mg/L, and emphasizes turbidity and color limits in the range of 5 NTU and 15 TCU respectively 
(Khoeriyah & Anies, 2015;). Microbiological standards require zero coliform bacteria per 100 mL, 
consistent with the preventive approach to waterborne disease (Khoeriyah & Anies, 2015). These 
differences in reported numeric values partly reflect changes over time, but they also show that 
enforcement and interpretation are not always consistent across studies and local authorities. 

When compared to the World Health Organization (WHO) guideline values, Indonesian standards 
appear to be moving toward closer alignment but have historically allowed higher limits for some 
parameters. WHO recommends a guideline value of 0.3 mg/L for iron in drinking water, which is often 
treated as an aesthetic threshold rather than a strict health-based limit (Amano et al., 2020; Novikov et 
al., 2021). Earlier Indonesian regulations cited higher permissible concentrations, although more recent 
interpretations suggest convergence with WHO recommendations (Amano et al., 2020). For 
microbiological safety, both WHO and Indonesian regulations agree on the requirement of zero total 
coliforms in drinking water (Novikov et al., 2021). Heavy metal contamination related to mining and other 
industrial activities has been documented in various regions, raising questions about the capacity of 
current monitoring and enforcement systems to ensure that standards are effectively implemented at 
community level (Basri et al., 2022). 

In this context, technical solutions that can reliably improve peat water quality to meet or approach 
these standards are needed, especially where centralized treatment and piped supply are absent. One 
group of options involves adsorption and filtration using locally available media. Activated carbon, 
particularly in the form of carbon block CTO (Chlorine, Taste, Odor) filters, has been widely used to 
remove natural organic matter, color, and odor through adsorption processes (Schmit & Wells, 2002; Yin 
et al., 2023). In peat water, activated carbon has shown effectiveness in reducing dissolved organic 
compounds and color intensity, leading to clearer and more acceptable water (Khair, 2016; Purwanti et 
al., 2021). Filtration systems that combine sand and activated carbon can further reduce turbidity and 
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organic load, and have been reported to help peat water meet relevant drinking water criteria (Hamzani 
et al., 2014; Setyobudiarso & Yuwono, 2014; Wilian et al., 2019; Ismillayli et al., 2018; Saputri et al., 
2025). 

Another promising avenue is the use of calcium carbonate rich materials such as shell sand or 
crushed seashells. These materials can neutralize acidity and promote the removal or precipitation of 
iron and manganese. In Indonesian coastal and riverine communities, shell waste is abundant, relatively 
inexpensive, and culturally familiar, making it an attractive candidate for local water treatment media. 
Although several studies have examined shell-based media for improving groundwater or surface water 
quality, systematic evaluations for strongly acidic, high-color peat water are still limited. 

Reverse osmosis (RO) has also been introduced in peat water treatment schemes. RO 
membranes are capable of removing dissolved salts, organic molecules, and microorganisms, and 
several studies in Indonesia report high removal efficiencies for TDS, color, and organic matter in peat-
related waters when RO is used after conventional pretreatment steps (Setiadi & Kristyawan, 2018; 
Agnestisia et al., 2022; Mardhatillah et al., 2023). At the same time, RO performance is sensitive to 
fouling, especially when treating humic-rich water, which means that appropriate pretreatment to remove 
turbidity and a substantial fraction of dissolved organics is essential to maintain membrane lifespan and 
operating costs (Khair, 2016). 

Most existing work on peat water treatment in Indonesia has focused either on single media 
systems, such as sand or activated carbon filters, or on combinations of coagulation–filtration–RO at pilot 
or facility scale (Khair, 2016; Setiadi & Kristyawan, 2018; Purwanti et al., 2021; Agnestisia et al., 2022; 
Mardhatillah et al., 2023; Saputri et al., 2025). There is much less empirical evidence on integrated, small-
scale systems that combine locally sourced shell sand, CTO carbon block filtration, and RO in a single 
treatment train for highly acidic peat water, particularly in rural communities that rely directly on nearby 
peatland sources. This gap is relevant for villages such as Sengkubang in Mempawah Regency, West 
Kalimantan, where households still depend heavily on rainwater and untreated peat or shallow 
groundwater and where centralized services are not yet available. 

The present study addresses this gap by evaluating the effectiveness of a multi-stage filtration 
system that combines shell sand, CTO carbon filtration, and reverse osmosis for treating peat water in 
Desa Sengkubang. The focus is on assessing whether this combination can reduce key physical and 
chemical parameters, including TDS, turbidity, color, pH, iron, and manganese, to comply with or 
approach the requirements of Permenkes 32/2017. At the same time, the study seeks to explore the 
potential of locally accessible materials and relatively simple technology configurations as a realistic 
option for improving drinking water quality in rural peatland contexts. 

. 
METHODS  

This study employed a quasi-experimental design using a one-group pretest–posttest model to 
evaluate the effectiveness of a three-stage filtration system (shell-sand, CTO carbon block, and reverse 
osmosis) in improving the quality of peat water in Sengkubang Village. This design allows for direct 
measurement of changes in water quality before and after treatment without the need for a control group. 
 
Research Procedures 

The research procedures followed the sequence illustrated in Figure 1, beginning with a field 
survey to assess the condition of the peat water source, community needs, and the planned installation 
site. The next step involved preparing tools and materials, including inspection and sterilization of filtration 
components and pumps. The filtration unit was then installed according to the technical design, followed 
by an operational demonstration to ensure all media functioned properly. After system verification, peat 
water samples were collected, filtered, and subsequently subjected to laboratory analysis. 
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Figure 1. Equipment Installation and Testing Process 
 
Filtration System Design 

The complete system design is shown in Figure 2, consisting of 300–500 L water tanks, structural 
stands, a distribution pump, an FRP 1054 tank filled with shell sand, CTO and GAC carbon filters, a 
sediment filter, and a reverse osmosis (RO) unit equipped with a membrane and UV lamp. The filtration 
process includes three stages: 
1. Shell-sand filtration to increase pH, reduce color, and facilitate metal precipitation; 
2. Carbon filtration (CTO–GAC) to adsorb organic matter, odors, and fine particles; and 
3. Reverse osmosis for the removal of dissolved solids, metal ions, and micro-contaminants.The system 

operates at a flow rate of approximately 1 L/min with RO pressure ranging from 80–100 psi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Filtration Design and Components 
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Sample Collection and Water Quality Parameters 

Peat water samples were collected using a grab sampling technique from the same point source 
to maintain sample consistency. Each sample was tested in two stages: pretest (before filtration) and 
posttest (after passing through all filtration stages). The analyzed parameters included TDS, turbidity, 
color, odor, pH, Fe, and Mn, referring to the Indonesian National Drinking Water Standards (Permenkes 
No. 32/2017). Laboratory analyses were performed using a digital TDS meter, turbidimeter, pH meter, 
spectrophotometer, and Atomic Absorption Spectrophotometry (AAS) for Fe and Mn. 

 
Filtration Procedure and Data Analysis 

Each sample was filtered continuously through the system and collected in a sterile container for 
laboratory testing. Data analysis was conducted descriptively using a comparative approach by 
evaluating pretest and posttest values and calculating the percentage reduction for each parameter. 
Interpretation of effectiveness was based on known physicochemical mechanisms such as carbon 
adsorption, metal precipitation, and molecular removal through RO membranes. 

 
Ethical Considerations 

This study received ethical approval from the Ethics Committee of the Faculty of Health Sciences, 
Muhammadiyah University of Pontianak (No. 014/KEPK-FikPsi/UMPONTIANAK/2025). 
 
RESULTS AND DISCUSSION 

The performance of the shell sand–CTO–RO system was evaluated using physical and chemical 
parameters of peat water sampled in Desa Sengkubang. The numerical results are summarised in Table 
1 and Table 2, while Table 3 presents the percentage reductions and compliance status relative to 
Permenkes No. 32/2017. To support the numerical data, Figure 2 shows the visual change in water colour 
before and after treatment, and Figure 3 and Figure 4 illustrate the parameter changes graphically. 
 
Physical parameters 

The physical characteristics of the peat water before and after treatment are shown in Table 1. 
The raw peat water had a TDS of 101 mg/L, turbidity of 22.6 NTU, and colour of 631.2679 PtCo. After 
treatment, TDS decreased to 24 mg/L, turbidity to less than 1.19 NTU, and colour to 34.6471 PtCo. Odour 
was reported as “not smelly” both before and after treatment. 
Table 1. Laboratory results for physical parameters of peat water in Desa Sengkubang before and after 
treatment and the maximum limits of Permenkes No. 32/2017. 

Physical parameter Unit Before treatment After treatment Permenkes 32/2017 limit 

TDS mg/L 101 24 < 300 

Turbidity NTU 22.6 < 1.19 < 3 

Colour PtCo 631.2679 34.6471 50 

Odour – Not smelly Not smelly Not smelly 

The reduction in turbidity and colour is also visible in Figure 2, which contrasts photographs of raw 
peat water and treated water in transparent containers. The raw sample appears dark brown and opaque, 
whereas the treated sample is much lighter and visually clearer, consistent with the colour and turbidity 
values in Table 1. 
 
Chemical parameters 

The chemical quality of the peat water is summarised in Table 2. Initially, the water was strongly 
acidic with a pH of 3.66, and contained Fe and Mn at 0.8714 mg/L and 0.035 mg/L respectively. After 
treatment, pH increased to 6.91, Fe dropped to 0.0406 mg/L, and Mn slightly decreased to 0.033 mg/L. 
Table 2. Laboratory results for chemical parameters of peat water in Desa Sengkubang before and after 
treatment and the maximum limits of Permenkes No. 32/2017. 
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Chemical parameter Unit Before treatment After treatment Permenkes 32/2017 limit 

pH – 3.66 6.91 6.5–8.5 

Iron (Fe) mg/L 0.8714 0.0406 1 

Manganese (Mn) mg/L 0.035 0.033 0.5 

The changes in pH, Fe, and Mn are illustrated in Figure 4 as paired bars. The figure shows the 
substantial shift of pH from strongly acidic to near neutral, a large reduction in Fe, and a modest change 
in Mn, with all parameters complying with the Permenkes limits after treatment. 

To summarise both sets of results, Table 3 quantifies the percentage reductions for each 
parameter (taking 1.19 NTU as the conservative upper bound for turbidity) and states whether the water 
met the standard before and after treatment. 
Table 3. Percentage reduction of key parameters and compliance with Permenkes No. 32/2017. 

Parameter Unit Before After 
Approx. 
reduction (%) 

Compliance status 

TDS mg/L 101 24 76.2 Compliant before and after 

Turbidity NTU 22.6 <1.19 ≥94.7 Non-compliant before; compliant after 

Colour PtCo 631.27 34.65 94.5 Non-compliant before; compliant after 

pH – 3.66 6.91 – (pH shift) Non-compliant before; compliant after 

Fe mg/L 0.8714 0.0406 95.3 
Compliant (national limit) before and after; 
further improved 

Mn mg/L 0.035 0.033 5.7 Compliant before and after 

As Table 3 shows, the system led to large reductions in turbidity, colour, and Fe and successfully 
shifted pH into the permitted range. Mn was already low and changed only slightly. 
 
Interpretation of physical parameter changes 

The substantial improvement in turbidity and colour (Tables 1 and 3; Figures 2 and 3) indicates 
that the filtration train effectively targeted the suspended solids and dissolved organic matter that ominate 
peat water appearance. The turbidity reduction of at least 94.7 % suggests efficient retention of fine 
particles by the shell sand and CTO stages, with further polishing by the RO membrane. This aligns with 
previous evidence that sand- or shell-based filters can remove particulates effectively when operated at 
appropriate loading rates, and that carbon block filters contribute both mechanical filtration and adsorption 
(Nurfida & Widiasa, 2018; Farsad et al., 2023). 

The >94 % reduction in colour, with final values well below the 50 PtCo limit, confirms that the 
system removed a large fraction of humic and fulvic substances, which are largely responsible for the 
dark colour of peat water (Dong et al., 2019; Khair, 2016; Purwanti et al., 2021). The visual contrast 
between the raw and treated water in Figure 2 strengthens this conclusion. Activated carbon is known to 
adsorb a wide range of natural organic matter (Schmit & Wells, 2002; Yin et al., 2023), and its role in this 
study is consistent with findings from multistage peat water treatment systems that combine sand and 
activated carbon (Hamzani et al., 2014; Setyobudiarso & Yuwono, 2014; Wilian et al., 2019; Ismillayli et 
al., 2018; Saputri et al., 2025). The remaining colour (around 35 PtCo) indicates that some dissolved 
organics are still present, but from a regulatory standpoint the water is acceptable.  

TDS reductions of about 76 % (Table 3) demonstrate that the RO unit was functioning as expected, 
even though both the initial and final TDS values are below the threshold of 300 mg/L. This confirms that 
the system provides “extra” polishing of dissolved ions and low-molecular-weight organics. Since high 
TDS was not the primary problem in this case, the added value here is more about taste and prevention 
of scaling than about compliance with the standard. 

Odour showed no change, which is consistent with the baseline description of the raw water as 
“not smelly”. Although CTO filters and activated carbon generally help remove taste and odour 
compounds (Wu et al., 2021), this effect cannot be assessed clearly in this study because the initial odour 
was already acceptable. 
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Interpretation of chemical parameter changes 
The shift in pH from 3.66 to 6.91 (Table 2) is important both chemically and from a health and 

infrastructure perspective. At pH 3.66, water is corrosive and uncomfortable to drink. It also keeps Fe and 
Mn in more soluble forms (Aydın et al., 2021; Arifianingsih et al., 2020). The near neutral pH after 
treatment indicates that the shell sand (oyster shell) media dissolved sufficiently to neutralise the acidity. 
This is consistent with the behaviour of CaCO₃-based materials, which raise pH and facilitate metal 
precipitation. 

The Fe concentration dropped by more than 95 %, from 0.8714 to 0.0406 mg/L (Table 3). Even 
though the initial Fe was still under the national limit of 1 mg/L, the treated water falls well below both 
national and WHO-oriented thresholds (Amano et al., 2020; Novikov et al., 2021). Literature on oyster 
shell filters supports this pattern: their high surface area and porosity provide sites for adsorption and co-
precipitation of Fe, especially when aeration allows Fe(II) to oxidise to Fe(III) and form insoluble 
hydroxides (Safitri & Purnomo, 2023; Aziz et al., 2020). The present results are in line with slow sand or 
biofilter systems that incorporate shell media and report strong Fe removal. Figure 4 visualises this 
reduction and shows that Fe is far below the limit after treatment. 

Mn levels were low from the start (0.035 mg/L) and only decreased slightly to 0.033 mg/L. This 
small change is not enough to draw firm conclusions about Mn removal capacity. It is well known that Mn 
often requires higher pH or biological oxidation for effective removal (Aydın et al., 2021; Arifianingsih et 
al., 2020). The key point here is that the system maintained Mn safely below the 0.5 mg/L limit under the 
tested conditions. If the raw water had contained higher Mn, additional design measures (for example, 
enhanced aeration or longer contact time) might have been necessary. 

 
Mechanisms and the role of each treatment stage 

The patterns across Tables 1–3 and Figures 3–4 are consistent with a staged treatment 
mechanism: 
1. Shell sand (oyster shell) stage. Increases pH and promotes Fe precipitation. Studies show that 

calcined or crushed oyster shells possess large surface areas that facilitate adsorption of Fe and Mn, 
and that their CaCO₃ matrix supports chemical and potentially biological removal pathways (Safitri & 
Purnomo, 2023; Shi et al., 2022; Aziz et al., 2020). The strong pH shift and Fe reduction in Table 2 
support this interpretation. 

2. CTO activated carbon stage. Adsorbs humic and fulvic acids and fine particulates, which explains 
the large reductions in colour and turbidity (Tables 1 and 3; Figure 3). The high surface area and 
porosity of activated carbon block filters are consistent with previous research on colour and organic 
matter removal (Nurfida & Widiasa, 2018; Dong et al., 2019; Hoslett et al., 2018; Plant et al., 2013; 
Farsad et al., 2023). 

3. RO stage. Provides final removal of dissolved salts and remaining organics, reflected in the TDS 
reduction and further improvement in colour and turbidity. However, humic-rich water is known to 
cause RO fouling (Elma et al., 2021; Xia et al., 2013; Gao et al., 2023; Chen et al., 2015). The 
pretreatment by shell sand and CTO likely reduced the fouling potential. No flux decline data are 
presented here, so long-term performance remains uncertain. 

The photograph of the system and filter arrangement (which can be presented as Figure 1 in the 
Methods) can help readers connect these mechanisms with the physical layout of the device. Including 
a flow diagram in the same figure will also make it easier to understand which parameters are primarily 
addressed in each stage. 
 
Variability, limitations, and implications for practice 

The results clearly show that, at the time of sampling, the system converted highly acidic, strongly 
coloured peat water into water that meets Permenkes No. 32/2017 for the measured parameters. 
However, the robustness of this performance needs a cautious interpretation. 

Peat water quality varies seasonally with rainfall and hydrological changes (Wit et al., 2015; 
Rodrigues et al., 2018; Preite & Pearson, 2017; Buck et al., 2019). A conceptual diagram illustrating wet-
season dilution and dry-season concentration effects could be included as an additional figure in the 
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discussion (for example Figure 5: Seasonal drivers of peat water quality), to remind readers that the 
values in Tables 1–3 represent only one hydrological condition. Future work should repeat the 
measurements in different seasons to test how much “buffer capacity” the system has when the raw water 
becomes more extreme. 

Long-term performance is another limitation. Empirical studies on household filters indicate that 
activated carbon media saturate and biofilm formation occurs after a few months, leading to reduced 
adsorption and potential bacterial regrowth (Sobsey et al., 2008; Murphy et al., 2010). RO membranes 
are also susceptible to fouling and require maintenance (Rosa et al., 2016; Clayton et al., 2024; Wu, 
2024). None of these ageing processes were evaluated here. From a public health perspective, 
microbiological quality is crucial, yet this study did not measure coliforms or E. coli, even though these 
are major contributors to disease risk in Indonesia (Yamauchi et al., 2022; Otsuka et al., 2019; Patunru, 
2015; Rosmiaty et al., 2019; Wahyuni et al., 2019). Including a table or figure in future work that tracks 
microbiological indicators alongside physical–chemical data over time would be important. 

Finally, sustainability and user practice matter. Even an effective system can fail if cartridges are 
not replaced, RO units are not cleaned, or treated water is recontaminated during storage (Mellor et al., 
2013; Mahaffy et al., 2014; Crider et al., 2023; Ren et al., 2013; Pham et al., 2017; Prüss-Üstün et al., 
2019). This study focuses on technical feasibility, not on adoption or costs. A separate table summarising 
expected replacement intervals, approximate costs, and maintenance tasks per component could be 
added later if data are available, to connect the promising laboratory results with realistic implementation 
scenarios. 

 
CONCLUSION 

The study demonstrates that a multi-stage filtration system combining shell sand, CTO carbon 
block filtration, and reverse osmosis is technically capable of transforming highly acidic, strongly coloured 
peat water in Desa Sengkubang into water that meets the physical and chemical requirements of 
Permenkes No. 32/2017. The most critical problems of the raw peat water were low pH, high turbidity, 
and very high colour linked to humic and fulvic substances. After treatment, pH shifted from 3.66 to 6.91, 
turbidity fell from 22.6 NTU to below 1.19 NTU, and colour dropped from more than 630 PtCo to around 
35 PtCo, while iron concentrations decreased by more than ninety per cent to well below the national and 
WHO-oriented guideline ranges. These changes indicate that shell sand effectively neutralised acidity 
and promoted iron removal, activated carbon in the CTO stage substantially reduced natural organic 
matter and associated colour, and reverse osmosis provided final polishing for dissolved solids and 
residual organics. For the set of parameters measured, the system shows that locally available CaCO₃-
rich media can be integrated with commercially available filters and membranes to produce water of 
acceptable quality in a rural peatland setting. 

At the same time, the evidence presented is still narrow in scope. The results represent a single 
location and a limited period of observation, without replication across seasons when peat water quality 
is known to vary. The initial manganese concentration was already low, so the data do not really test the 
system’s capacity to treat Mn-rich sources. Moreover, the study focuses on physical and chemical 
parameters and does not address microbiological quality, even though microbial contamination is a major 
contributor to waterborne disease in Indonesia. Long-term behaviour of the shell sand media, CTO filter, 
and RO membrane was not evaluated, so issues such as adsorption exhaustion, fouling, and bacterial 
regrowth remain unanswered. In that sense, the findings should be read as a proof of concept for the 
technical feasibility of the shell sand–CTO–RO combination rather than as a full demonstration of a 
durable and comprehensive drinking water solution. The main contribution lies in showing that such a 
configuration can bring key peat-water parameters within regulatory limits using a mix of local and 
commercial components, while also clarifying where further work is needed before wide deployment can 
be responsibly recommended. 
 
RECOMMENDATION 

On the practical side, the results suggest that small-scale systems based on shell sand, CTO 
carbon blocks, and reverse osmosis could be piloted more broadly in peatland villages that lack access 
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to piped water, provided that certain conditions are met. Local governments, universities, and community 
organisations that consider adopting similar systems should treat the design tested in Sengkubang as a 
starting point that still requires careful adaptation. Implementation should be accompanied by clear 
arrangements for operation and maintenance, including training residents to monitor simple indicators 
such as colour, turbidity, and pH, to replace shell sand and CTO cartridges at appropriate intervals, and 
to recognise signs of RO membrane fouling. Because the present study did not measure microbiological 
parameters, any practical use should be coupled with safe storage and, where feasible, residual 
disinfection to reduce the risk of recontamination between filtration and consumption. A cautious, 
stepwise roll-out using demonstration units, user education, and local cost-sharing mechanisms would 
be more defensible than immediate large-scale installation. 

For research, several extensions are needed to strengthen the evidence base. Future studies 
should include repeated sampling across wet and dry seasons and, where possible, incorporate replicate 
measurements to characterise variability and uncertainty. Microbiological analyses, especially for total 
coliforms and E. coli, are essential if the system is to be proposed as a drinking water intervention, and 
should be observed over time to capture potential regrowth in filters and storage containers. Longer-term 
experiments are required to quantify the lifespan of shell sand media, CTO cartridges, and RO 
membranes under realistic use in rural households, including monitoring of flow rates, pressure, and 
changes in removal efficiency. Economic evaluation and comparison with alternative low-cost 
technologies, such as biosand or ceramic filters, would help clarify where the shell sand–CTO–RO 
configuration is most appropriate and where simpler options may suffice. It would also be useful to test 
the system at sites with higher initial concentrations of manganese and other metals, and to explore 
variations in media size, contact time, and aeration that might improve performance without raising costs. 
By addressing these aspects, future work can move from demonstrating technical potential at a single 
site toward developing a robust, context-sensitive option for improving drinking water quality in 
Indonesia’s peatland communities. 
  
ACKNOWLEDGMENT 

This research was funded by the Directorate of Research, Technology, and Community Service 
(DRTPM) and the Directorate General of Higher Education, Research, and Technology (Ditjen 
Diktiristek), Ministry of Education, Culture, Research, and Technology (Kemendikbudristek) through the 
Kosabangsa Grant Scheme for the Year 2025. Contract Number: 253/C3/DT.0500/PM-
KOSABANGSA/2025 
 
AUTHOR CONTRIBUTIONS 

NRA was responsible for developing the article’s conceptual framework and design, collecting and 
analyzing the data, interpreting the results, writing and revising the manuscript, and providing final 
approval for publication. SLV and LS collaborated in developing the article’s conceptual framework, 
managing the data, conducting a critical review of the manuscript, and granting final approval for 
publication. NRA, SLV, and LS jointly contributed to the development of the data analysis and 
interpretation, and provided final approval for the publication version. 
 
REFERENCES  
Agnestisia, R., Iqbal, R., Damsyik, A., & Nareyasa, W. (2022). Pelatihan pembuatan unit pengolahan air 

gambut bagi masyarakat di kelurahan Kalampangan, Kota Palangka Raya. Logista – Jurnal Ilmiah 
Pengabdian Kepada Masyarakat, 6(2), 108–111. https://doi.org/10.25077/logista.6.2.108-
111.2022 

Ambiya, U., Nurlina, N., & Gusrizal, G. (2022). Synthesis of magnetic chitosan composite beads as an 
adsorbent for removal of organic matter from peat water. Jurnal Kimia Sains dan Aplikasi, 25(9), 
338–345. https://doi.org/10.14710/jksa.25.9.338-345 

Ardianor, A., Yusuf, N., Handayani, T., & Hamdhani, H. (2023). Adaptation of African and striped catfish 
in peat water of low pH. Jurnal Perikanan Universitas Gadjah Mada, 25(2), 215–224. 
https://doi.org/10.22146/jfs.78743 

https://doi.org/10.25077/logista.6.2.108-111.2022
https://doi.org/10.25077/logista.6.2.108-111.2022
https://doi.org/10.14710/jksa.25.9.338-345
https://doi.org/10.22146/jfs.78743


Norita et al Improving Peat Water Quality … 

 

 Reflection Journal December 2025 Vol. 5, No. 2 | |770 

 

Arifianingsih, N., Zevi, Y., Helmy, Q., Notodarmojo, S., Fujita, H., Shimayama, Y., … & Kirihara, M. (2020). 
Peat water treatment using oxidation and physical filtration system and its performance in reducing 
iron (Fe), turbidity, and color. E3S Web of Conferences, 148, 07011. 
https://doi.org/10.1051/e3sconf/202014807011 

Aryanti, P., Joscarita, S., Wardani, A., Subagjo, S., Ariono, D., & Wenten, I. (2016). The influence of 
PEG400 and acetone on polysulfone membrane morphology and fouling behaviour. Journal of 
Engineering and Technological Sciences, 48(2), 135–149. 
https://doi.org/10.5614/j.eng.technol.sci.2016.48.2.1 

Aydın, B., Elçi, Ş., & Ökten, H. (2021). An experimental study on release mechanism of iron and 
manganese from sediments to the water column in reservoirs. Environmental Research and 
Technology, 4(3), 190–198. https://doi.org/10.35208/ert.833975 

Aziz, H., Tajarudin, H., Wei, T., & Alazaiza, M. (2020). Iron and manganese removal from groundwater 
using limestone filter with iron-oxidized bacteria. International Journal of Environmental Science 
and Technology, 17(5), 2667–2680. https://doi.org/10.1007/s13762-020-02681-5 

Buck, D., Esselman, P., Jiang, S., Wainwright, J., Brenner, M., & Cohen, M. (2019). Seasonal fluxes of 
dissolved nutrients in streams of catchments dominated by swidden agriculture in the Maya Forest 
of Belize, Central America. Water, 11(4), 664. https://doi.org/10.3390/w11040664 

Chen, X., Luo, J., Qi, B., Cao, W., & Wan, Y. (2015). NOM fouling behavior during ultrafiltration: Effect of 
membrane hydrophilicity. Journal of Water Process Engineering, 7, 1–10. 
https://doi.org/10.1016/j.jwpe.2015.04.009 

Clayton, G., Thorn, R., Fox, B., & Reynolds, D. (2024). Long-term trial of a community-scale decentralized 
point-of-use drinking water treatment system. PLOS Water, 3(4), e0000187. 
https://doi.org/10.1371/journal.pwat.0000187 

Crider, Y., Tsuchiya, M., Mukundwa, M., Ray, I., & Pickering, A. (2023). Adoption of point-of-use 
chlorination for household drinking water treatment: A systematic review. Environmental Health 
Perspectives, 131(1), 1–24. https://doi.org/10.1289/EHP10839 

Dong, X., Bäcker, L., Rahmatullah, M., Schunk, D., Lens, G., & Meckenstock, R. (2019). Quantification 
of microbial degradation activities in biological activated carbon filters by reverse stable isotope 
labelling. AMB Express, 9(1), 1–10. https://doi.org/10.1186/s13568-019-0827-0 

Elma, M., Pratiwi, A., Rahma, A., Rampun, E., Mahmud, M., Abdi, C., … & Bilad, M. (2021). Combination 
of coagulation, adsorption, and ultrafiltration processes for organic matter removal from peat water. 
Sustainability, 14(1), 370. https://doi.org/10.3390/su14010370 

Fadillah, M., Andarwulan, N., & Faridah, D. (2022). Consumption of drinking water and its contribution to 
lead (Pb) exposure in toddlers nutritional status in Indonesia. Jurnal Mutu Pangan (Indonesian 
Journal of Food Quality), 9(1), 36–44. https://doi.org/10.29244/jmpi.2022.9.1.36 

Farsad, A., Niimi, K., Erşan, M., González-Rodríguez, J., Hristovski, K., & Westerhoff, P. (2023). 
Mechanistic study of arsenate adsorption onto different amorphous grades of titanium (hydr)oxides 
impregnated into a point-of-use activated carbon block. ACS ES&T Engineering, 3(7), 989–1000. 
https://doi.org/10.1021/acsestengg.3c00012 

Gao, Q., Duan, L., Jia, Y., Zhang, H., Liu, J., & Yang, W. (2023). Differences in the effect of Mn²⁺ on the 
reverse osmosis membrane fouling caused by different types of organic matter: Experimental and 
density functional theory evidence. Membranes, 13(10), 823. 
https://doi.org/10.3390/membranes13100823 

Hamzani, S., Suhenry, S., & Pramudyo, I. (2014). Penurunan kekeruhan dan warna air sumur gali 
menggunakan koagulan biji kelor dan filtrasi karbon aktif. Jurnal Purifikasi, 14(1), 65–71. 
https://doi.org/10.12962/j25983806.v14.i1.10 

Hoslett, J., Massara, T., Malamis, S., Ahmad, D., Boogaert, I., Katsou, E., … & Jouhara, H. (2018). 
Surface water filtration using granular media and membranes: A review. Science of the Total 
Environment, 639, 1268–1282. https://doi.org/10.1016/j.scitotenv.2018.05.247 

Ishikawa, T., Ardianor, A., & Gumiri, S. (2006). Dissolved organic carbon concentration of a natural water 
body and its relationship to water color in Central Kalimantan, Indonesia. Limnology, 7(2), 143–
146. https://doi.org/10.1007/s10201-006-0174-0 

https://doi.org/10.1051/e3sconf/202014807011
https://doi.org/10.5614/j.eng.technol.sci.2016.48.2.1
https://doi.org/10.35208/ert.833975
https://doi.org/10.1007/s13762-020-02681-5
https://doi.org/10.3390/w11040664
https://doi.org/10.1016/j.jwpe.2015.04.009
https://doi.org/10.1371/journal.pwat.0000187
https://doi.org/10.1289/EHP10839
https://doi.org/10.1186/s13568-019-0827-0
https://doi.org/10.3390/su14010370
https://doi.org/10.29244/jmpi.2022.9.1.36
https://doi.org/10.1021/acsestengg.3c00012
https://doi.org/10.3390/membranes13100823
https://doi.org/10.12962/j25983806.v14.i1.10
https://doi.org/10.1016/j.scitotenv.2018.05.247
https://doi.org/10.1007/s10201-006-0174-0


Norita et al Improving Peat Water Quality … 

 

 Reflection Journal December 2025 Vol. 5, No. 2 | |771 

 

Ji, G., Sun, S., Jia, R., Liu, J., Yao, Z., Wang, M., … & Hou, L. (2020). Study on the removal of humic 
acid by ultraviolet/persulfate advanced oxidation technology. Environmental Science and Pollution 
Research, 27(21), 26079–26090. https://doi.org/10.1007/s11356-020-08894-y 

Khair, R. (2016). Pengaruh ozon dan media filter zeolit pasir aktif dalam penyisihan warna air gambut 
dengan aliran paksa (effect of ozone and activated sand zeolite filter media to remove the colour 
intensity of peat water with forced circulation). Jukung (Jurnal Teknik Lingkungan), 2(2), 39–45. 
https://doi.org/10.20527/jukung.v2i2.2311 

Khoeriyah, A. (2015). Aspek Kualitas Bakteriologis Depot Air Minum Isi Ulang (DAMIU) di Kabupaten 
Bandung Barat. Majalah Kedokteran Bandung, 47(3), 137–144. 
https://doi.org/10.15395/mkb.v47n3.594 

Lee, H., Park, J., & Yoon, D. (2009). Advanced water treatment of high turbid source by hybrid module 
of ceramic microfiltration and activated carbon adsorption: Effect of organic/inorganic materials. 
Korean Journal of Chemical Engineering, 26(3), 697–701. https://doi.org/10.1007/s11814-009-
0116-8 

Lowe, C., Kurscheid, J., Lal, A., Sadler, R., Kelly, M., Stewart, D., … & Gray, D. (2021). Health risk 
assessment for exposure to nitrate in drinking water in Central Java, Indonesia. International 
Journal of Environmental Research and Public Health, 18(5), 2368. 
https://doi.org/10.3390/ijerph18052368 

Mahaffy, N., Dickson, S., Cantwell, R., Lucier, K., & Schuster-Wallace, C. (2014). Effects of physical 
disturbances on media and performance of household-scale slow sand (biosand) filters. Journal of 
Water Supply: Research and Technology – AQUA, 64(3), 250–259. 
https://doi.org/10.2166/aqua.2014.061 

Mahmud, M., Elma, M., Rampun, E., Rahma, A., Pratiwi, A., Abdi, C., … & Rossadi, R. (2020). Effect of 
two stages adsorption as pre-treatment of natural organic matter removal in ultrafiltration process 
for peat water treatment. Materials Science Forum, 988, 114–121. 
https://doi.org/10.4028/www.scientific.net/MSF.988.114 

Mardhatillah, L., Anriani, A., Juniarty, A., & Purnaini, R. (2023). Pengolahan air gambut menjadi air bersih 
menggunakan metode elektrokoagulasi dan filtrasi. Jurnal Teknologi Lingkungan Lahan Basah, 
11(2), 372–379. https://doi.org/10.26418/jtllb.v11i2.65606 

Mellor, J., Smith, J., Samie, A., & Dillingham, R. (2013). Coliform sources and mechanisms for regrowth 
in household drinking water in Limpopo, South Africa. Journal of Environmental Engineering, 
139(9), 1152–1161. https://doi.org/10.1061/(ASCE)EE.1943-7870.0000722 

Mulyadi, D., Haryati, S., & Said, M. (2020). The effect of calcium oxide and aluminum sulfate on iron, 
manganese and color removal at peat water treatment. Indonesian Journal of Fundamental and 
Applied Chemistry, 5(2), 42–48. https://doi.org/10.24845/ijfac.v5.i2.42 

Murphy, H., Sampson, M., Farahbakhsh, K., & McBean, E. (2010). Microbial and chemical assessment 
of ceramic and biosand water filters in rural Cambodia. Water Science & Technology: Water 
Supply, 10(3), 286–295. https://doi.org/10.2166/ws.2010.221 

Notodarmojo, S., Qadafi, M., & Zevi, Y. (2023). Absorbance spectral slopes for monitoring tropical peat 
water dissolved organic matter fractions during microbubble pre-ozonation. Clean – Soil, Air, 
Water, 51(8), 1–11. https://doi.org/10.1002/clen.202300122 

Nurfida, A., & Widiasa, I. (2018). Study on color removal of sewage treatment plant (STP) effluent using 
granular activated carbon. MATEC Web of Conferences, 156, 03011. 
https://doi.org/10.1051/matecconf/201815603011 

Novikov NM, Zolotaryova SY, Gautreau AM, Denisov EV. Mutational drivers of cancer cell migration and 
invasion. Br J Cancer. 2021 Jan;124(1):102-114. doi: 10.1038/s41416-020-01149-0. Epub 2020 
Nov 18. PMID: 33204027; PMCID: PMC7784720 

Otsuka, Y., Agestika, L., Widyarani, R., Sintawardani, N., & Yamauchi, T. (2019). Risk factors for 
undernutrition and diarrhea prevalence in an urban slum in Indonesia: Focus on water, sanitation, 
and hygiene. American Journal of Tropical Medicine and Hygiene, 100(3), 727–732. 
https://doi.org/10.4269/ajtmh.18-0063 

https://doi.org/10.1007/s11356-020-08894-y
https://doi.org/10.20527/jukung.v2i2.2311
https://doi.org/10.1007/s11814-009-0116-8
https://doi.org/10.1007/s11814-009-0116-8
https://doi.org/10.3390/ijerph18052368
https://doi.org/10.2166/aqua.2014.061
https://doi.org/10.4028/www.scientific.net/MSF.988.114
https://doi.org/10.26418/jtllb.v11i2.65606
https://doi.org/10.1061/(ASCE)EE.1943-7870.0000722
https://doi.org/10.24845/ijfac.v5.i2.42
https://doi.org/10.2166/ws.2010.221
https://doi.org/10.1002/clen.202300122
https://doi.org/10.1051/matecconf/201815603011
https://doi.org/10.4269/ajtmh.18-0063


Norita et al Improving Peat Water Quality … 

 

 Reflection Journal December 2025 Vol. 5, No. 2 | |772 

 

Patunru, A. (2015). Access to safe drinking water and sanitation in Indonesia. Asia & the Pacific Policy 
Studies, 2(2), 234–244. https://doi.org/10.1002/app5.81 

Pham, M., Romero, L., Parnell, B., Anderson, D., Crowe, S., & Lüchters, S. (2017). Feasibility of 
antiretroviral treatment monitoring in the era of decentralized HIV care: A systematic review. AIDS 
Research and Therapy, 14(1), 1–11. https://doi.org/10.1186/s12981-017-0131-5 

Plant, T., Babi, K., Koumenides, K., Nikolaou, A., Mihopoulos, N., Tzoumerkas, F., … & Lekkas, T. (2013). 
Pilot-plant experiments for the removal of THMs, HAAs and DOC from drinking water by GAC 
adsorption – Galatsi water treatment plant, Athens. Global NEST Journal, 5(3), 177–184. 
https://doi.org/10.30955/gnj.000285 

Preite, C., & Pearson, R. (2017). Water-quality variability in dryland riverine waterholes: A challenge for 
ecosystem assessment. Annales de Limnologie – International Journal of Limnology, 53, 221–232. 
https://doi.org/10.1051/limn/2017008 

Prüss‐Üstün, A., Wolf, J., Bartram, J., Clasen, T., Cumming, O., Freeman, M., … & Johnston, R. (2019). 
Burden of disease from inadequate water, sanitation and hygiene for selected adverse health 
outcomes: An updated analysis with a focus on low- and middle-income countries. International 
Journal of Hygiene and Environmental Health, 222(5), 765–777. 
https://doi.org/10.1016/j.ijheh.2019.05.004 

Purwanti, E., Ramdani, D., Rahmadewi, R., Nugraha, B., Efelina, V., & Dampang, S. (2021). Sosialisasi 
manfaat karbon aktif sebagai media filtrasi air guna meningkatkan kesadaran akan pentingnya air 
bersih di SMK PGRI Cikampek. Selaparang: Jurnal Pengabdian Masyarakat Berkemajuan, 4(2), 
381–388. https://doi.org/10.31764/jpmb.v4i2.4389 

Qu, F., Liang, H., Zhou, J., Nan, J., Shao, S., Zhang, J., … & Li, G. (2014). Ultrafiltration membrane 
fouling caused by extracellular organic matter (EOM) from Microcystis aeruginosa: Effects of 
membrane pore size and surface hydrophobicity. Journal of Membrane Science, 449, 58–66. 
https://doi.org/10.1016/j.memsci.2013.07.070 

Rahmawati, F., & Lumbantobing, R. (2023). Analysis of drinking water quality directly related to health at 
refill depots in the South Bekasi area, Indonesia. Eximia, 11(1), 1–11. 
https://doi.org/10.47577/eximia.v11i1.272 

Ren, D., Colosi, L., & Smith, J. (2013). Evaluating the sustainability of ceramic filters for point-of-use 
drinking water treatment. Environmental Science & Technology, 47(19), 11206–11213. 
https://doi.org/10.1021/es4026084 

Rodrigues, V., Estrany, J., Ranzini, M., Cicco, V., Martín-Benito, J., Hedo, J., … & Lucas-Borja, M. (2018). 
Effects of land use and seasonality on stream water quality in a small tropical catchment: The 
headwater of córrego Água Limpa, São Paulo (Brazil). Science of the Total Environment, 622–
623, 1553–1561. https://doi.org/10.1016/j.scitotenv.2017.10.028 

Rosa, G., Kelly, P., & Clasen, T. (2016). Consistency of use and effectiveness of household water 
treatment practices among urban and rural populations claiming to treat their drinking water at 
home: A case study in Zambia. American Journal of Tropical Medicine and Hygiene, 94(2), 445–
455. https://doi.org/10.4269/ajtmh.15-0563 

Rosmiaty, R., Mizwar, A., Yunita, R., & Agusliani, E. (2019). Kajian laik fisik sanitasi dan kualitas 
mikrobiologis depot air minum (DAM) di bawah program pembinaan dan pengawasan Dinas 
Kesehatan Kabupaten Hulu Sungai Utara. Enviroscienteae, 15(1), 127–133. 
https://doi.org/10.20527/es.v15i1.6333 

Royani, S., & Fitriana, A. (2020). Determination of heavy metals arsenic and cadmium in the refill drinking 
water in Purwokerto. Jurnal Katalisator, 5(1), 88–96. https://doi.org/10.22216/jk.v5i1.4767 

Safitri, M., & Purnomo, Y. (2023). Efektivitas media cangkang kerang dalam menurunkan kadar besi (Fe) 
dengan metode slow sand filter (SSF). INSOLOGI: Jurnal Sains dan Teknologi, 2(6), 1147–1154. 
https://doi.org/10.55123/insologi.v2i6.2882 

Sari, S., Juraiti, W., Salydin, O., Nurwiwin, N., Yasin, A., … & Erif, L. (2023). Analisis kualitas air minum 
dan risiko kesehatan lingkungan pencemaran besi (Fe) sumur gali di perumahan dosen 
Kecamatan Kambu, Kendari. Jurnal Serambi Engineering, 8(3), 5304–5312. 
https://doi.org/10.32672/jse.v8i3.5900 

https://doi.org/10.1002/app5.81
https://doi.org/10.1186/s12981-017-0131-5
https://doi.org/10.30955/gnj.000285
https://doi.org/10.1051/limn/2017008
https://doi.org/10.1016/j.ijheh.2019.05.004
https://doi.org/10.31764/jpmb.v4i2.4389
https://doi.org/10.1016/j.memsci.2013.07.070
https://doi.org/10.47577/eximia.v11i1.272
https://doi.org/10.1021/es4026084
https://doi.org/10.1016/j.scitotenv.2017.10.028
https://doi.org/10.4269/ajtmh.15-0563
https://doi.org/10.20527/es.v15i1.6333
https://doi.org/10.22216/jk.v5i1.4767
https://doi.org/10.55123/insologi.v2i6.2882
https://doi.org/10.32672/jse.v8i3.5900


Norita et al Improving Peat Water Quality … 

 

 Reflection Journal December 2025 Vol. 5, No. 2 | |773 

 

Saputri, N., & Zharvan, V. (2025). Sintesis membran berbasis karbon aktif menggunakan aktivator H₃PO₄ 
berbahan dasar tempurung kelapa. Jurnal Sains dan Pendidikan Fisika, 21(1), 98–106. 
https://doi.org/10.35580/jspf.v21i1.6189 

Schmit, K., & Wells, M. (2002). Preferential adsorption of fluorescing fulvic and humic acid components 
on activated carbon using flow field-flow fractionation analysis. Journal of Environmental 
Monitoring, 4(1), 75–84. https://doi.org/10.1039/B107167J 

Setiadi, I., & Kristyawan, I. (2018). Teknologi pengolahan air gambut asin menjadi air siap minum di 
Kelurahan Tanjung Tengah, Penajam, Kalimantan Timur. Jurnal Air Indonesia, 8(2), 97–108. 
https://doi.org/10.29122/jai.v8i2.2376 

Setyobudiarso, H., & Yuwono, E. (2014). Rancang bangun alat penjernih air limbah cair laundry dengan 
menggunakan media penyaring kombinasi pasir–arang aktif. Jurnal Neutrino: Jurnal Fisika dan 
Aplikasinya, 6(2), 86–93. https://doi.org/10.18860/neu.v0i0.2587 

Shao, S., Cai, L., Li, K., Li, J., Du, X., Li, G., … & Liang, H. (2017). Deposition of powdered activated 
carbon (PAC) on ultrafiltration (UF) membrane surface: Influencing factors and mechanisms. 
Journal of Membrane Science, 530, 104–111. https://doi.org/10.1016/j.memsci.2017.02.026 

Shi, Y., Xing, Y., Song, Z., Dang, X., & Zhao, H. (2022). Adsorption performance and its mechanism of 
aqueous As(III) on polyporous calcined oyster shell-supported Fe–Mn binary oxide. Water 
Environment Research, 94(4), e10714. https://doi.org/10.1002/wer.10714 

Sobsey, M., Stauber, C., Casanova, L., Brown, J., & Elliott, M. (2008). Point of use household drinking 
water filtration: A practical, effective solution for providing sustained access to safe drinking water 
in the developing world. Environmental Science & Technology, 42(12), 4261–4267. 
https://doi.org/10.1021/es702746n 

Wahyuni, W., Wardoyo, S., & Arizal, R. (2019). Kualitas air sumur masyarakat di sekitar tempat 
pembuangan akhir sampah (TPAS) Rawa Kucing Kota Tangerang. Jurnal Sains Natural, 7(2), 68–
75. https://doi.org/10.31938/jsn.v7i2.256 

Wang, L., He, D., Chen, W., & Yu, H. (2015). Probing the roles of Ca²⁺ and Mg²⁺ in humic acids-induced 
ultrafiltration membrane fouling using an integrated approach. Water Research, 81, 325–332. 
https://doi.org/10.1016/j.watres.2015.06.009 

Wilian, R., Fitria, L., & Sutrisno, H. (2019). Pengaruh susunan multimedia filter dalam kolom filtrasi 
terhadap penurunan parameter zat organik. Jurnal Teknologi Lingkungan Lahan Basah, 7(2), 45–
54. https://doi.org/10.26418/jtllb.v7i2.35978 

Wit, F., Müller, D., Baum, A., Warneke, T., Pranowo, W., Müller, M., … & Rixen, T. (2015). The impact of 
disturbed peatlands on river outgassing in Southeast Asia. Nature Communications, 6, 10155. 
https://doi.org/10.1038/ncomms10155 

Wu, C., Love, N., & Olson, T. (2021). Bacterial transmission and colonization in activated carbon block 
(ACB) point-of-use (POU) filters. Environmental Science: Water Research & Technology, 7(6), 
1114–1124. https://doi.org/10.1039/D0EW00982B 

Wu, J. (2024). The role of affordability on the adoption of residential point-of-use drinking water filtering 
systems in China. Sustainability, 16(2), 623. https://doi.org/10.3390/su16020623 

Wu, X., Liu, P., Gong, Z., Wang, H., Huang, H., Shi, Y., … & Gao, S. (2021). Humic acid and fulvic acid 
hinder long-term weathering of microplastics in lake water. Environmental Science & Technology, 
55(23), 15810–15820. https://doi.org/10.1021/acs.est.1c04501 

Xia, S., Zhou, Y., Ma, R., Xie, Y., & Chen, J. (2013). Ultrafiltration of humic acid and surface water with 
tubular ceramic membrane. Desalination and Water Treatment, 51(25–27), 5319–5326. 
https://doi.org/10.1080/19443994.2013.768791 

Yamauchi, T., Otsuka, Y., & Agestika, L. (2022). Influence of water, sanitation, and hygiene (WASH) on 
children’s health in an urban slum in Indonesia. In T. Yamauchi (Ed.), Health and Nutrition in Urban 
Slums in Asia (pp. 101–127). Springer. https://doi.org/10.1007/978-981-16-7711-3_7 

Yin, J., Fidalgo, M., & Deng, B. (2023). Removal of NOMs by carbon nanotubes/polysulfone 
nanocomposite hollow fiber membranes for the control of disinfection byproducts (DBPs). Water, 
15(11), 2054. https://doi.org/10.3390/w15112054 

https://doi.org/10.35580/jspf.v21i1.6189
https://doi.org/10.1039/B107167J
https://doi.org/10.29122/jai.v8i2.2376
https://doi.org/10.18860/neu.v0i0.2587
https://doi.org/10.1016/j.memsci.2017.02.026
https://doi.org/10.1002/wer.10714
https://doi.org/10.1021/es702746n
https://doi.org/10.31938/jsn.v7i2.256
https://doi.org/10.1016/j.watres.2015.06.009
https://doi.org/10.26418/jtllb.v7i2.35978
https://doi.org/10.1038/ncomms10155
https://doi.org/10.1039/D0EW00982B
https://doi.org/10.3390/su16020623
https://doi.org/10.1021/acs.est.1c04501
https://doi.org/10.1080/19443994.2013.768791
https://doi.org/10.1007/978-981-16-7711-3_7
https://doi.org/10.3390/w15112054


Norita et al Improving Peat Water Quality … 

 

 Reflection Journal December 2025 Vol. 5, No. 2 | |774 

 

Zulya, F., Adnan, F., Dewi, Y., Nugroho, S., Malik, I., Tirana, Y., … & Waryati, W. (2022). Perancangan 
cascade aerator untuk menurunkan parameter besi dan mangan dalam pengolahan air sumur. 
Jurnal Teknologi Lingkungan UNMUL, 6(2), 18–25. https://doi.org/10.30872/jtlunmul.v6i2.9712 

 

https://doi.org/10.30872/jtlunmul.v6i2.9712

