
 

 

 Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

International Journal of Engineering, Science and Information Technology 
Volume 6 No. 2 (2026) pp. 14-19 

ISSN 2775-2674 (online) 

Website: http://ijesty.org/index.php/ijesty  

DOI: https://doi.org/10.52088/ijesty.v6i2.1748 

Research Paper, Short Communication, Review, Technical Paper 

 

 

Sustainable Exploration of Peat Water for Drinking Water 

Resilience in the Remote Community of Muara Enggelam 
 

Ansahar1*, Irkhamiawan Ma’ruf2, Bondansari3, Sherly Trifena Karundeng4 

 
1Centre for Research and Environmental Management Studies, Faculty of Engineering, University of Kutai Kartanegara, Tenggarong, 

Indonesia 
2Department of Aquaculture, Faculty of Agriculture, Universitas Muhammadiyah Palembang, Palembang, Indonesia 

3Center for Environment and Sustainable Development, Universitas Muhammadiyah Palembang, Palembang, Indonesia 
4Faculty of Science and Technology, Universitas Nahdlatul Ulama Purwokerto, Indonesia 

 

*Corresponding author Email: ansahar@unikarta.ac.id 

 

 
The manuscript was received on 19 June 2025, revised on 18 September 2025, and accepted on 15 April 2026, date of publication 21 April 2026 

Abstract 

 

Peat water is an abundant raw water source in tropical peatlands; however, its use for drinking water is constrained by its acidic pH, high 

colour, elevated levels of natural organic matter (NOM), and microbial contamination, all of which increase the risk of carcinogenic 

disinfection byproducts when chlorinated. In Muara Enggelam Village, Kutai Kartanegara Regency, communities rely heavily on peat 

water and incur high costs to obtain clean water from neighbouring areas. This study aimed to design a laboratory-validated hybrid water 

treatment system capable of producing potable water from peat sources in remote communities. Water samples were collected from 

upstream, downstream, and an existing community treatment unit and analysed for physical, chemical, and microbiological parameters. 

Raw peat water exhibited acidic pH (5.11–5.66), high colour (176–235 TCU), turbidity (21.8–85.9 NTU), elevated iron concentrations 

(0.2–0.4 mg/L), and severe microbial contamination. The existing community system effectively reduced turbidity and iron, but further 

reduced pH, leaving residual colour and detectable bacteria. Based on laboratory results and process evaluation, a four-stage hybrid system 

is proposed, consisting of pH neutralisation with quicklime, controlled coagulation–flocculation, multistage filtration using quartz sand, 

activated carbon, and ion-exchange resin, followed by ultraviolet disinfection to prevent disinfection byproduct formation. System 

sustainability is supported through a village-owned enterprise management model and community willingness to pay of IDR 50,000–

150,000 per month. The proposed system demonstrates that peat water can be transformed into a safe, resilient drinking water source for 

remote tropical communities through an integrated technical and institutional approach. 
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1. Introduction 

Access to clean water is an essential human right and a fundamental necessity for health, sanitation, and quality of life [1]. In tropical peat 

swamp areas such as Muara Enggelam Village, Kutai Kartanegara Regency, East Kalimantan, access to safe drinking water remains a 

major challenge due to the community's reliance on peat water. Water source characterised by poor quality, including brownish colour, 

acidic pH, and high concentrations of natural organic matter (NOM), particularly humic and fulvic compounds [2][3]. Although abundant, 

peat water is often considered unsuitable as a raw water source for consumption because it poses potential long-term health risks, including 

digestive disorders and exposure to carcinogenic disinfection byproducts (DBPs) when treated with chlorine [4]. 

Muara Enggelam Village is a remote and geographically isolated community, lacking permanent land access and entirely dependent on 

Lake Melintang as its primary water source [5]. Residents have long been forced to purchase clean water from neighbouring villages at 

high cost, with limited access by motorised boat. Although some households have attempted to treat peat water independently using alum-

based coagulation–flocculation systems, the results remain suboptimal: pH decreases to more acidic levels (4.84), residual color persists 

(19 TCU), and Escherichia coli remains detectable (<20 MPN/100 mL), indicating that the treated water does not meet the quality standards 

stipulated in Government Regulation No. 22 of 2021 (Class II). 

Conventional peat water treatment is often ineffective or uneconomical because it requires high coagulant dosages and poses a risk of 

forming hazardous DBPs, such as trihalomethanes (THMs) and haloacetic acids (HAAs), during chlorination [6]. Peat water contains high 

concentrations of NOM, primarily in the form of humic substances [3][1][7], which act as major precursors for DBP formation. 

Chlorination of water with elevated NOM content can generate THMs and HAAs compounds that are carcinogenic and mutagenic [8], 

often exceeding the safety limits established by the U.S. Environmental Protection Agency (USEPA) of 80 µg/L for THM4 and 60 µg/L 
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for HAA5 [9]. Furthermore, conventional coagulation processes mainly remove hydrophobic, high-molecular-weight organic fractions 

[10], while hydrophilic NOM fractions remain in the treated water and continue to serve as DBP precursors [11]. Previous studies have 

shown that alum (Al₂(SO₄)₃) coagulation effectively reduces turbidity and colour but further lowers pH due to aluminium sulfate hydrolysis, 

which produces sulfuric acid [6]. Increased acidity may accelerate corrosion in distribution systems and promote the leaching of heavy 

metals into treated water. 

Therefore, an appropriate and context-specific technological approach is required, one that is not only technically effective but also socially 

and economically sustainable. In this context, the present study proposes a hybrid water treatment system consisting of: (1) pH 

neutralization using quicklime (CaO), (2) controlled coagulation–flocculation with alum at dosages of 15–30 mg/L, (3) multistage filtration 

using quartz sand, activated carbon, and IRA-958 ion-exchange resin, and (4) ultraviolet (UV) disinfection to avoid chlorine use and 

minimize health risks [1][11]. This treatment combination has been shown to remove more than 86% of dissolved organic carbon (DOC) 

and over 99% of colour without generating DBPs [1][11]. 

The Sustainability of the proposed system depends strongly on a governance model based on a Village-Owned Enterprise (Badan Usaha 

Milik Desa, BUMDes) and community willingness to pay (WTP) of IDR 50,000–150,000 per month, as identified through field surveys 

[12]. This approach addresses technical challenges while strengthening community resilience against clean water crises and transforming 

peat water from a perceived limitation into a strategic resource for sustainable exploration [13]. Previous studies have demonstrated that 

non-chlorine-based treatment approaches, such as microbubble pre-ozonation, can reduce the potential for THM and HA formation by 

more than 90% [1]. In addition, peatland degradation caused by land-use conversion has been reported to increase DOC release and DBP 

risks [14]. 

This study aims to design and recommend an effective, affordable, and easily manageable peat-water treatment system for local 

communities, validated through laboratory analysis and a multidimensional sustainability assessment. The findings are expected to provide 

a replicable model for tropical peatland communities across Indonesia and Southeast Asia. Moreover, the absence of formal water supply 

infrastructure, such as PDAM services or functional PAMSIMAS facilities in Muara Enggelam, highlights systemic challenges in rural 

water provision [13]. The failure of PAMSIMAS implementation underscores that infrastructure investment alone is insufficient without 

strong community engagement and institutional integration. Consequently, this study emphasises institutional readiness as a prerequisite 

for successful technical implementation. Seasonal variability in peat water quality driven by rainfall patterns must also be considered. 

Climate-induced fluctuations significantly affect DOC release, particularly during wet seasons [7]. In Muara Enggelam, where annual 

rainfall exceeds 2,000 mm, increased runoff elevates NOM concentrations and turbidity, challenging treatment consistency. Therefore, the 

proposed system incorporates buffer capacity and adaptive operational controls to maintain performance throughout seasonal variations. 

2. Methods 

This study employed a mixed-methods approach integrating a literature review, laboratory analysis, field surveys, and engineering design 

to develop an effective and sustainable hybrid water treatment system for peat water in Muara Enggelam Village, Kutai Kartanegara 

Regency, East Kalimantan. Water sampling was conducted on November 29, 2023, at three strategic locations: (1) the upstream section of 

the Enggelam River (E: 116°18'48.2", S: 00°14'00.4"), (2) the downstream section of the Enggelam River (E: 116°20'07.0", S: 00°14'57.5"), 

and (3) the community water treatment unit (Isi Ulang Air Minum Enggelam; E: 116°19'49.16", S: 00°14'42.3"). 

Water samples were collected using the grab sampling method in accordance with SNI 6989.57:2008, with 5 litres collected at each 

sampling point. The samples were subsequently transported to the Environmental Laboratory of UPTD DLHK Kutai Kartanegara on 

November 30, 2023. Laboratory analyses were conducted to evaluate physical, chemical, and microbiological parameters in compliance 

with Government Regulation No. 22 of 2021 (Class II). The analysed parameters included temperature, total dissolved solids (TDS), total 

suspended solids (TSS), colour, electrical conductivity (EC), turbidity, pH, biochemical oxygen demand (BOD₅), chemical oxygen demand 

(COD), salinity, Escherichia coli, and total coliform. Standard analytical methods were applied, including SNI 6989.11:2019 for pH, SNI 

6989.80:2011 for colour, and SM 9223 B for microbiological analysis. Raw and treated water quality data were obtained directly from 

official laboratory test reports issued by UPTD DLHK Kutai Kartanegara [15]. 

In addition to laboratory analysis, in-depth interviews and structured questionnaire surveys were administered to 30 residents to assess 

willingness to pay (WTP) and perceptions of clean water quality. Respondents were selected through purposive sampling, with eligibility 

criteria including household heads who actively relied on local water sources. The survey results indicated that most respondents were 

willing to pay between IDR 50,000 and IDR 150,000 per month for reliable and affordable access to clean water [12]. 

Based on laboratory findings and field observations, a hybrid water treatment system was proposed consisting of: (1) pH neutralization 

using quicklime (CaO), (2) coagulation–flocculation using alum (Al₂(SO₄)₃) at dosages of 15–30 mg/L, (3) multistage filtration using 

quartz sand, granular activated carbon, and IRA-958 ion-exchange resin, and (4) ultraviolet (UV) disinfection using a Wonder UV Sterilizer 

12 GP unit. A detailed engineering design (DED) and budget plan (RAB) were developed for a community-scale system with a treatment 

capacity of 1,200 litres per hour, powered by a 2,500-watt solar energy system. System sustainability is supported through a governance 

model managed by a Village-Owned Enterprise (Badan Usaha Milik Desa, BUMDes), with operational costs covered by monthly 

community contributions aligned with the WTP survey results. The system is designed for local operation and maintenance, supported by 

technical training facilitated through BUMDes.  

3. Results and Discussion 

3.1. Characteristics of Raw Peat Water 
Laboratory analysis results indicate that raw peat water in Muara Enggelam Village has a quality far below the Indonesian drinking water 

standards (Permenkes No. 2/2023) and Class II requirements (Government Regulation No. 22/2021). The critical parameters include: 

Acidic pH: 5.11–5.66, below the standard range of 6.5–8.5, indicating the dominance of humic and fulvic acids from organic decomposition 

[2]. High colour: 176–235 TCU, significantly exceeding the standard limit of 10 TCU, due to high concentrations of hydrophobic Natural 

Organic Matter (NOM) [3]. Turbidity: 21.8–85.9 NTU, surpassing the maximum allowable level of 3 NTU, which indicates the presence 

of suspended particulates. Iron (Fe): 0.2–0.4 mg/L, exceeding the regulatory standard of 0.2 mg/L, potentially causing metallic taste and 

staining on fabrics or fixtures. Microbiological contamination: Total coliforms reached 3,836 MPN/100mL and E. coli at 126 MPN/100mL, 
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indicating fecal contamination and a significant risk of diarrheal diseases [16]. These findings are consistent with studies by Qadafi et al. 

(2020) in Kalimantan, who reported UV₂₅₄ values >1.6/cm and SUVA >4.9 L/mg·m, confirming a predominance of hydrophobic NOM 

fractions—primary precursors of carcinogenic disinfection byproducts (DBPs) such as trihalomethanes (THMs) and haloacetic acids 

(HAAs) upon chlorination. The geographic and climatic conditions of the tropical wetland strongly influence the concentration of natural 

organic matter in peat water.  

Moreover, the presence of trace metals such as manganese (<0.02 mg/L) and chromium (<0.0065 mg/L) (though below regulatory 

thresholds) suggests potential cumulative toxicity risks if consumed long-term [15]. While not currently exceeding limits, continuous 

exposure to low concentrations of heavy metals in drinking water may lead to bioaccumulation in human tissues, particularly in children 

and elderly populations. Given that peat water is used daily for cooking and consumption, the precautionary principle supports advanced 

filtration to proactively remove all dissolved metals. The integration of ion-exchange resins, such as IRA-958, ensures comprehensive 

removal of both cationic and anionic contaminants beyond the capabilities of conventional treatment. Seasonal variation also affects peat 

water quality, with higher turbidity and lower pH observed during peak rainy months. According to the Final Report, rainfall intensity 

directly influences surface runoff, increasing suspended solids and organic load in river water [17]. During the wet season (October–

March), average precipitation reaches 424 mm/month, leading to elevated TSS (up to 22.1 mg/L) and fluctuating pH (5.11–5.66). This 

implies that treatment systems must be robust enough to handle variable influent quality, requiring adaptive dosing strategies for coagulants 

and neutralizers. Such hydrological dynamics underscore the need for pretreatment stabilization units before core processing. 

 

Table 1. Physical, chemical, and microbiological characteristics of raw peat water in Muara Enggelam village 

Parameter Unit Upstream Downstream Regulatory (Pp 22/2021) Status 

Temperature °C 30.9 32.1 
±3°C deviation from 

ambient temperature 
Compliant 

Total Dissolved Solids (TDS) mg/L 44.3 68.0 <1,000 Compliant 

Total Suspended Solids (TSS) mg/L 22.1 5.33 <50 Compliant 

Color TCU 235.0 176.0 ≤10 Non-compliant 

Conductivity (DHL) µmhos/cm 44.8 22.2 – – 

Odor – Odorless Odorless Odorless Compliant 

Turbidity NTU 85.9 21.8 ≤3 Non-compliant 

pH – 5.66 5.11 6.5–8.5 Non-compliant 

BOD₅ mg/L 2.07 2.08 ≤3 Compliant 

COD mg/L 38.1 46.0 ≤25 Non-compliant 

Salinity % 0.02 0.01 – – 

Iron (Fe) mg/L 0.2–0.4 0.2–0.4 ≤0.2 Non-compliant 

Manganese (Mn) mg/L <0.02 <0.02 ≤0.1 Compliant 

Chloride (Cl⁻) mg/L <0.3 <0.3 – – 

Fluoride (F⁻) mg/L <0.098–0.2 <0.098–0.2 ≤1.5 Compliant 

Nitrate (as N) mg/L 1–4 1–4 ≤20 Compliant 

Nitrite (as N) mg/L <0.0059-0.009 <0.0059-0.009 ≤3 Compliant 

Hexavalent Chromium (Cr-

VI) 
mg/L <0.0065 <0.0065 ≤0.01 Compliant 

Arsenic (As) mg/L <0.0006 <0.0006 ≤0.01 Compliant 

Cadmium (Cd) mg/L 0.0006 0.0006 ≤0.03 Compliant 

Lead (Pb) mg/L 0.0007-0.0009 0.0007-0.0009 ≤0.01 Compliant 

Aluminum (Al) mg/L <0.02 <0.02 ≤0.2 Compliant 

E. coli MPN/100mL 126 40 0 Non-compliant 

Total Coliform MPN/100mL 3,836 3,13 0 – 

 

3.2. Performance of the Community Water Treatment System 
The community's self-managed water treatment system (Figure 15) employs coagulation-flocculation (alum), sedimentation, sand-gravel 

filtration, and UV disinfection. The results show that turbidity was drastically reduced to 0.93 NTU, meeting the regulatory standard. Iron 

(Fe) concentration decreased to 0.07 mg/L, meeting quality standards. Total coliform levels dropped to 40 MPN/100mL, and E. coli was 

detected at <20 MPN/100mL. However, this system exhibits several critical shortcomings: The pH dropped to 4.84, making it more acidic 

than the raw water, due to alum hydrolysis, which produces sulfuric acid [6]. Residual colour remains high at 19 TCU, still exceeding the 

maximum allowable limit of 10 TCU, because hydrophilic fractions of Natural Organic Matter (NOM) are not effectively removed by 

conventional coagulation [10]. E. coli is still detectable, indicating either suboptimal UV disinfection performance or post-treatment 

contamination. These findings confirm that a single-stage coagulation-flocculation process is insufficient for treating tropical peat water, 

particularly in managing hydrophilic NOM and stabilising pH. While a combination of coagulation and ultrafiltration can significantly 

enhance the rejection efficiency of natural organic matter from water [18], such advanced technology is not currently implemented in the 

community's existing system. Further investigation reveals that the lack of pH buffering before coagulation intensifies acidification, 

reducing overall treatment efficiency [15]. Adding alum without prior alkalinity adjustment reduces the system's buffering capacity, 

accelerating pH decline. This phenomenon is well documented in small-scale treatment plants, where rapid acidification compromises 

downstream processes. In Muara Enggelam, this issue prevents the system from achieving full pathogen inactivation and increases the 

corrosivity of stored water, posing risks to galvanised storage tanks and distribution components. Additionally, the filter media composition 

lacks specificity for NOM fractionation. The current setup uses only quartz sand and gravel, which cannot adsorb dissolved organic 

compounds effectively [18]. Hydrophilic NOM, which constitutes up to 30% of total DOC in tropical peat water, passes through coarse 

filters and contributes to persistent color and DBP formation risk. Advanced media, such as granular activated carbon (GAC) and ion-
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exchange resins, are necessary to capture these low-molecular-weight organics. The absence of such layers in the existing system explains 

why residual color remains problematic despite excellent turbidity reduction. 

 

Table 2. Performance comparison of the community-based peat water treatment system in Muara Enggelam 

Parameter Unit 
Raw Water 

(Average) 

Treated Water 

(Community Unit) 

Regulatory Standard 

(Pp22/2021) Class II 
Change (10%) 

Temperature °C 30.9–32.1 29.9 
±3°C deviation from 

ambient 
 

Total Dissolved 

Solids (TDS) 
mg/L 44.3–68.0 39.3 <1,000 ↓ ~15% 

Total Suspended 

Solids (TSS) 
mg/L 5.33–22.1 2.60 <50 ↓ ~50% 

Color TCU 176–235 19.0 ≤10 
↓ ~90% (still non- 

compliant) 

Conductivity (DHL) µmhos/cm 22.2–44.8 50.2 – ↑ +12% 

Odor – Odorless Odorless Odorless No change 

Turbidity NTU 21.8–85.9 0.93 ≤3 ↓ >95% (Compliant) 

pH – 5.11–5.66 4.84 6.5–8.5 
↓ more acidic (Non-

compliant) 

BOD₅ mg/L 2.07–2.08 2.89 ≤3 
↑ slight increase (still 

compliant) 

COD mg/L 38.1–46.0 13.0 ≤25 ↓ >70% (Compliant) 

Iron (Fe) mg/L 0.2–0.4 0.07 ≤0.2 ↓ >80% (Compliant) 

E. coli MPN/100mL 40–126 <20 0  

Total Coliform MPN/100mL 3,130–3,836 40.0 0 
↓ >98% (Still 

detectable) 

 

3.3. Recommended Hybrid System 
Based on laboratory findings and relevant literature [6][11], a four-stage hybrid water treatment system is recommended. The system 

consists of the following components. 

1. pH neutralization using quicklime (CaO). This stage neutralises water acidity before coagulation, thereby preventing excessive pH 

reduction and improving coagulant efficiency [6]. 

2. Coagulation–flocculation using alum (Al₂(SO₄)₃) at dosages of 15 to 30 mg/L. This process removes suspended solids and hydrophobic 

fractions of natural organic matter (NOM). 

3. Multistage filtration using quartz sand, granular activated carbon, and IRA-958 ion-exchange resin. Granular activated carbon adsorbs 

residual organic compounds [19][20], while the ion-exchange resin effectively removes hydrophilic NOM fractions and dissolved 

metals [21]. 

4. Ultraviolet (UV) disinfection. This process eliminates the need for chlorination and prevents the formation of carcinogenic disinfection 

byproducts (DBPs), including trihalomethanes (THMs) and haloacetic acids (HAAs) [1]. 

 

This integrated system addresses critical water quality parameters, including pH, colour, turbidity, metal content, NOM, and microbial 

contamination, without generating hazardous byproducts. Previous studies have demonstrated that such treatment configurations can reduce 

DBP formation potential by up to 90.7-91.04% [1]. 

Activated carbon is effective in removing hydrophilic NOM fractions and volatile organic compounds [18]. Antifouling membrane 

technologies, such as ZnO composite membranes, can further enhance filtration performance by extending system lifespan [19]. 

Electrocoagulation also represents an environmentally friendly alternative to conventional chemical coagulation methods [20]. High total 

dissolved solids (TDS) concentrations above 300 mg/L may increase the risk of kidney stone formation if consumed over prolonged periods 

[21], while elevated conductivity may accelerate pipe corrosion in distribution systems [22]. In addition, social factors, including changes 

in household activity patterns such as work-from-home practices, can influence clean water consumption levels [23]. Continuous 

electrocoagulation combined with adsorption is effective for treating tropical brackish water [24]. Fundamental principles of water 

treatment, including reservoir design and distribution systems, are well established in classical engineering literature [25]. The health risks 

associated with trihalomethane exposure through drinking water are also well documented [26]. Low-cost adsorption using locally available 

clay materials has been identified as a potential approach to reduce NOM concentrations [27]. UV disinfection is widely recognised as an 

effective method for eliminating pathogenic microorganisms without forming DBPs [28]. 

The use of IRA-958 ion-exchange resin is particularly important for capturing charged organic molecules that are not removed through 

coagulation or carbon adsorption [11]. This resin selectively targets low-molecular-weight carbonyl and carboxylic compounds that 

dominate hydrophilic NOM fractions. Its application in reverse osmosis permeate treatment has demonstrated removal efficiencies 

exceeding 90 per cent [11]. When applied in peat water treatment systems, IRA-958 complements activated carbon by removing residual 

organic compounds that contribute to long-term DBP formation, thereby improving overall dissolved organic carbon (DOC) reduction and 

effluent safety. 

To enhance long-term system performance, antifouling membrane technologies may be considered for future system upgrades. 

Polypropylene and ZnO composite hollow fibre membranes have been shown to resist biofouling and maintain stable flux under prolonged 

operation [19]. In tropical environments such as Muara Enggelam, where microbial regrowth is common, antifouling properties can extend 
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filter lifespan, reduce maintenance frequency, and minimise operational downtime, thereby improving service reliability under high 

humidity and biological loading conditions. 

3.4. Sustainability and Governance 
Operational Sustainability is supported through a governance model based on a Village-Owned Enterprise (Badan Usaha Milik Desa, 

BUMDes) combined with community willingness to pay (WTP) ranging from IDR 50,000 to IDR 150,000 per month. This model 

strengthens local water security by reducing dependence on external water supplies and aligns with principles of disaster resilience [12]. It 

also addresses lessons from previous project failures, including inactive PAMSIMAS facilities, which demonstrate that infrastructure 

investment without institutional and social support is unlikely to be sustainable [22]. 

The integration of renewable energy, particularly a 2,500-watt solar power system, reduces the carbon footprint and enhances energy 

resilience [29]. Energy independence is essential for continuous operation in remote areas with limited or unreliable grid access. In addition, 

the refill water depot model managed by BUMDes ensures hygienic distribution while generating a sustainable local income stream [22]. 

Through the operation of a clean water kiosk, BUMDes contributes to public health improvement and local economic empowerment by 

creating employment opportunities and reinvesting revenue into community development. This model, which integrates water treatment 

technology, decentralised governance, financial self-sufficiency, and renewable energy, is scalable and applicable to peatlands in Kutai 

Kartanegara and other tropical wetland regions of Southeast Asia [30]. 

The effectiveness of BUMDes management depends on clearly defined institutional roles, transparent financial systems, and continuous 

technical capacity building. Regular operator training and the implementation of standardised operating procedures are essential to prevent 

mismanagement and system degradation. Embedding technical training within BUMDes activities enhances community autonomy in 

system operation and maintenance, reduces dependence on external technical support, and lowers long-term operational costs. Economic 

viability is further strengthened through direct community participation in system financing and management. The WTP mechanism 

promotes user ownership and accountability, as households that contribute financially tend to value services more highly and demand better 

quality [12]ss. This collective responsibility encourages proper system use and timely reporting of technical issues. With projected monthly 

household contributions of IDR 50,000 to IDR 150,000, the system can generate sufficient revenue to cover routine maintenance, 

consumables, and minor repairs, thereby creating a closed-loop financial model centred on sustainable clean water provision.   

4. Conclusion  

This study identified the critical characteristics of peat water in Muara Enggelam Village, Kutai Kartanegara Regency, East Kalimantan, 

as an abundant yet problematic raw water source. Laboratory analyses showed that raw peat water exhibited acidic pH values ranging from 

5.11 to 5.66, high colour intensity between 176 and 235 TCU, turbidity levels of 21.8 to 85.9 NTU, iron concentrations exceeding regulatory 

limits at 0.2 to 0.4 mg/L, and severe microbiological contamination, with total coliform counts reaching up to 3,836 MPN/100 mL. The 

community-managed treatment system based on alum coagulation–flocculation effectively reduced turbidity to 0.93 NTU and iron 

concentrations to 0.07 mg/L. However, the process further decreased pH to 4.84 and failed to adequately remove residual colour (19 TCU) 

and Escherichia coli (<20 MPN/100 mL). These results confirm that conventional single-stage treatment is insufficient to produce water 

that meets drinking water quality standards. Based on these findings, a four-stage hybrid treatment system is recommended, consisting of 

pH neutralization with quicklime (CaO), controlled coagulation–flocculation with alum at 15-30 mg/L, multistage filtration with quartz 

sand, granular activated carbon, and IRA-958 ion-exchange resin, followed by ultraviolet disinfection. This configuration avoids chlorine 

application, thereby minimising the risk of forming carcinogenic disinfection byproducts such as trihalomethanes and haloacetic acids. 

The long-term Sustainability of the proposed system depends on a governance model managed by a Village-Owned Enterprise (Badan 

Usaha Milik Desa, BUMDes) and supported by community willingness to pay ranging from IDR 50,000 to IDR 150,000 per month. This 

approach addresses technical limitations while strengthening community resilience to clean water shortages and enabling peat water to be 

utilised as a strategic resource through sustainable exploration. The findings demonstrate that science-based treatment technologies 

combined with participatory planning and decentralised governance can support water self-reliance in remote communities. 

The integration of a solar-powered energy system further enhances Sustainability by reducing dependence on fossil fuels and improving 

climate adaptation capacity. Off-grid operation ensures service continuity during floods or fuel supply disruptions, which are common in 

peatland regions. Together, appropriate treatment technologies, renewable energy use, and community-based management provide a 

practical, replicable model for overcoming water-quality constraints and promoting resilient development in tropical peatland areas. 
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