
Improving The Quality of Drinking Water for The 
Community with Membrane and Ultraviolet 
Filtration Technology  

Dikianur Alvianto1, Taufikkilah Romadhon1, and Panggulu Ahmad Ramadhani Utoro1,* 
1Department of Agricultural Product Technology, Mulawarman University, Jl. Tanah Grogot Kampus 
Gunung Kelua, Indonesia, 75119, Indonesia 

Abstract. Access to safe drinking water remains a critical public health 
priority. This study evaluates the effectiveness of a combined membrane and 
ultraviolet (UV) filtration system in improving water quality parameters to 
meet the Indonesian Ministry of Health standards No.2 2023. Raw water 
samples (A) and treated water samples (B) were analyzed for TDS, turbidity, 
color, pH, nitrate, and nitrite using standardized methods (SNI). Results 
showed substantial reductions in TDS from 172 mg/L to 122 mg/L, turbidity 
from 136 NTU to 11 NTU, and color from 36.4 PtCo to 12.2 PtCo. pH 
improved from 5.85 to 6.26, approaching the acceptable range of 6.5–8.5. 
Nitrate and nitrite concentrations remained well below maximum limits, 
with slight variations after treatment (nitrate: 0.495 to 0.658 mg/L; nitrite: 
0.375 to 0.071 mg/L). The membrane filtration effectively removed 
suspended solids and reduced turbidity, while UV treatment provided 
microbial disinfection without altering chemical composition. These 
findings confirm that integrating membrane and UV technologies can 
significantly enhance the physicochemical quality of drinking water, making 
it safer for community consumption. The approach offers a practical, 
scalable solution for rural and peri-urban areas with limited access to 
centralized water treatment facilities. Future research should support broader 
implementation.  

1 Introduction 

Access to safe drinking water is universally acknowledged as a fundamental human right and 
a cornerstone of sustainable development. Despite global commitments to the Sustainable 
Development Goals (SDG 6), which emphasize universal access to clean water and 
sanitation, more than two billion people worldwide still lack safely managed drinking water 
services (1). Unsafe water remains a leading cause of preventable diseases, particularly 
diarrheal illnesses, which disproportionately affect children under five years old and 
contribute significantly to global morbidity and mortality (2). Beyond health, inadequate 
access to potable water undermines education, economic productivity, and gender equity, as 
women and children often bear the burden of water collection in resource-limited settings 
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(3). In Indonesia, the challenge is particularly acute in rural and peri-urban areas, where 
communities frequently rely on untreated surface water, shallow wells, or rainwater 
harvesting systems that are highly vulnerable to contamination (1). These conditions 
underscore the urgent need for innovative, affordable, and sustainable water treatment 
technologies that can be deployed at the community level. 
The importance of addressing water quality is further emphasized by the complex array of 
contaminants commonly found in untreated water sources. Physicochemical parameters such 
as turbidity, color, total dissolved solids (TDS), and pH, as well as chemical pollutants 
including nitrates, nitrites, and detergents, often exceed permissible limits in rural water 
supplies (4). Elevated turbidity and color not only reduce the aesthetic acceptability of water 
but also interfere with disinfection processes, shielding microorganisms from inactivation 
(5). High TDS levels, while not always directly harmful, can impart undesirable taste and 
may indicate the presence of harmful ions such as chlorides or sulfates (6). Nitrate and nitrite 
contamination, frequently linked to agricultural runoff, pose significant health risks, 
including methemoglobinemia in infants and potential carcinogenic effects (7). Moreover, 
microbial pathogens such as Escherichia coli, Cryptosporidium, and enteric viruses remain 
prevalent in untreated water, contributing to outbreaks of gastrointestinal illness (8). Climate 
change and extreme weather events further exacerbate these risks by altering hydrological 
cycles, increasing the frequency of floods and droughts, and thereby destabilizing water 
quality and availability (9). 
The central research problem addressed in this study is the inadequacy of conventional water 
sources in meeting national and international drinking water standards. In many Indonesian 
communities, raw water exhibits turbidity, color, and TDS levels that exceed permissible 
limits, rendering it unsafe for direct consumption. Conventional centralized water treatment 
systems, while effective, are often inaccessible or unaffordable for rural populations due to 
high infrastructure and operational costs (10). As a result, communities are left with limited 
options, relying on boiling or chemical disinfection methods that may be insufficient, costly, 
or unsustainable in the long term (11). The challenge, therefore, lies in identifying and 
implementing decentralized water treatment solutions that are both technically effective and 
socially acceptable. 
General solutions to this problem have focused on point-of-use and community-scale 
technologies that can improve water quality at the household or village level. These include 
ceramic filters, biosand filters, chlorination, solar disinfection, and membrane-based systems 
(12). Each approach has advantages and limitations. For example, chlorination is inexpensive 
and effective against bacteria but less so against protozoa and viruses, and it may produce 
disinfection by-products. Solar disinfection is low-cost but dependent on weather conditions 
and requires long exposure times (13). Membrane technologies, while more effective in 
removing a broad range of contaminants, face challenges related to fouling, maintenance, 
and cost (14). These considerations underscore the need for integrated approaches that 
combine complementary technologies to maximize effectiveness while minimizing 
limitations. Recent assessments of mobile point-of-use membrane-based appliances in 
Indonesia have shown promising results in reducing nitrate, nitrite, ammonia, and fluoride 
levels, while maintaining stable flow rates and low fouling, making them suitable for low-
income communities (15). 
Broader spatial analyses also show that well water quality in Jakarta is strongly influenced 
by topography, population density, and flood-related factors, underscoring the importance of 
local context in water safety strategies (16). 
One promising solution is the integration of membrane filtration with ultraviolet (UV) 
disinfection. Membrane filtration, including microfiltration and ultrafiltration, provides a 
physical barrier to suspended solids, turbidity, and pathogens, significantly improving the 
physical and aesthetic quality of water (17). Ultrafiltration membranes, in particular, are 
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effective in removing bacteria, protozoa, and some viruses, while also reducing turbidity and 
color (12). However, membranes alone may not fully address microbial risks, especially 
viruses and bacteria that can pass through or proliferate in storage systems. UV disinfection 
complements membrane filtration by inactivating microorganisms through DNA damage, 
preventing replication and infection (18). Importantly, UV treatment does not alter the 
chemical composition of water, making it suitable for integration with membrane systems. 
Previous studies have demonstrated the effectiveness of membrane-UV systems in improving 
water quality. (19) reported that combined systems achieved significant reductions in 
microbial contamination and improved physicochemical parameters in decentralized 
applications. Similarly, studies in rural and peri-urban contexts have shown that membrane-
UV integration can provide safe drinking water with relatively low energy requirements and 
minimal chemical inputs (10,12). Nevertheless, challenges remain, particularly in contexts 
where raw water exhibits extremely high turbidity or color, which can reduce UV 
effectiveness and accelerate membrane fouling (14). These findings suggest that while 
membrane-UV systems hold promise, their performance must be empirically evaluated under 
specific local conditions to determine feasibility and sustainability. 
The literature on decentralized water treatment highlights both the potential and the 
limitations of membrane-UV systems. While numerous studies have documented 
improvements in microbial safety and reductions in turbidity and TDS, fewer have examined 
the performance of these systems in Southeast Asian contexts, particularly in Indonesia. 
Moreover, existing research often focuses on laboratory or pilot-scale studies, with limited 
data on real-world community applications (19). This gap is significant, as local 
environmental conditions, water quality characteristics, and community practices can greatly 
influence system performance and sustainability (9). Addressing this gap requires empirical 
studies that evaluate membrane-UV systems under field conditions, providing evidence to 
inform policy and practice. 
The objective of the present study is to evaluate the effectiveness of a combined membrane 
and UV system in improving drinking water quality in an Indonesian community context. 
The novelty of this research lies in its empirical assessment of system performance under 
real-world conditions, focusing on key physicochemical parameters such as TDS, turbidity, 
color, pH, nitrate, and nitrite. The hypothesis is that the integration of membrane filtration 
and UV disinfection will significantly improve water quality, bringing most parameters 
within the limits set by the Indonesian Ministry of Health Regulation No. 2 of 2023. The 
scope of the study includes systematic sampling of raw and treated water, laboratory analysis 
of key parameters, and comparison with national standards. By addressing a critical gap in 
the literature and providing context-specific evidence, this study contributes to the broader 
discourse on decentralized water treatment and supports efforts to achieve universal access 
to safe drinking water. 

2 Methods 

This chapter outlines the methodological framework employed in the study evaluating the 
effectiveness of a combined membrane and ultraviolet (UV) filtration system for improving 
drinking water quality in rural Indonesian communities. The methodology is structured to 
ensure clarity, reproducibility, and alignment with national and international standards for 
water quality assessment. The study was carried out in a rural community in East Kalimantan, 
Indonesia, where access to centralized water treatment facilities is limited.  
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2.1 Research Design 

The study adopted an experimental research design with a comparative approach. Raw water 
samples (Sample A) were collected from local community sources, while treated water 
samples (Sample B) were obtained after processing through the integrated membrane and 
UV filtration system. The design allowed for direct comparison of physicochemical 
parameters before and after treatment. The membrane and UV-based membrane filtration 
tool is a modification of research (15) and can be seen in (Figure 1).  

Fig. 1. The membrane and UV-based membrane filtration tool 

The filtration unit employed a Polypropylene (PP) sediment filter cartridge (microfiltration) 
as the primary barrier for suspended solids. The filter had a pore size rating of 0.1–1 µm 
to effectively retain particulate matter and turbidity prior to UV disinfection. The 
filtration process operated at a constant flow rate of 8–10 L/minute driven by a feed 
pump pressure of 0.2–0.3 MPa. This configuration was selected for its cost-
effectiveness and chemical inertness, providing a robust pre-treatment stage to ensure 
optimal UV transmittance (15,20). This configuration was selected for its ability to remove 
suspended solids, turbidity, bacteria, and protozoa. The UV unit was installed downstream 
of the membrane filter. It consisted of a low-pressure mercury vapor lamp emitting at 254 
nm, a wavelength proven effective for microbial inactivation. The UV dose was 
maintained at >40 mJ/cm², sufficient to inactivate bacteria, viruses, and protozoa. The 
membrane and UV units were integrated in series, with the membrane serving as a pre-
treatment step to reduce turbidity and suspended solids, thereby enhancing UV 
penetration and disinfection efficiency.  

2.2 Analytical Procedure 

Parameters were selected based on their relevance to both aesthetic and health-related aspects 
of drinking water quality, as defined by the Indonesian Ministry of Health Regulation No. 2 
of 2023 (21). All analyses were conducted using standardized methods from the Indonesian 
National Standard (SNI). Six key water quality parameters were analyzed.: 

• Total Dissolved Solids (TDS) : Gravimetric method (SNI 6989.27:2019)
• Turbidity : Nephelometric method (SNI 06-6989.25-2005)
• Color : Platinum-Cobalt method (SNI 6989.80:2011)
• pH : Electrometric method (SNI 6989.11:2019)
• Nitrate (NO₃⁻) : Spectrophotometric method (SNI 19-6964.7-2003)
• Nitrite (NO₂⁻) : Spectrophotometric method (SNI 06.6989.9-2004)
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2.3 Data Analysis 
The results of raw and treated water samples were compared against the permissible limits 
specified in the Indonesian Ministry of Health Regulation No. 2 of 2023 (21). To ensure the 
reliability of results, several quality assurance measures were implemented: calibration of 
instruments before each measurement session, use of blanks and standards to validate 
analytical accuracy, triplicate measurements for each parameter, and cross-checking results 
with certified reference laboratories when necessary. These measures align with best 
practices in water quality monitoring and ensure that the findings are robust and reproducible 
(22). 

3 Result and Discussion 

This chapter presents the findings of the study on the effectiveness of a combined membrane 
and ultraviolet (UV) filtration system in improving drinking water quality in a rural 
Indonesian context. The results are organized according to the key physicochemical 
parameters measured total dissolved solids (TDS), turbidity, color, pH, nitrate, and nitrite. 
The discussion is structured inductively, beginning with parameter-specific analyses and 
culminating in a synthesis of the system’s overall performance, its potential for scalability, 
and its contribution to the discourse on decentralized water treatment technologies. The 
results of water testing from sample A and B can be seen in Table 1. 

Table 1. Physicochemical Water Quality Parameters of Raw and Treated Water 

Parameter Unit Quality 
Standard* 

A 
 (Raw 
Water) 

B 
(Treated 
Water) 

Method 

TDS mg/L <300 172 122 SNI 
6989.27:2019 

Turbidty NTU <3 136 11 SNI 06-
6989.25-2005 

Color PtCO 10 36.4 12.2 SNI 
6989.80:2011 

pH - 6.5-8.5 5.85 6.26 SNI 
6989.11:2019 

Nitrate (NO₃⁻) mg/L 20 0.495 0.658 SNI 19-
6964.7-2003 

Nitrite (NO₂⁻) mg/L 3 0.375 0.071 
SNI 

06.6989.9-
2004 

* Indonesian Ministry of Health, No.2 of 2023

3.1 Total Dissolved Solids (TDS) 

The raw water sample exhibited a TDS concentration of 172 mg/L, which was reduced to 
122 mg/L after treatment (Table 1). Both values fall below the maximum permissible limit 
of 300 mg/L set by the Indonesian Ministry of Health (21). The reduction of approximately 
29% demonstrates the membrane’s capacity to remove dissolved inorganic and organic 
matter, including salts, minerals, and trace contaminants. 
High TDS levels are often associated with undesirable taste, scaling in household appliances, 
and potential health risks when dominated by harmful ions such as nitrates, sulfates, or 
chlorides (4). The observed reduction aligns with findings from other studies that report 
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ultrafiltration membranes as effective in lowering TDS within acceptable ranges for drinking 
water (12). The results suggest that the system is capable of maintaining TDS within safe 
limits, thereby improving both the aesthetic and functional quality of water. However, the 
relatively modest reduction indicates that while membranes are effective, they may not be 
sufficient in contexts where raw water exhibits extremely high TDS, such as in coastal or 
industrially impacted areas (23).Captions should be typed in 9-point Times. They should be 
centred above the tables and flush left beneath the figures.  

3.2 Turbidity 

Turbidity decreased significantly from 136 NTU in raw water to 11 NTU after treatment 
(Table 1). Although this represents a reduction of more than 90%, the treated water still 
exceeded the permissible limit of 3 NTU. Turbidity is a critical parameter because it not only 
affects the aesthetic quality of water but also interferes with disinfection processes by 
shielding microorganisms from UV exposure (5). 
The persistence of turbidity above the standard highlights the limitations of the membrane 
system in handling highly turbid raw water. Similar findings have been reported in studies 
where ultrafiltration alone was insufficient to reduce turbidity to acceptable levels without 
pre-treatment steps such as coagulation or sedimentation (14). This result underscores the 
importance of integrating additional pre-treatment processes in areas where raw water 
turbidity is extremely high. For instance, coagulation-flocculation followed by sedimentation 
has been shown to enhance membrane performance and extend operational lifespan by 
reducing fouling (24).  

3.3 Color 

The color of raw water was measured at 36.4 PtCo, which decreased to 12.2 PtCo after 
treatment (Table 1). While this represents a substantial improvement, the treated water still 
slightly exceeded the permissible limit of 10 PtCo. The color of well water samples in several 
locations exceeded the permissible limits, indicating possible contamination from organic 
matter and surrounding environmental conditions. Similar findings were reported in Semau 
Island, where dug wells showed poor physicochemical and bacteriological quality due to 
proximity to pollution sources and lack of protective structures. Color in water is typically 
caused by dissolved organic matter, iron, manganese, and other trace metals (25). 
The reduction in color demonstrates the membrane’s ability to remove suspended and 
colloidal particles, while UV treatment had little direct effect on this parameter. Similar 
outcomes have been reported in studies where ultrafiltration reduced color but required 
complementary adsorption processes, such as activated carbon, to achieve compliance with 
drinking water standards (26). The persistence of color above the standard suggests that 
additional treatment steps, such as granular activated carbon or advanced oxidation 
processes, may be necessary to fully meet regulatory requirements in contexts with high 
levels of dissolved organic matter. 

3.4 pH 

The pH of raw water was 5.85, which increased to 6.26 after treatment (Table 1). Although 
this represents an improvement, the value still falls slightly below the acceptable range of 
6.5–8.5. Low pH in drinking water can lead to corrosivity, leaching of metals from pipes, and 
undesirable taste (6). The modest increase in pH suggests that the membrane-UV system has 
limited capacity to adjust acidity. This finding is consistent with previous studies that 
emphasize the need for pH adjustment through chemical dosing (e.g., lime or sodium 
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carbonate) in cases where raw water is naturally acidic (9). The implication is that while the 
system improves pH, additional interventions are required to ensure compliance with 
standards and to prevent long-term infrastructure damage due to corrosive water 

3.5 Nitrate 

Nitrate concentrations increased slightly from 0.495 mg/L in raw water to 0.658 mg/L after 
treatment (Table 1). Both values are well below the maximum permissible limit of 20 mg/L. 
The slight increase in nitrate concentration observed (from 0.495 to 0.658 mg/L) is likely 
attributed to the oxidation of nitrite (NO2) to nitrate (NO3) during UV treatment, as well as 
the release of nitrogenous compounds from biofilm or trapped organic matter on the 
membrane surface. Biological activity within the membrane module can facilitate 
nitrification, converting residual nitrite or ammonia into nitrate (27), while UV irradiation 
has been shown to induce transformations of nitrogen species in the presence of organic 
constituents (28). Nitrate contamination is a major concern in agricultural regions, where 
fertilizer runoff often leads to elevated concentrations in groundwater (7) Chronic exposure 
to high nitrate levels has been linked to methemoglobinemia and potential carcinogenic 
effects. The low levels observed in this study indicate that nitrate is not a significant concern 
in the study area.  
The findings align with other studies showing that ultrafiltration and UV treatment have 
limited direct impact on nitrate removal, as these technologies primarily target suspended 
solids and microorganisms. Nitrate contamination in groundwater remains a major concern, 
and various removal technologies have been developed, including biological denitrification, 
ion exchange, and membrane-based processes. Recent studies highlight that 
bioelectrochemical systems can significantly enhance nitrate removal efficiency in waters 
with low organic carbon concentrations, offering a sustainable alternative to conventional 
denitrification (29).  
In addition, low‑carbon biological technologies such as sulfur- and hydrogen‑autotrophic 
denitrification, as well as emerging photoelectrotrophic processes, are increasingly 
recognized as promising approaches for sustainable nitrate removal in wastewater treatment 
(30). Complementary findings also show that denitrifying membrane bioreactors (DNMBRs) 
can achieve high nitrate removal while the choice of carbon source and C/N ratio strongly 
influence both nitrogen removal efficiency and membrane fouling behavior (31). 

3.6 Nitrite 

Nitrite concentrations decreased from 0.375 mg/L in raw water to 0.071 mg/L after treatment, 
both well below the maximum permissible limit of 3 mg/L (Table 1). The reduction indicates 
that the system is effective in lowering nitrite levels, which is significant given that nitrite is 
more toxic than nitrate and can cause acute health effects even at low concentrations (32). 
The observed reduction may be attributed to adsorption onto the membrane surface or 
transformation during UV exposure. Similar findings have been reported in studies where 
UV irradiation facilitated the breakdown of nitrite into less harmful compounds (33). This 
result highlights the added value of UV treatment in addressing nitrite contamination, even 
though it is not the primary target of the technology. 
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4 Conclusion 

This study confirms that integrating microfiltration with UV treatment significantly 
improves drinking water quality in community settings, effectively reducing total 
dissolved solids, turbidity, color, and nitrite while maintaining safe nitrate levels. Although 
the system shows promise as a decentralized solution, residual turbidity, color, and low pH 
values indicate that complementary pre-treatment steps, such as coagulation or activated 
carbon, are necessary for full regulatory compliance. Beyond its technical performance, 
the system offers a cost-effective alternative to centralized infrastructure, featuring low 
capital and operational costs with simple maintenance requirements suitable for local 
operators. 
The research provides critical field-based evidence of membrane-UV performance 
in Indonesia, enriching the knowledge base for technology developers and 
policymakers regarding decentralized water treatment. While the current 
configuration successfully mitigates microbial risks and suspended solids, future work 
must focus on optimizing hybrid systems and assessing long-term stability to handle 
variable raw water conditions. Ultimately, this work underscores the technology's 
potential as a scalable, sustainable pathway to improve water access in underserved 
regions, provided that operational limitations are addressed through adaptive system 
design. 
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