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Abstract 

      The global water crisis is becoming increasingly acute. It affects more than 40% of the worldwide population, leading to 

diseases such as cholera, diarrhea, dysentery, hepatitis A, typhoid, and polio. Indonesia, an archipelago with vast coastal areas 

consisting of 809 coastal villages, still faces the same problems of clean water scarcity and accessibility. Brackish water 

treatment systems are suitable for overcoming the clean water crisis, especially in a maritime country like Indonesia. A suitable 

brackish water treatment system should be developed to produce clean water safe for daily consumption by communities in 

disaster-prone coastal areas. This study aimed to discover appropriate filtering media and lower the salinity of brackish water 

using reverse osmosis (RO) and ion exchangers. This research used an experimental method by combining a literature review, 

previous studies, including: physical filtration, reverse osmosis, and ion exchangers. The outcomes demonstrate that media 

filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin is the best 

combination to produce the most transparent, and odorless water. It can reduce TDS and EC values by 8.59% and 7.18%, 

respectively, and reduce pH levels by 2.59%. On the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively. 

Keywords:  Clean Water Crisis, Brackish Water; Local Filter Material, Reverse Osmosis; Ion Exchanger 

1. Introduction   

Water is an essential resource for humans to fulfill their daily needs, and the The demand for clean water will 

increase yearly, so people worldwide are facing a water crisis. The term clean water crisis not only relates to the 

amount of water available but also relates to low water quality. Some factors that cause the clean water crisis to 

worsen are increasing population growth and rapidly increasing industry [1]. The bad habits of the community, 

especially urban communities, in wasting clean water and environmental pollution worsen water supply and quality. 

Due to the clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million people die 

from drinking contaminated water, millions of people must travel an average of 6 km daily to access clean water, and 

at any given time, half of all hospitals in the world are full of patients with diseases related to the clean water crisis. [2]. 

The clean water crisis is getting worse for people living in coastal areas worldwide. The southwestern Southwestern 

coastal regions of Bangladesh and Europe are experiencing drinking water scarcity. Many factors contribute to water 

scarcity, including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, polders, arsenic 

poisoning, overuse of subsurface water, and others. [3],[,4]. 

According to the Indonesia Statistic Bureau, tThe Sustainable Development Goals (SDG) havehas set a global 

target of 100% percent access to drinkable water by 2030. However, there are still 80 million people who still need 

access to safe drinking water services. Even the capital city of Indonesia, Jakarta, has yet to reach 100% access to safe 

drinking water. It is problematic for Indonesia because clean water source availability and accessibility from one place 

to another are not equal [5]. The main problem for the rural and coastal communities is their need for clean water. The 

most accessible natural water source in this region for the community's everyday needs and drinking water is 

groundwater. Still, as the ecosystem changes and industrial aquifer contamination increases, the quality of this resource 

is declining [6]. As a result, the socioeconomic impacts on the community are health difficulties and rising costs for 

clean water supplies. 
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The location for this research is Sidoarjo Regency, East Java, Indonesia (See Fig.1. 37 Sidoarjo Regency, East Java, 

Indonesia). As a river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been prone 

to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural calamity, the local industrial 

region in Sidoarjo was the primary source of groundwater resource contamination. Both main factors above affect 

clean water resources availability for fulfilling the community's daily needs in farming and their daily consumption 

[7],[,8]. Hence, a suitable and cost-effective water treatment method must be developed and implemented in this 

research to resolve the clean water resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from the Porong River. 

Based on the research that has been conducted, it is known that the water quality is classified as moderate using the 

NSF-WQi index. It was found from the water samples obtained from two villages in Sidoarjo district, Tegal Sari and 

Tanjung Sari, in the Jabon sub-district,  that the turbidity content was 68 mg/l, total dissolved solids content (TDS) was 

223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, making it unsuitable for safe, clean water [9]. Therefore, 

clean water is purchased and periodically supplied by truck to the community to meet daily household needs. Water 

samples were obtained from two villages in Sidoarjo district, Tegal Sari and Tanjung Sari, in the Jabon sub-district. An 

alternative solution besides a clean water supply is treating brackish water with local filter media, which is abundantly 

available [10]. Local filter materials, such as silica sand, pumice, bricks, charcoal, sponge, alum, kaolin, charcoal, 

active carbon, kaolin, and zeolite, can be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water supply. Jayaprakash et al. 

[11] have introduced a method to reduce iron, sulfate, chlorine, sodium, and TDS content in brackish water using 

activated carbon media. Khanzhanda et al. [12] have evaluated the performance of a combination of pretreatment and 

reverse osmosis. The first method combines cartridge pretreatment with RO, and the second uses ultrafiltration with 

RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce dissolved solids levels. 

Yaqin et al. [14] found a portable water purifier using silica sand, zeolite stone, greensand sand, zeolite manganese, 

bio-balls, and activated carbon. Barahoei et al. [15] have introduced a method to reduce salinity using chemical 

photosynthetic desalination cells. Ansari. et al. [16]  evaluated the performance of brackish water desalination using 
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reverse osmosis under different operational conditions. Desmiarti. et al. [17] found a demineralized water method 

using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification devices. Tadd C. KIPPENY 

et al. [18] made a patent entitled Water Desalination Apparatus with patent number US8377297B2, discussing using a 

salt sponge unit to remove most salt from water. A parallel plate capacitor can be connected after the salt sponge to 

remove the remaining salt ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water 

and a sort of saliferous water treatment system with patent number CN105174512B, discussing a brackish water 

treatment method by performing nanofiltration separation to obtain production water and nanofiltration concentrated 

water. Nanofiltration production water is subjected to a reverse osmosis separation process. Shen et al. [20] made a 

patent with the title Bitter (brackish) saltwater purifying equipment with patent number CN103073136A, discussing 

the manufacture of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, and 

ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by choosing filtration with 

suitable local material, reverse osmosis, and ion exchanger. Based on the research results, it is expected that the 

implementation of this method can provide a practical solution for overcoming the clean water crisis. This study aims 

to identify a technique for obtaining clean water from brackish water by choosing filtration with suitable local 

material, reverse osmosis, and ion exchanger. Based on the results of the research, it is expected that this method can 

help solve the clean water crisis if it is put into practice. The test results will be compared to the WHO drinking water 

standard for water quality criteria, including pH (Power of Hydrogen), TDS (Total Dissolved Solids), EC (Electrical 

Conductivity), odor, and color. 

2. Material and Methods 

Experimental study use physical methods to discover the optimal combination for on-site brackish water treatment. 

silica Sand, lumajang sand, alum, carbon active, sponge, pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, 

Clam shell, and a filter 10 micron comprise the filter module combination set. Reverse osmosis and ion exchanger 

equipment will be utilized to further treat the water purified by the filtration method. 

2.1 Material 

2.1.1 Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very effective water 

filtration medium because it can precipitate and retain impurities from the treated water. It is expected that silica sand 

can remove mud contained in brackish water (Fig 2.a). [21]. 

2.1.2 Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of sand is 0.0625 mm to 2 

mm [22]. The function of sand for water filters is to hold silt and fine impurities. The type of sand used in this study 

comes from Lumajang, East Java, Indonesia. The characteristic of this sand is the color of the sand, the sand has a gray 

to black color (Fig 2.b). 

2.1.3. Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt in the white crystalline 

form (Fig 2.c). Potassium alum or potash alum is used to coagulate the impurities so that the impurities can be 

separated [23]. As it has the characteristic as coagulant agent, it is not only utilized in water treatment, but also in 

industrial sector, i.e., medicine, food preparation, and textile industry. An appropriate dosage of Alum should be added 

during the water treatment so that the treated water is safe for daily consumption.  

2.1.4. Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area and homogeneous 

pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the characteristic mentioned above, odor and color, 

which is caused by the organic compound in water, can be removed by adsorption. Hence water's taste and appearance 

can be improved [25]. However, both coa1rse and fine impurities in the water can't be separated by active carbon 

absorption. 

2.1.5. Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple and cost-effective. It is 

widely available and has a porous synthetic material capable of absorbing water and good aeration (Fig 2.e) [26]. The 

suspended solid particle in water can be separated by immersing it in the pore [27]. However, a limited number of 

dissolved impurities can be retained. Sponge, in terms of maintenance, can be effectively cleaned in specific periods 

and is easy to be utilized back as filter media. 
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2.1.6. Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled bubbles (Fig 2.f) [28]. 

Pumice can remove coarse contaminants due to its large surface area and up to 90% porosity. Pumice can be an 

absorbent material to remove heavy metals, radioactive, and dyes in wastewater [29]. The disadvantage of using this 

material as a filter is that pumice cannot remove fine impurities like sand filters. In terms of maintenance, the pumice 

filter is easier to maintain when compared to a sand filter, but it still takes quite a bit of time long enough. 

2.1.7. Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical formula 

Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical properties with high surface area and 

stability. By absorption, Kaolin can remove toxic pollutants from water, such as chloride, sulfate, Cr, Cd, and Zn [30], 

[31]. The disadvantage of this filter media is that it cannot hold fine or coarse impurities. 

2.1.8. Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the minerals in brackish 

water. The bricks used this time are red bricks. Red bricks have a large surface area and a high porosity making them 

suitable to be used as an absorbent material and filter waste (Fig 2.h)[32]. Given that red bricks are made of clay, this 

filter can help precipitate the minerals contained in the water. The disadvantage of this filter is that it cannot help 

purify water in terms of color. 

2.1.9. Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat (Fig 2.i). The function 

of red tile in water filters is to help kill harmful minerals, and its weakness is that it cannot filter out impurities [33]. 

2.1.10. Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made from the coconut shell is 

high-quality, effective, and environmentally friendly. Like active carbon and kaolin, coconut shell charcoal can absorb 

and remove chemical pollutants in the water (Fig 2.j)[34]. As filtering media, shell charcoal has a slightly significant 

result, it can’t hold the coarse impurities in brackish water, whereas odor and taste can be improved. In terms of 

maintenance, a periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

2.1.11. Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium cation is known as 

zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in nature. It can retain or separate chemical 

molecules as it has molecular-sized pores (Fig 2.k). Zeolite, as an adsorbent, can cation exchange due to its negative 

electrical charge in them. This negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, 

Ca, and Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It is expected 

to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

2.1.12. Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in height and 18 mm in 

diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to filter bacteria in brackish water. Bio rings 

have a large surface area and porosity. The number of pores in the bio ring gives the bio ring a high surface area, 

which is helpful for bacteria to colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is 

that it cannot filter impurities from the dirt in the brackish water. 

2.1.13. Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of mineral present is 

calcium. Therefore the function of the shell in the water filter can be used as a natural mineral source (Fig 2.m)[38]. 

 

2.1.14. Filter 10 Micron 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters come in various sizes, 

with pore diameters ranging from 20 to 1 micron. Therefore, using 10-micron filters in water filters can retain small 

particles that enter and improve the quality of treated water (Fig 2.n). When the cartridge filter is saturated, it must be 

replaced to maintain its function [39]. 

2.1.15. Reverse Osmosis (RO) 

    Reverse osmosis is the most modern type of water treatment. It is the most efficient separation technology used 

in some industrial locations for treating wastewater and seawater desalination for creating fresh water (Fig 
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2.o)[40,41,42]. Water pressure is applied through a semi-permeable membrane to remove dissolved inorganic 

contaminants from water. Fluoride, chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are 

removed during treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due to mechanical 

damage. To improve reverse osmosis performance, periodic maintenance and cleaning to remove fouling on the 

membrane surface must be conducted.  
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Figure 2. Filter media module. Materials for filter modules from local materials and reverse osmosis 

 

 

2.1.16. Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions by binding positive 

and negative ions with a substance called resin. There are two ion exchange resins: cation exchangers, which contain 

positively charged ions that are exchangeable (Fig 3.a and Fig 3.c), and anion exchangers, which have negatively 

charged ions that are exchangeable (Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a 

powerful acid or base. Using flow-through, column, or tank systems, the ion exchange process transforms produced 

brackish water into drinkable or disposable water [44]. Most often, ion exchange media are used to remediate waste, 

soil, and water. This study will employ ion exchange media to treat brackish water widely found in coastal and rural 

locations. Ion exchange therapy is one approach for fixing domestic water problems. It can eliminate toxic 

contaminants from water [45],[,46]. 

 

 

 

 

 

 

 

 

 

 

 
      

      (a)               (b)          (c) 

Figure 3. Material for Ion Exchanger. Anion and CKation Exchanger Resin 

2.2. Research Methodology 

The research methodology applied in this work is experimental research, including literature from previous studies. 

A case study will follow this. Related information and data about brackish water, e.g., recent research in treatment 

methods and properties of brackish water, are obtained as the basis for this work. Applying physical experiments in 

brackish water treatment in this work will be utilized by selecting local material as filter media. This local material 

will be prepared in a filtration module, and a combination of reverse osmosis and ion exchangers resin will be used as 

water treatment equipment. 

2.2.1. Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory (Fig.4.a). The 

brackish water sample is obtained from two villages, Tegal Sari and Kupang, in Jabon District, Sidoarjo Regency (Fig. 

4.b). Reverse osmosis and ion exchanger cartridges will also be assembled in the laboratory (Fig .4.c and 4.d). 
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Figure 4. Water treatment equipment assembly. Preparation for filter module, reverse osmosis, ion exhanger in filter module and 
obtaining brackish water sample 

There will be a pretreatment phase for filter media before it is filled into the filter module. Dirt and another 

contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the washing phase is completed, filter 

media will be dried in the oven. (Fig. 5. b). Mechanical phase, crushing, and screening are necessary for certain 

material to extend their surface area, which can be seen in (Fig. 5.c and 5.d). 
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(c)       (d) 

Figure 5. Filter media pre treatment phase. Washing, drying, crushing and screening 

2.2.2. Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter module (Fig. 6.a). A 

brackish water sample will be pumped into the filtration module (Fig. 6.b). The treated brackish water from the 

filtration module will be analyzed for its water quality parameter, i.e., pH, TDS, EC, odor, and color will be observed 

and measured (Fig. 6.c and Fig 6.d). A number of combinations of local filter media in the filter module will be 

described in Tab. 1 
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Figure 6.  Filter module assembly. Water quality parameter analysis for treated water after filtration 

The brackish water sample will be analyzed before the treatment in the laboratory to get the initial water quality 

parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC value of 5070 μs/cm. Color, odor, and 

turbidity of the water sample before and after treatment are also observed. The standard water quality criterion will be 

based on the Minister of Health Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality 

standards. As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a TDS value 

lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, clean water must be odorless and 

colorless [47,48]. The water quality parameter after the treatment will be compared with the standard above..  
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Table 2. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin Active Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Actice Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   

3. Results 
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pH, TDS, and EC of the treated water, as the determining water quality parameter, will be measured and described 

in two sections. The analysis result after the filtration through the filter module combination will be shown in the first 

section. The analysis results from reverse osmosis and ion exchanger can be seen in the second section. Based on 

brackish water before and after treatment analysis results, the treatment effectiveness from both filtration method, 

reverse osmosis, and ion exchanger can be further evaluated. 
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3.1. Water Quality Parameter After Filtration with Local Filter Media 

3.1.1 pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. The highest increase in 

pH value from 7.7 to 8.4 is shown in experiments 6, while the highest decrease in pH value from 8.6 to 8 occurred in 

experiments 1. The pH value after treatment is still acceptable based on the quality standard except for experiments 

21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

 
 TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value after the 

treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the highest decrease in TDS value 

from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value after filtration ranges 

between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has demonstrated the highest decrease in EC 

value from 5150 μs/cm to 4780 μs/cm. The filtration method can achieve an average reduction between 3.9% - 7.18% 

in EC value. The comparison of EC values before and after filtration is shown in Fig. 9.   
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Figure 9. EC value comparison, before and after filtration 

 

3.2. Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local material still exceeds the 

WHO clean water standard guideline, reverse osmosis equipment is utilized to remove the TDC and EC value further. 

The filter module is also equipped with the reverse osmosis unit to remove dirt and other coarse contaminants as 

pretreatment. 10-micron filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main 

components in the filter module. The result in Tab. 2. shows the treatment result by reverse osmosis. TDS and EC 

value significantly reduced at approximately 95 – 98% from the initial value before the treatment. 

Table 3. Reverse osmosis analysis result on pH, TDS, and EC 

Time 

(minutes) 

pH TDS EC 

Before After Before After Before After 

5 8,0 8,2 2550 232 5070 467 

10 8,0 8,2 2550 247 5070 496 

15 8,0 8,2 2550 245 5070 493 

20 8,0 8,2 2550 252 5070 500 

25 8,0 8,2 2550 250 5070 503 

30 8,0 8,2 2550 253 5070 504 

35 8,0 8,2 2550 251 5070 505 

TDS and EC analysis results after treatment with an ion exchanger is shown in Tab. 3. TDS value reduction by 

ion exchanger ranges between 67 – 70%, while EC value shows the same reduction range as TDS. 

Table 4. Ion exchanger analysis result on pH, TDS, and EC 

Time (Minutes) pH TDS EC 

Before After Before After Before After 

5 8,0 8,3 2550 815 5070 1630 

10 8,0 8,3 2550 793 5070 1586 
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4. Disscussion 

There was little significant change in the pH value after treatment with the combined filter modules. There is an 

increase of about 2.5%–3.75%, so the filtered water tends to be alkaline, but the pH value is still within the standard 

guidelines for clean water. The TDS value has decreased by about 1.64–7.56%, which can be obtained with a 

combination of filter modules. Like the TDS value, the EC value also decreased between 1.84 and 7.37%. When 

compared with research conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped 

by about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 50%. Therefore, 

the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and activated carbon in Experiment No. 14–20 

showed better results in reducing TDS and EC values. These filter materials can remove minerals and salinity 

contained in brackish water. However, the salinity reduction was not significant enough. Odor, color, and turbidity can 

be removed by the filtration method. 

The reverse osmosis performance in this study shows that it can effectively remove TDS and EC values around 

99.5%. Compared to the research conducted by Ansari et al. [16], reverse osmosis can remove TDS values of around 

98.8%. As a result, the reverse osmosis performance in this study is better than other studies, exceeding the maximum 

standards in standards set by the WHO. However, since the filtration method can remove odor, color, and turbidity, 

the brackish water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The treatment results show a 

decrease in TDS and EC values in the 67–70% range. Therefore, ion exchangers are less effective in removing TDS 

and EC than reverse osmosis. The TDS and EC values obtained after treatment with ion exchangers are higher than the 

standards set by the WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more significant reduction 

of TDS and EC values by approximately 89.01%-90.91% for four cartridges and one microfilter and approximately 

95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient treatment to get the clean 

water standard parameter. Reverse osmosis has the advantage of requiring no hazardous chemical agent, and a high-

quality clean water standard can be achieved. However, the membrane is the sensitive item in reverse osmosis which 

requires careful attention and is costly. On the contrary side, the ion exchanger is more competitive even though it is 

less effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of the chemical agent 

to rinse or reactivate the resin, and is not able to remove bacterial or organic contamination. 

 

The result may differ in each method because there are differences in parameters, such as raw water quality, filter 

materials, and the input flow rate before treatment. Combining physical methods by filtration and reverse osmosis or 

ion exchangers can remove contaminants in brackish water. Hence, the safe, clean drinking water quality parameter 

can be complied with. 

5. Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in remote areas, proved 

to be cost-effective equipment. This equipment is very practical and helpful for local communities, especially in 

coastal regions in Indonesia and local communities in disaster-prone areas. Therefore, clean water can be produced 

locally and used for daily household consumption, as the filtration method can largely remove odor, color, and 

turbidity. In terms of maintenance, the filter is easy to maintain and clean regularly. 

 

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion exchanger can obtain the 

standard safe drink water quality according to WHO standard guidelines. Specific instructions for maintaining a semi-

permeable membrane in reverse osmosis or how to do a chemical rinse for ion exchanger resin must be available for 

the community to do the maintenance themselves. 

 

Based on the results of this study, it is expected that compact, effective water treatment equipment for disaster-

prone locations can be created. The treated brackish water from the filtration method with local filter media can be 

treated further in conjunction with reverse osmosis or ion exchange. As there are two options for further treatment, the 

advantages and disadvantages from the economic and maintenance point of view should be considered. In terms of 

disaster-prone areas, the community will need to have simple water treatment equipment and low maintenance. 

Therefore, cost-effective and low-maintenance water treatment equipment in the long term can serve as the next step 

in this research. 
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Abstract: Indonesia, an archipelago with vast coastal areas consisting of 809 coastal 

villages, still faces the same problems of clean water scarcity and accessibility. This 

research goals are to discover appropriate inexpensive local filtering media and lower 

the salinity of brackish water in Sidoarjo Regency Indonesia. Regarding previous 

invention and research, this study deploy an experimental method by physical 

experiment including local materials along with  chemical experiment: ion 

exchangers as well as reverse osmosis (RO). The outcomes demonstrate that local 

media filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, 

activated carbon, and kaolin is the best combination to produce the most transparent, 

and odorless water. It can reduce Total Dissolved Solid (TDS) and Electrical 

Condactivity (EC) values by 8.59% and 7.18%, and reduce pH levels by 2.59%. On 

the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively.  

 

Keywords: clean water crisis, brackish water, local filter material, reverse osmosis, 

ion exchanger 

  

 

Introduction 

Water is an essential resource for humans to fulfill their daily needs. The demand for clean 

water increase yearly, so people worldwide are facing water crisis. The term clean water crisis 

not only relates to the amount of water available but also relates to low water quality. Some 

factors that cause the clean water crisis to worsen are increasing population growth and rapidly 

increasing industry [1]. The bad habits of the community, especially urban communities, in 

wasting clean water and environmental pollution worsen water supply and quality. Due to the 

clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million 

people die from drinking contaminated water, millions of people must travel an average of 6 km 

daily to access clean water, and at any given time, half of all hospitals in the world are full of 

patients with diseases related to the clean water crisis [2]. The clean water crisis is worse for 

people living in coastal areas worldwide. The Southwestern coastal regions of Bangladesh and 

Europe are experiencing drinking water scarcity. Many factors contribute to water scarcity, 
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including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, 

polders, arsenic poisoning, overuse of subsurface water, and others [3,4]. 

The Sustainable Development Goals (SDG) has set a global target of 100% access to 

drinkable water by 2030. However, there are still 80 million people who still need access to safe 

drinking water services. Even the capital city of Indonesia, Jakarta has yet to reach 100% access 

to safe drinking water. It is problematic for Indonesia because clean water source availability and 

accessibility from one place to another are not equal [5]. The main problem for the rural and 

coastal communities is their need for clean water. The most accessible natural water source in this 

region for the community's everyday needs and drinking water is groundwater. Still, as the 

ecosystem changes and industrial aquifer contamination increases, the quality of this resource is 

declining [6]. As a result, the socioeconomic impacts on the community are health and rising 

costs for clean water supplies. 

The location for this research is Sidoarjo Regency, East Java, Indonesia (See Figure 1). As a 

river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been 

prone to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural 

calamity, the local industrial region in Sidoarjo was the primary source of groundwater resource 

contamination. Both main factors above affect clean water resources availability for fulfilling the 

community's daily needs in farming and their daily consumption [7,8]. Hence, a suitable and cost-

effective water treatment method must be developed and implemented to resolve the clean water 

resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from 

the Porong River. Based on the research that has been conducted, it is known that the water 

quality is classified as moderate using the Nasional Sanitation Foundation – Water Quality Index 



(NSF-Wqi). It was found from the water samples obtained from two villages in Sidoarjo district, 

Tegal Sari and Tanjung Sari, in the Jabon sub-district, the turbidity content was 68 mg/l, total 

dissolved solids content (TDS) was 223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, 

making it unsuitable for safe, clean water [9]. Therefore, clean water is purchased and 

periodically supplied by truck to the community to meet daily household needs. An alternative 

solution besides a clean water supply is treating brackish water with local filter media, which is 

abundantly available [10]. Local filter materials, such as silica sand, lumajang sand, pumice, 

bricks, sponge, alum, charcoal, active carbon, kaolin, bio ring, clam shell, red tile, and zeolite, can 

be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water 

supply. Jayaprakash et al. [11] have introduced a method to reduce iron, sulfate, chlorine, sodium, 

and TDS content in brackish water using activated carbon media. Khanzhanda et al. [12] have 

evaluated the performance of a combination of pretreatment and reverse osmosis. The first 

method combines cartridge pretreatment with reverse osmosis, and the second uses ultrafiltration 

with RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce 

dissolved solids levels. Yaqin et al. [14] found a portable water purifier using silica sand, zeolite 

stone, greensand sand, zeolite manganese, bio-balls, and activated carbon. Barahoei et al. [15] 

have introduced a method to reduce salinity using chemical photosynthetic desalination cells. 

Ansari. et al. [16]  evaluated the performance of brackish water desalination using reverse 

osmosis under different operational conditions. Desmiarti et al. [17] found a demineralized water 

method using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification 

devices. Tadd C. Kippeny et al. [18] made a patent entitled Water Desalination Apparatus with 

patent number US8377297B2, discussing using a salt sponge unit to remove most salt from water. 

A parallel plate capacitor can be connected after the salt sponge to remove the remaining salt 

ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water and a 

sort of saliferous water treatment system with patent number CN105174512B, discussing a 

brackish water treatment method by performing nanofiltration separation to obtain production 

water and nanofiltration concentrated water. Nanofiltration production water is subjected to a 

reverse osmosis separation process. Shen et al. [20] made a patent with the title Bitter (brackish) 

saltwater purifying equipment with patent number CN103073136A, discussing the manufacture 

of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, 

and ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by 

choosing filtration with suitable local material, reverse osmosis, and ion exchanger. Based on the 

research results, it is expected that the implementation of this method can provide a practical 

solution for overcoming the clean water crisis if it is put into practice. The test results will be 

compared to the WHO drinking water standard for water quality criteria, including pH (Power of 

Hydrogen), TDS (Total Dissolved Solids), EC (Electrical Conductivity), odor, and color. 



Material and Method 

Experimental study use physical and chemical methods to discover the optimal combination 

for on-site brackish water treatment silica sand, lumajang sand, alum, carbon active, sponge, 

pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, clam shell, and a filter 10 micron 

comprise the filter module combination set. Reverse osmosis and ion exchanger equipment will 

be utilized to further treat the water purified by the filtration method. 

Material 

Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very 

effective water filtration medium because it can precipitate and retain impurities from the treated 

water. It is expected that silica sand can remove mud contained in brackish water (Fig 2.a). [21]. 

Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of 

sand is 0.0625 mm to 2 mm [22]. The function of sand for water filters is to hold silt and fine 

impurities. The type of sand used in this study comes from Lumajang, East Java, Indonesia. The 

characteristic of this sand is the color of the sand, the sand has a gray to black color (Fig 2.b). 

Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt 

in the white crystalline form (Fig 2.c). Potassium alum or potash alum is used to coagulate the 

impurities so that the impurities can be separated [23]. As it has the characteristic as coagulant 

agent, it is not only utilized in water treatment, but also in industrial sector, i.e., medicine, food 

preparation, and textile industry. An appropriate dosage of Alum should be added during the 

water treatment so that the treated water is safe for daily consumption.  

Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area 

and homogeneous pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the 

characteristic mentioned above, odor and color, which is caused by the organic compound in 

water, can be removed by adsorption. Hence water's taste and appearance can be improved [25]. 

However, both coarse and fine impurities in the water can't be separated by active carbon 

absorption. 

Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple 

and cost-effective. It is widely available and has a porous synthetic material capable of absorbing 

water and good aeration (Fig 2.e) [26]. The suspended solid particle in water can be separated by 

immersing it in the pore [27]. However, a limited number of dissolved impurities can be retained. 

Sponge, in terms of maintenance, can be effectively cleaned in specific periods and is easy to be 

utilized back as filter media. 

Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled 

bubbles (Fig 2.f) [28]. Pumice can remove coarse contaminants due to its large surface area and 



up to 90% porosity. Pumice can be an absorbent material to remove heavy metals, radioactive, 

and dyes in wastewater [29]. The disadvantage of using this material as a filter is that pumice 

cannot remove fine impurities like sand filters. In terms of maintenance, the pumice filter is 

easier to maintain when compared to a sand filter, but it still takes quite a bit of time long 

enough. 

Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical 

formula Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical 

properties with high surface area and stability. By absorption, Kaolin can remove toxic pollutants 

from water, such as chloride, sulfate, Cr, Cd, and Zn [30], [31]. The disadvantage of this filter 

media is that it cannot hold fine or coarse impurities. 

Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the 

minerals in brackish water. The bricks used this time are red bricks. Red bricks have a large 

surface area and a high porosity making them suitable to be used as an absorbent material and 

filter waste (Fig 2.h) [32]. Given that red bricks are made of clay, this filter can help precipitate 

the minerals contained in the water. The disadvantage of this filter is that it cannot help purify 

water in terms of color. 

Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat 

(Fig 2.i). The function of red tile in water filters is to help kill harmful minerals, and its weakness 

is that it cannot filter out impurities [33]. 

Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made 

from the coconut shell is high-quality, effective, and environmentally friendly. Like active carbon 

and kaolin, coconut shell charcoal can absorb and remove chemical pollutants in the water (Fig 

2.j)[34]. As filtering media, shell charcoal has a slightly significant result, it can’t hold the coarse 

impurities in brackish water, whereas odor and taste can be improved. In terms of maintenance, a 

periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium 

cation is known as zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in 

nature. It can retain or separate chemical molecules as it has molecular-sized pores (Fig 2.k). 

Zeolite, as an adsorbent, can cation exchange due to its negative electrical charge in them. This 

negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, Ca, and 

Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It 

is expected to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in 

height and 18 mm in diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to 



filter bacteria in brackish water. Bio rings have a large surface area and porosity. The number of 

pores in the bio ring gives the bio ring a high surface area, which is helpful for bacteria to 

colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is that it 

cannot filter impurities from the dirt in the brackish water. 

Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of 

mineral present is calcium. Therefore the function of the shell in the water filter can be used as a 

natural mineral source (Fig 2.m)[38]. 

10 Micron Filter 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters 

come in various sizes, with pore diameters ranging from 20 to 1 micron. Therefore, using 10-

micron filters in water filters can retain small particles that enter and improve the quality of 

treated water (Fig 2.n). When the cartridge filter is saturated, it must be replaced to maintain its 

function [39]. 

Reverse Osmosis (RO) 

Reverse osmosis is the most modern type of water treatment. It is the most efficient 

separation technology used in some industrial locations for treating wastewater and seawater 

desalination for creating fresh water (Fig 2.o)[40,41,42]. Water pressure is applied through a 

semi-permeable membrane to remove dissolved inorganic contaminants from water. Fluoride, 

chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are removed during 

treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due 

to mechanical damage. To improve reverse osmosis performance, periodic maintenance and 

cleaning to remove fouling on the membrane surface must be conducted.  
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Figure 2. Materials for filter modules from local materials and reverse osmosis 



Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions 

by binding positive and negative ions with a substance called resin. There are two ion exchange 

resins: cation exchangers, which contain positively charged ions that are exchangeable (Fig 3.a 

and Fig 3.c), and anion exchangers, which have negatively charged ions that are exchangeable 

(Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a powerful acid or 

base. Using flow-through, column, or tank systems, the ion exchange process transforms 

produced brackish water into drinkable or disposable water [44]. Most often, ion exchange media 

are used to remediate waste, soil, and water. This study will employ ion exchange media to treat 

brackish water widely found in coastal and rural locations. Ion exchange therapy is one approach 

for fixing domestic water problems. It can eliminate toxic contaminants from water [45,46]. 

   

(a) (b) (c) 

Figure 3. Material for Ion Exchanger. Anion and Kation Exchanger Resin 

 

Research Methodology 

The research methodology used in this study is experimental research, including literature 

from previous studies. A case study will follow. Related information and data on brackish water, 

for example, recent research on treatment methods and properties of brackish water, will be 

obtained as the basis of this research. The application of physical experiments in brackish water 

treatment in this research will be carried out by selecting local materials as filter media and 

reverse osmosis media. These local materials will be prepared in the filtration module. The 

application of chemical experiments using ion exchange resin will be used as water treatment 

equipment. 

  



Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory 

(Fig.4.a). The brackish water sample is obtained from two villages, Tegal Sari and Kupang, in 

Jabon District, Sidoarjo Regency (Fig. 4.b). Reverse osmosis and ion exchanger cartridges will 

also be assembled in the laboratory (Fig .4.c and 4.d). 

 

  

(a) (b) 

  

(c) (d) 

Figure 4. Water treatment equipment assembly (preparation for filter module, reverse 

osmosis, ion exhanger in filter module and obtaining brackish water sample) 

There will be a pretreatment phase for filter media before it is filled into the filter module. 

Dirt and another contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the 

washing phase is completed, filter media will be dried in the oven. (Fig. 5. b). Mechanical phase, 

crushing, and screening are necessary for certain material to extend their surface area, which can 

be seen in (Fig. 5.c and 5.d). 
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Figure 5. Filter media pre treatment phase (washing, drying, crushing and screening) 

 

Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter 

module (Fig. 6.a). A brackish water sample will be pumped into the filtration module (Fig. 6.b). 

The treated brackish water from the filtration module will be analyzed for its water quality 

parameter, i.e., pH, TDS, EC, odor, and color will be observed and measured (Fig. 6.c and Fig 

6.d). The combination of local filter media used in this study amounted to 25 combinations which 

be described in Tabel 1. For instance: the first experiment, the combination module 1, 2, and 3 

utilized: lumajang sand, charcoal, and bricks, respectively.  
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Figure 6.  Filter module assembly (water quality parameter analysis for treated water 

after filtration) 

 

The brackish water sample will be analyzed before the treatment in the laboratory to get the 

initial water quality parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC 

value of 5070 μs/cm. Color, odor, and turbidity of the water sample before and after treatment are 

also observed. The standard water quality criterion will be based on the Minister of Health 

Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality standards. 

As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a 

TDS value lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, 

clean water must be odorless and colorless [47,48]. The water quality parameter after the 

treatment will be compared with the standard above. 

 

 

 

 



Table 1. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin 

Active 

Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Active Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   



 

Result 

pH, TDS, and EC of the treated water, as the determining water quality parameter, will be 

measured and described in two sections. The analysis result after the filtration through the filter 

module combination will be shown in the first section. The analysis results from reverse osmosis 

and ion exchanger can be seen in the second section. Based on brackish water before and after 

treatment analysis results, the treatment effectiveness from both filtration method, reverse 

osmosis, and ion exchanger can be further evaluated. 

Water Quality Parameter After Filtration with Local Filter Media 

pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. 

The highest increase in pH value from 7.7 to 8.4 is shown in experiments 6, while the highest 

decrease in pH value from 8.6 to 8 occurred in experiments 1. The pH value after treatment is 

still acceptable based on the quality standard except for experiments 21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

  

TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value 

after the treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the 

highest decrease in TDS value from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value 

after filtration ranges between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has 

demonstrated the highest decrease in EC value from 5150 μs/cm to 4780 μs/cm. The filtration 

method can achieve an average reduction between 3.9% - 7.18% in EC value. The comparison of 

EC values before and after filtration is shown in Fig. 9.   

 

 

 

 

 

 

 

 

Figure 9. EC value comparison, before and after filtration 

 

Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local 

material still exceeds the WHO clean water standard guideline, reverse osmosis equipment is 



utilized to remove the TDC and EC value further. The filter module is also equipped with the 

reverse osmosis unit to remove dirt and other coarse contaminants as pretreatment. 10-micron 

filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main components 

in the filter module. The result in Table 2 shows the treatment result by reverse osmosis. TDS 

and EC value significantly reduced at approximately 95 – 98% from the initial value before the 

treatment. 

Table 2. Reverse osmosis analysis result on pH, TDS, and EC 

 

 

 

 

 

 

TDS and EC analysis results after treatment with an ion exchanger is shown in Table 3. TDS 

value reduction by ion exchanger ranges between 67 – 70%, while EC value shows the same 

reduction range as TDS. 

Table 3. Ion exchanger analysis result on pH, TDS, and EC 

 

 

 

 

Disscussion 

There was little significant change in the pH value after treatment with the combined filter 

modules. There is an increase of about 2.23%, so the filtered water tends to be alkaline, but the 

pH value is still within the standard guidelines for clean water. The TDS value has decreased by 

about 1.64–7.56%, which can be obtained with a combination of filter modules. Like the TDS 

value, the EC value also decreased between 3.9% and 7.18%. When compared with research 

conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped by 

about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 

50%. Therefore, the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and 

activated carbon in Experiment No. 14–20 showed better results in reducing TDS and EC values. 

These filter materials can remove minerals and salinity contained in brackish water. However, the 

salinity reduction was not significant enough. Odor, color, and turbidity can be removed by the 

filtration method. 

Time pH TDS EC 

(minutes) Before After Before After Before After 

5 8 8,2 2550 232 5070 467 

10 8 8,2 2550 247 5070 496 

15 8 8,2 2550 245 5070 493 

20 8 8,2 2550 252 5070 500 

25 8 8,2 2550 250 5070 503 

30 8 8,2 2550 253 5070 504 

35 8 8,2 2550 251 5070 505 

Time 
(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8 8,3 2550 815 5070 1630 

10 8 8,3 2550 793 5070 1586 

15 8 8,3 2550 750 5070 1500 

20 8.0 8.3 2550 729 5070 1458 



The reverse osmosis performance in this study shows that it can effectively remove TDS and 

EC values around 99.5%. Compared to the research conducted by Ansari et al. [16], reverse 

osmosis can remove TDS values of around 98.8%. As a result, the reverse osmosis performance 

in this study is better than other studies, exceeding the maximum standards in standards set by the 

WHO. However, since the filtration method can remove odor, color, and turbidity, the brackish 

water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The 

treatment results show a decrease in TDS and EC values in the 67–70% range. Therefore, ion 

exchangers are less effective in removing TDS and EC than reverse osmosis. The TDS and EC 

values obtained after treatment with ion exchangers are higher than the standards set by the 

WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more 

significant reduction of TDS and EC values by approximately 89.01%-90.91% for four cartridges 

and one microfilter and approximately 95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient 

treatment to get the clean water standard parameter. Reverse osmosis has the advantage of 

requiring no hazardous chemical agent, and a high-quality clean water standard can be achieved. 

However, the membrane is the sensitive item in reverse osmosis which requires careful attention 

and is costly. On the contrary side, the ion exchanger is more competitive even though it is less 

effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of 

the chemical agent to rinse or reactivate the resin, and is not able to remove bacterial or organic 

contamination. 

The result may differ in each method because there are differences in parameters, such as raw 

water quality, filter materials, and the input flow rate before treatment. Combining physical 

methods by filtration and reverse osmosis or ion exchangers can remove contaminants in 

brackish water. Hence, the safe, clean drinking water quality parameter can be complied with. 

Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in 

remote areas, proved to be cost-effective equipment. This equipment is very practical and helpful 

for local communities, especially in coastal regions in Indonesia and local communities in 

disaster-prone areas. Therefore, clean water can be produced locally and used for daily household 

consumption, as the filtration method can largely remove odor, color, and turbidity. In terms of 

maintenance, the filter is easy to maintain and clean regularly. 

 The results of the research study showed that water filters using local materials are able to 

reduce TDS, EC, and pH values. The best combination to reduce TDS, EC, and pH values is a 

combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin. It was 

found that the values of TDS, EC, and pH were able to be reduced by 8.59%, 7.18%, and 2.59%, 

respectively.  

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion 

exchanger can obtain the standard safe drink water quality according to WHO standard 

guidelines. Specific instructions for maintaining a semi-permeable membrane in reverse osmosis 



or how to do a chemical rinse for ion exchanger resin must be available for the community to do 

the maintenance themselves. 

Based on the results of this study, it is expected that compact, effective water treatment 

equipment for disaster-prone locations can be created. The treated brackish water from the 

filtration method with local filter media can be treated further in conjunction with reverse 

osmosis or ion exchange. As there are two options for further treatment, the advantages and 

disadvantages from the economic and maintenance point of view should be considered. In terms 

of disaster-prone areas, the community will need to have simple water treatment equipment and 

low maintenance. Therefore, cost-effective and low-maintenance water treatment equipment in 

the long term can serve as the next step in this research. 
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Abstract: Indonesia, an archipelago with vast coastal areas consisting of 809 coastal 

villages, still faces the same problems of clean water scarcity and accessibility. This 

research goals are to discover appropriate inexpensive local filtering media and lower 

the salinity of brackish water in Sidoarjo Regency Indonesia. Regarding previous 

invention and research, this study deploy an experimental method by physical 

experiment including local materials along with  chemical experiment: ion 

exchangers as well as reverse osmosis (RO). The outcomes demonstrate that local 

media filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, 

activated carbon, and kaolin is the best combination to produce the most transparent, 

and odorless water. It can reduce Total Dissolved Solid (TDS) and Electrical 

Condactivity (EC) values by 8.59% and 7.18%, and reduce pH levels by 2.59%. On 

the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively.  

 

Keywords: clean water crisis, brackish water, local filter material, reverse osmosis, 

ion exchanger 

  

 

Introduction 

Water is an essential resource for humans to fulfill their daily needs. The demand for clean 

water increase yearly, so people worldwide are facing water crisis. The term clean water crisis 

not only relates to the amount of water available but also relates to low water quality. Some 

factors that cause the clean water crisis to worsen are increasing population growth and rapidly 

increasing industry [1]. The bad habits of the community, especially urban communities, in 

wasting clean water and environmental pollution worsen water supply and quality. Due to the 

clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million 

people die from drinking contaminated water, millions of people must travel an average of 6 km 

daily to access clean water, and at any given time, half of all hospitals in the world are full of 

patients with diseases related to the clean water crisis [2]. The clean water crisis is worse for 

people living in coastal areas worldwide. The Southwestern coastal regions of Bangladesh and 

Europe are experiencing drinking water scarcity. Many factors contribute to water scarcity, 
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including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, 

polders, arsenic poisoning, overuse of subsurface water, and others [3,4]. 

The Sustainable Development Goals (SDG) has set a global target of 100% access to 

drinkable water by 2030. However, there are still 80 million people who still need access to safe 

drinking water services. Even the capital city of Indonesia, Jakarta has yet to reach 100% access 

to safe drinking water. It is problematic for Indonesia because clean water source availability and 

accessibility from one place to another are not equal [5]. The main problem for the rural and 

coastal communities is their need for clean water. The most accessible natural water source in this 

region for the community's everyday needs and drinking water is groundwater. Still, as the 

ecosystem changes and industrial aquifer contamination increases, the quality of this resource is 

declining [6]. As a result, the socioeconomic impacts on the community are health and rising 

costs for clean water supplies. 

The location for this research is Sidoarjo Regency, East Java, Indonesia (See Figure 1). As a 

river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been 

prone to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural 

calamity, the local industrial region in Sidoarjo was the primary source of groundwater resource 

contamination. Both main factors above affect clean water resources availability for fulfilling the 

community's daily needs in farming and their daily consumption [7,8]. Hence, a suitable and cost-

effective water treatment method must be developed and implemented to resolve the clean water 

resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from 

the Porong River. Based on the research that has been conducted, it is known that the water 

quality is classified as moderate using the Nasional Sanitation Foundation – Water Quality Index 



(NSF-Wqi). It was found from the water samples obtained from two villages in Sidoarjo district, 

Tegal Sari and Tanjung Sari, in the Jabon sub-district, the turbidity content was 68 mg/l, total 

dissolved solids content (TDS) was 223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, 

making it unsuitable for safe, clean water [9]. Therefore, clean water is purchased and 

periodically supplied by truck to the community to meet daily household needs. An alternative 

solution besides a clean water supply is treating brackish water with local filter media, which is 

abundantly available [10]. Local filter materials, such as silica sand, lumajang sand, pumice, 

bricks, sponge, alum, charcoal, active carbon, kaolin, bio ring, clam shell, red tile, and zeolite, can 

be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water 

supply. Jayaprakash et al. [11] have introduced a method to reduce iron, sulfate, chlorine, sodium, 

and TDS content in brackish water using activated carbon media. Khanzhanda et al. [12] have 

evaluated the performance of a combination of pretreatment and reverse osmosis. The first 

method combines cartridge pretreatment with reverse osmosis, and the second uses ultrafiltration 

with RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce 

dissolved solids levels. Yaqin et al. [14] found a portable water purifier using silica sand, zeolite 

stone, greensand sand, zeolite manganese, bio-balls, and activated carbon. Barahoei et al. [15] 

have introduced a method to reduce salinity using chemical photosynthetic desalination cells. 

Ansari. et al. [16]  evaluated the performance of brackish water desalination using reverse 

osmosis under different operational conditions. Desmiarti et al. [17] found a demineralized water 

method using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification 

devices. Tadd C. Kippeny et al. [18] made a patent entitled Water Desalination Apparatus with 

patent number US8377297B2, discussing using a salt sponge unit to remove most salt from water. 

A parallel plate capacitor can be connected after the salt sponge to remove the remaining salt 

ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water and a 

sort of saliferous water treatment system with patent number CN105174512B, discussing a 

brackish water treatment method by performing nanofiltration separation to obtain production 

water and nanofiltration concentrated water. Nanofiltration production water is subjected to a 

reverse osmosis separation process. Shen et al. [20] made a patent with the title Bitter (brackish) 

saltwater purifying equipment with patent number CN103073136A, discussing the manufacture 

of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, 

and ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by 

choosing filtration with suitable local material, reverse osmosis, and ion exchanger. Based on the 

research results, it is expected that the implementation of this method can provide a practical 

solution for overcoming the clean water crisis if it is put into practice. The test results will be 

compared to the WHO drinking water standard for water quality criteria, including pH (Power of 

Hydrogen), TDS (Total Dissolved Solids), EC (Electrical Conductivity), odor, and color. 



Material and Method 

Experimental study use physical and chemical methods to discover the optimal combination 

for on-site brackish water treatment silica sand, lumajang sand, alum, carbon active, sponge, 

pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, clam shell, and a filter 10 micron 

comprise the filter module combination set. Reverse osmosis and ion exchanger equipment will 

be utilized to further treat the water purified by the filtration method. 

Material 

Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very 

effective water filtration medium because it can precipitate and retain impurities from the treated 

water. It is expected that silica sand can remove mud contained in brackish water (Fig 2.a). [21]. 

Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of 

sand is 0.0625 mm to 2 mm [22]. The function of sand for water filters is to hold silt and fine 

impurities. The type of sand used in this study comes from Lumajang, East Java, Indonesia. The 

characteristic of this sand is the color of the sand, the sand has a gray to black color (Fig 2.b). 

Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt 

in the white crystalline form (Fig 2.c). Potassium alum or potash alum is used to coagulate the 

impurities so that the impurities can be separated [23]. As it has the characteristic as coagulant 

agent, it is not only utilized in water treatment, but also in industrial sector, i.e., medicine, food 

preparation, and textile industry. An appropriate dosage of Alum should be added during the 

water treatment so that the treated water is safe for daily consumption.  

Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area 

and homogeneous pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the 

characteristic mentioned above, odor and color, which is caused by the organic compound in 

water, can be removed by adsorption. Hence water's taste and appearance can be improved [25]. 

However, both coarse and fine impurities in the water can't be separated by active carbon 

absorption. 

Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple 

and cost-effective. It is widely available and has a porous synthetic material capable of absorbing 

water and good aeration (Fig 2.e) [26]. The suspended solid particle in water can be separated by 

immersing it in the pore [27]. However, a limited number of dissolved impurities can be retained. 

Sponge, in terms of maintenance, can be effectively cleaned in specific periods and is easy to be 

utilized back as filter media. 

Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled 

bubbles (Fig 2.f) [28]. Pumice can remove coarse contaminants due to its large surface area and 



up to 90% porosity. Pumice can be an absorbent material to remove heavy metals, radioactive, 

and dyes in wastewater [29]. The disadvantage of using this material as a filter is that pumice 

cannot remove fine impurities like sand filters. In terms of maintenance, the pumice filter is 

easier to maintain when compared to a sand filter, but it still takes quite a bit of time long 

enough. 

Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical 

formula Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical 

properties with high surface area and stability. By absorption, Kaolin can remove toxic pollutants 

from water, such as chloride, sulfate, Cr, Cd, and Zn [30], [31]. The disadvantage of this filter 

media is that it cannot hold fine or coarse impurities. 

Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the 

minerals in brackish water. The bricks used this time are red bricks. Red bricks have a large 

surface area and a high porosity making them suitable to be used as an absorbent material and 

filter waste (Fig 2.h) [32]. Given that red bricks are made of clay, this filter can help precipitate 

the minerals contained in the water. The disadvantage of this filter is that it cannot help purify 

water in terms of color. 

Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat 

(Fig 2.i). The function of red tile in water filters is to help kill harmful minerals, and its weakness 

is that it cannot filter out impurities [33]. 

Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made 

from the coconut shell is high-quality, effective, and environmentally friendly. Like active carbon 

and kaolin, coconut shell charcoal can absorb and remove chemical pollutants in the water (Fig 

2.j)[34]. As filtering media, shell charcoal has a slightly significant result, it can’t hold the coarse 

impurities in brackish water, whereas odor and taste can be improved. In terms of maintenance, a 

periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium 

cation is known as zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in 

nature. It can retain or separate chemical molecules as it has molecular-sized pores (Fig 2.k). 

Zeolite, as an adsorbent, can cation exchange due to its negative electrical charge in them. This 

negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, Ca, and 

Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It 

is expected to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in 

height and 18 mm in diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to 



filter bacteria in brackish water. Bio rings have a large surface area and porosity. The number of 

pores in the bio ring gives the bio ring a high surface area, which is helpful for bacteria to 

colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is that it 

cannot filter impurities from the dirt in the brackish water. 

Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of 

mineral present is calcium. Therefore the function of the shell in the water filter can be used as a 

natural mineral source (Fig 2.m)[38]. 

10 Micron Filter 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters 

come in various sizes, with pore diameters ranging from 20 to 1 micron. Therefore, using 10-

micron filters in water filters can retain small particles that enter and improve the quality of 

treated water (Fig 2.n). When the cartridge filter is saturated, it must be replaced to maintain its 

function [39]. 

Reverse Osmosis (RO) 

Reverse osmosis is the most modern type of water treatment. It is the most efficient 

separation technology used in some industrial locations for treating wastewater and seawater 

desalination for creating fresh water (Fig 2.o)[40,41,42]. Water pressure is applied through a 

semi-permeable membrane to remove dissolved inorganic contaminants from water. Fluoride, 

chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are removed during 

treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due 

to mechanical damage. To improve reverse osmosis performance, periodic maintenance and 

cleaning to remove fouling on the membrane surface must be conducted.  
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Figure 2. Materials for filter modules from local materials and reverse osmosis 



Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions 

by binding positive and negative ions with a substance called resin. There are two ion exchange 

resins: cation exchangers, which contain positively charged ions that are exchangeable (Fig 3.a 

and Fig 3.c), and anion exchangers, which have negatively charged ions that are exchangeable 

(Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a powerful acid or 

base. Using flow-through, column, or tank systems, the ion exchange process transforms 

produced brackish water into drinkable or disposable water [44]. Most often, ion exchange media 

are used to remediate waste, soil, and water. This study will employ ion exchange media to treat 

brackish water widely found in coastal and rural locations. Ion exchange therapy is one approach 

for fixing domestic water problems. It can eliminate toxic contaminants from water [45,46]. 
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Figure 3. Material for Ion Exchanger. Anion and Kation Exchanger Resin 

 

Research Methodology 

The research methodology used in this study is experimental research, including literature 

from previous studies. A case study will follow. Related information and data on brackish water, 

for example, recent research on treatment methods and properties of brackish water, will be 

obtained as the basis of this research. The application of physical experiments in brackish water 

treatment in this research will be carried out by selecting local materials as filter media and 

reverse osmosis media. These local materials will be prepared in the filtration module. The 

application of chemical experiments using ion exchange resin will be used as water treatment 

equipment. 
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Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory 

(Fig.4.a). The brackish water sample is obtained from two villages, Tegal Sari and Kupang, in 

Jabon District, Sidoarjo Regency (Fig. 4.b). Reverse osmosis and ion exchanger cartridges will 

also be assembled in the laboratory (Fig .4.c and 4.d). 
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Figure 4. Water treatment equipment assembly (preparation for filter module, reverse 

osmosis, ion exhanger in filter module and obtaining brackish water sample) 

There will be a pretreatment phase for filter media before it is filled into the filter module. 

Dirt and another contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the 

washing phase is completed, filter media will be dried in the oven. (Fig. 5. b). Mechanical phase, 

crushing, and screening are necessary for certain material to extend their surface area, which can 

be seen in (Fig. 5.c and 5.d). 
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Figure 5. Filter media pre treatment phase (washing, drying, crushing and screening) 

 

Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter 

module (Fig. 6.a). A brackish water sample will be pumped into the filtration module (Fig. 6.b). 

The treated brackish water from the filtration module will be analyzed for its water quality 

parameter, i.e., pH, TDS, EC, odor, and color will be observed and measured (Fig. 6.c and Fig 

6.d). The combination of local filter media used in this study amount to 25 combinations which is 

described in Table 1. For instance: the first experiment, the combination module 1, 2, and 3 

utilized: lumajang sand, charcoal, and bricks, respectively.  
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Figure 6.  Filter module assembly (water quality parameter analysis for treated water 

after filtration) 

 

The brackish water sample will be analyzed before the treatment in the laboratory to get the 

initial water quality parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC 

value of 5070 μs/cm. Color, odor, and turbidity of the water sample before and after treatment are 

also observed. The standard water quality criterion will be based on the Minister of Health 

Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality standards. 

As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a 

TDS value lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, 

clean water must be odorless and colorless [47,48]. The water quality parameter after the 

treatment will be compared with the standard above. 

 

 

 

 



Table 1. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin 

Active 

Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Active Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   



 

Result 

pH, TDS, and EC of the treated water, as the determining water quality parameter, will be 

measured and described in two sections. The analysis result after the filtration through the filter 

module combination will be shown in the first section. The analysis results from reverse osmosis 

and ion exchanger can be seen in the second section. Based on brackish water before and after 

treatment analysis results, the treatment effectiveness from both filtration method, reverse 

osmosis, and ion exchanger can be further evaluated. 

Water Quality Parameter After Filtration with Local Filter Media 

pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. 

The highest increase in pH value from 7.7 to 8.4 is shown in experiments 6, while the highest 

decrease in pH value from 8.6 to 8 occurred in experiments 1. The pH value after treatment is 

still acceptable based on the quality standard except for experiments 21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

  

TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value 

after the treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the 

highest decrease in TDS value from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value 

after filtration ranges between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has 

demonstrated the highest decrease in EC value from 5150 μs/cm to 4780 μs/cm. The filtration 

method can achieve an average reduction between 3.9% - 7.18% in EC value. The comparison of 

EC values before and after filtration is shown in Fig. 9.   

 

 

 

 

 

 

 

 

Figure 9. EC value comparison, before and after filtration 

 

Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local 

material still exceeds the WHO clean water standard guideline, reverse osmosis equipment is 



utilized to remove the TDC and EC value further. The filter module is also equipped with the 

reverse osmosis unit to remove dirt and other coarse contaminants as pretreatment. 10-micron 

filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main components 

in the filter module. The result in Table 2 shows the treatment result by reverse osmosis. TDS 

and EC value significantly reduced at approximately 95 – 98% from the initial value before the 

treatment. 

Table 2. Reverse osmosis analysis result on pH, TDS, and EC 

 

 

 

 

 

 

TDS and EC analysis results after treatment with an ion exchanger is shown in Table 3. TDS 

value reduction by ion exchanger ranges between 67 – 70%, while EC value shows the same 

reduction range as TDS. 

Table 3. Ion exchanger analysis result on pH, TDS, and EC 

 

 

 

 

Disscussion 

There was little significant change in the pH value after treatment with the combined filter 

modules. There is an increase of about 2.23%, so the filtered water tends to be alkaline, but the 

pH value is still within the standard guidelines for clean water. The TDS value has decreased by 

about 1.64–7.56%, which can be obtained with a combination of filter modules. Like the TDS 

value, the EC value also decreased between 3.9% and 7.18%. When compared with research 

conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped by 

about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 

50%. Therefore, the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and 

activated carbon in Experiment No. 14–20 showed better results in reducing TDS and EC values. 

These filter materials can remove minerals and salinity contained in brackish water. However, the 

salinity reduction was not significant enough. Odor, color, and turbidity can be removed by the 

filtration method. 

Time pH TDS EC 

(minutes) Before After Before After Before After 

5 8 8,2 2550 232 5070 467 

10 8 8,2 2550 247 5070 496 

15 8 8,2 2550 245 5070 493 

20 8 8,2 2550 252 5070 500 

25 8 8,2 2550 250 5070 503 

30 8 8,2 2550 253 5070 504 

35 8 8,2 2550 251 5070 505 

Time 
(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8 8,3 2550 815 5070 1630 

10 8 8,3 2550 793 5070 1586 

15 8 8,3 2550 750 5070 1500 

20 8.0 8.3 2550 729 5070 1458 



The reverse osmosis performance in this study shows that it can effectively remove TDS and 

EC values around 99.5%. Compared to the research conducted by Ansari et al. [16], reverse 

osmosis can remove TDS values of around 98.8%. As a result, the reverse osmosis performance 

in this study is better than other studies, exceeding the maximum standards in standards set by the 

WHO. However, since the filtration method can remove odor, color, and turbidity, the brackish 

water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The 

treatment results show a decrease in TDS and EC values in the 67–70% range. Therefore, ion 

exchangers are less effective in removing TDS and EC than reverse osmosis. The TDS and EC 

values obtained after treatment with ion exchangers are higher than the standards set by the 

WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more 

significant reduction of TDS and EC values by approximately 89.01%-90.91% for four cartridges 

and one microfilter and approximately 95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient 

treatment to get the clean water standard parameter. Reverse osmosis has the advantage of 

requiring no hazardous chemical agent, and a high-quality clean water standard can be achieved. 

However, the membrane is the sensitive item in reverse osmosis which requires careful attention 

and is costly. On the contrary side, the ion exchanger is more competitive even though it is less 

effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of 

the chemical agent to rinse or reactivate the resin, and is not able to remove bacterial or organic 

contamination. 

The result may differ in each method because there are differences in parameters, such as raw 

water quality, filter materials, and the input flow rate before treatment. Combining physical 

methods by filtration and reverse osmosis or ion exchangers can remove contaminants in 

brackish water. Hence, the safe, clean drinking water quality parameter can be complied with. 

Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in 

remote areas, proved to be cost-effective equipment. This equipment is very practical and helpful 

for local communities, especially in coastal regions in Indonesia and local communities in 

disaster-prone areas. Therefore, clean water can be produced locally and used for daily household 

consumption, as the filtration method can largely remove odor, color, and turbidity. In terms of 

maintenance, the filter is easy to maintain and clean regularly. 

 The results of the research study showed that water filters using local materials are able to 

reduce TDS, EC, and pH values. The best combination to reduce TDS, EC, and pH values is a 

combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin. It was 

found that the values of TDS, EC, and pH were able to be reduced by 8.59%, 7.18%, and 2.59%, 

respectively.  

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion 

exchanger can obtain the standard safe drink water quality according to WHO standard 

guidelines. Specific instructions for maintaining a semi-permeable membrane in reverse osmosis 



or how to do a chemical rinse for ion exchanger resin must be available for the community to do 

the maintenance themselves. 

Based on the results of this study, it is expected that compact, effective water treatment 

equipment for disaster-prone locations can be created. The treated brackish water from the 

filtration method with local filter media can be treated further in conjunction with reverse 

osmosis or ion exchange. As there are two options for further treatment, the advantages and 

disadvantages from the economic and maintenance point of view should be considered. In terms 

of disaster-prone areas, the community will need to have simple water treatment equipment and 

low maintenance. Therefore, cost-effective and low-maintenance water treatment equipment in 

the long term can serve as the next step in this research. 
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Abstract: Indonesia, an archipelago with vast coastal areas consisting of 809 coastal 

villages, still faces the same problems of clean water scarcity and accessibility. This 

research goals are to discover appropriate inexpensive local filtering media and lower 

the salinity of brackish water in Sidoarjo Regency Indonesia. Regarding previous 

invention and research, this study deploy an experimental method by physical 

experiment including local materials along with  chemical experiment: ion 

exchangers as well as reverse osmosis (RO). The outcomes demonstrate that local 

media filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, 

activated carbon, and kaolin is the best combination to produce the most transparent, 

and odorless water. It can reduce Total Dissolved Solid (TDS) and Electrical 

Condactivity (EC) values by 8.59% and 7.18%, and reduce pH levels by 2.59%. On 

the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively.  

 

Keywords: clean water crisis, brackish water, local filter material, reverse osmosis, 

ion exchanger 

  

 

Introduction 

Water is an essential resource for humans to fulfill their daily needs. The demand for clean 

water increase yearly, so people worldwide are facing water crisis. The term clean water crisis 

not only relates to the amount of water available but also relates to low water quality. Some 

factors that cause the clean water crisis to worsen are increasing population growth and rapidly 

increasing industry [1]. The bad habits of the community, especially urban communities, in 

wasting clean water and environmental pollution worsen water supply and quality. Due to the 

clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million 

people die from drinking contaminated water, millions of people must travel an average of 6 km 

daily to access clean water, and at any given time, half of all hospitals in the world are full of 

patients with diseases related to the clean water crisis [2]. The clean water crisis is worse for 

people living in coastal areas worldwide. The Southwestern coastal regions of Bangladesh and 

Europe are experiencing drinking water scarcity. Many factors contribute to water scarcity, 
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including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, 

polders, arsenic poisoning, overuse of subsurface water, and others [3,4]. 

The Sustainable Development Goals (SDG) has set a global target of 100% access to 

drinkable water by 2030. However, there are still 80 million people who still need access to safe 

drinking water services. Even the capital city of Indonesia, Jakarta has yet to reach 100% access 

to safe drinking water. It is problematic for Indonesia because clean water source availability and 

accessibility from one place to another are not equal [5]. The main problem for the rural and 

coastal communities is their need for clean water. The most accessible natural water source in this 

region for the community's everyday needs and drinking water is groundwater. Still, as the 

ecosystem changes and industrial aquifer contamination increases, the quality of this resource is 

declining [6]. As a result, the socioeconomic impacts on the community are health and rising 

costs for clean water supplies. 

The location for this research is Sidoarjo Regency, East Java, Indonesia (See Figure 1). As a 

river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been 

prone to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural 

calamity, the local industrial region in Sidoarjo was the primary source of groundwater resource 

contamination. Both main factors above affect clean water resources availability for fulfilling the 

community's daily needs in farming and their daily consumption [7,8]. Hence, a suitable and cost-

effective water treatment method must be developed and implemented to resolve the clean water 

resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from 

the Porong River. Based on the research that has been conducted, it is known that the water 

quality is classified as moderate using the Nasional Sanitation Foundation – Water Quality Index 



(NSF-Wqi). It was found from the water samples obtained from two villages in Sidoarjo district, 

Tegal Sari and Tanjung Sari, in the Jabon sub-district, the turbidity content was 68 mg/l, total 

dissolved solids content (TDS) was 223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, 

making it unsuitable for safe, clean water [9]. Therefore, clean water is purchased and 

periodically supplied by truck to the community to meet daily household needs. An alternative 

solution besides a clean water supply is treating brackish water with local filter media, which is 

abundantly available [10]. Local filter materials, such as silica sand, lumajang sand, pumice, 

bricks, sponge, alum, charcoal, active carbon, kaolin, bio ring, clam shell, red tile, and zeolite, can 

be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water 

supply. Jayaprakash et al. [11] have introduced a method to reduce iron, sulfate, chlorine, sodium, 

and TDS content in brackish water using activated carbon media. Khanzhanda et al. [12] have 

evaluated the performance of a combination of pretreatment and reverse osmosis. The first 

method combines cartridge pretreatment with reverse osmosis, and the second uses ultrafiltration 

with RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce 

dissolved solids levels. Yaqin et al. [14] found a portable water purifier using silica sand, zeolite 

stone, greensand sand, zeolite manganese, bio-balls, and activated carbon. Barahoei et al. [15] 

have introduced a method to reduce salinity using chemical photosynthetic desalination cells. 

Ansari. et al. [16]  evaluated the performance of brackish water desalination using reverse 

osmosis under different operational conditions. Desmiarti et al. [17] found a demineralized water 

method using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification 

devices. Tadd C. Kippeny et al. [18] made a patent entitled Water Desalination Apparatus with 

patent number US8377297B2, discussing using a salt sponge unit to remove most salt from water. 

A parallel plate capacitor can be connected after the salt sponge to remove the remaining salt 

ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water and a 

sort of saliferous water treatment system with patent number CN105174512B, discussing a 

brackish water treatment method by performing nanofiltration separation to obtain production 

water and nanofiltration concentrated water. Nanofiltration production water is subjected to a 

reverse osmosis separation process. Shen et al. [20] made a patent with the title Bitter (brackish) 

saltwater purifying equipment with patent number CN103073136A, discussing the manufacture 

of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, 

and ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by 

choosing filtration with suitable local material, reverse osmosis, and ion exchanger. Based on the 

research results, it is expected that the implementation of this method can provide a practical 

solution for overcoming the clean water crisis if it is put into practice. The test results will be 

compared to the WHO drinking water standard for water quality criteria, including pH (Power of 

Hydrogen), TDS (Total Dissolved Solids), EC (Electrical Conductivity), odor, and color. 



Material and Method 

Experimental study use physical and chemical methods to discover the optimal combination 

for on-site brackish water treatment silica sand, lumajang sand, alum, carbon active, sponge, 

pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, clam shell, and a filter 10 micron 

comprise the filter module combination set. Reverse osmosis and ion exchanger equipment will 

be utilized to further treat the water purified by the filtration method. 

Material 

Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very 

effective water filtration medium because it can precipitate and retain impurities from the treated 

water. It is expected that silica sand can remove mud contained in brackish water (Fig 2.a). [21]. 

Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of 

sand is 0.0625 mm to 2 mm [22]. The function of sand for water filters is to hold silt and fine 

impurities. The type of sand used in this study comes from Lumajang, East Java, Indonesia. The 

characteristic of this sand is the color of the sand, the sand has a gray to black color (Fig 2.b). 

Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt 

in the white crystalline form (Fig 2.c). Potassium alum or potash alum is used to coagulate the 

impurities so that the impurities can be separated [23]. As it has the characteristic as coagulant 

agent, it is not only utilized in water treatment, but also in industrial sector, i.e., medicine, food 

preparation, and textile industry. An appropriate dosage of Alum should be added during the 

water treatment so that the treated water is safe for daily consumption.  

Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area 

and homogeneous pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the 

characteristic mentioned above, odor and color, which is caused by the organic compound in 

water, can be removed by adsorption. Hence water's taste and appearance can be improved [25]. 

However, both coarse and fine impurities in the water can't be separated by active carbon 

absorption. 

Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple 

and cost-effective. It is widely available and has a porous synthetic material capable of absorbing 

water and good aeration (Fig 2.e) [26]. The suspended solid particle in water can be separated by 

immersing it in the pore [27]. However, a limited number of dissolved impurities can be retained. 

Sponge, in terms of maintenance, can be effectively cleaned in specific periods and is easy to be 

utilized back as filter media. 

Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled 

bubbles (Fig 2.f) [28]. Pumice can remove coarse contaminants due to its large surface area and 



up to 90% porosity. Pumice can be an absorbent material to remove heavy metals, radioactive, 

and dyes in wastewater [29]. The disadvantage of using this material as a filter is that pumice 

cannot remove fine impurities like sand filters. In terms of maintenance, the pumice filter is 

easier to maintain when compared to a sand filter, but it still takes quite a bit of time long 

enough. 

Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical 

formula Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical 

properties with high surface area and stability. By absorption, Kaolin can remove toxic pollutants 

from water, such as chloride, sulfate, Cr, Cd, and Zn [30], [31]. The disadvantage of this filter 

media is that it cannot hold fine or coarse impurities. 

Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the 

minerals in brackish water. The bricks used this time are red bricks. Red bricks have a large 

surface area and a high porosity making them suitable to be used as an absorbent material and 

filter waste (Fig 2.h) [32]. Given that red bricks are made of clay, this filter can help precipitate 

the minerals contained in the water. The disadvantage of this filter is that it cannot help purify 

water in terms of color. 

Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat 

(Fig 2.i). The function of red tile in water filters is to help kill harmful minerals, and its weakness 

is that it cannot filter out impurities [33]. 

Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made 

from the coconut shell is high-quality, effective, and environmentally friendly. Like active carbon 

and kaolin, coconut shell charcoal can absorb and remove chemical pollutants in the water (Fig 

2.j)[34]. As filtering media, shell charcoal has a slightly significant result, it can’t hold the coarse 

impurities in brackish water, whereas odor and taste can be improved. In terms of maintenance, a 

periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium 

cation is known as zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in 

nature. It can retain or separate chemical molecules as it has molecular-sized pores (Fig 2.k). 

Zeolite, as an adsorbent, can cation exchange due to its negative electrical charge in them. This 

negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, Ca, and 

Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It 

is expected to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in 

height and 18 mm in diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to 



filter bacteria in brackish water. Bio rings have a large surface area and porosity. The number of 

pores in the bio ring gives the bio ring a high surface area, which is helpful for bacteria to 

colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is that it 

cannot filter impurities from the dirt in the brackish water. 

Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of 

mineral present is calcium. Therefore the function of the shell in the water filter can be used as a 

natural mineral source (Fig 2.m)[38]. 

10 Micron Filter 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters 

come in various sizes, with pore diameters ranging from 20 to 1 micron. Therefore, using 10-

micron filters in water filters can retain small particles that enter and improve the quality of 

treated water (Fig 2.n). When the cartridge filter is saturated, it must be replaced to maintain its 

function [39]. 

Reverse Osmosis (RO) 

Reverse osmosis is the most modern type of water treatment. It is the most efficient 

separation technology used in some industrial locations for treating wastewater and seawater 

desalination for creating fresh water (Fig 2.o)[40,41,42]. Water pressure is applied through a 

semi-permeable membrane to remove dissolved inorganic contaminants from water. Fluoride, 

chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are removed during 

treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due 

to mechanical damage. To improve reverse osmosis performance, periodic maintenance and 

cleaning to remove fouling on the membrane surface must be conducted.  

   

(a) Silica Sand  (b) Lumajang Sand  (c) Alum  
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(d) Active Carbon  (e) Sponge  (f) Pumice  

   

(g) Kaolin  (h) Red Brick  (i) Red Tile  

   

(j) Charcoal  (k) Zeolite  (l) Bio Ring  

   

(m) Clamshell  (n) 10 Micron Filter  (o) Reverse Osmosis  

Figure 2. Materials for filter modules from local materials and reverse osmosis 



Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions 

by binding positive and negative ions with a substance called resin. There are two ion exchange 

resins: cation exchangers, which contain positively charged ions that are exchangeable (Fig 3.a 

and Fig 3.c), and anion exchangers, which have negatively charged ions that are exchangeable 

(Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a powerful acid or 

base. Using flow-through, column, or tank systems, the ion exchange process transforms 

produced brackish water into drinkable or disposable water [44]. Most often, ion exchange media 

are used to remediate waste, soil, and water. This study will employ ion exchange media to treat 

brackish water widely found in coastal and rural locations. Ion exchange therapy is one approach 

for fixing domestic water problems. It can eliminate toxic contaminants from water [45,46]. 

   

(a) Cation Exchanger  (b) Anion Exchanger  (c) Cation and Anion Resin  

Figure 3. Material for Ion Exchanger. Anion and Kation Exchanger Resin 

 

Research Methodology 

The research methodology used in this study is experimental research, including literature 

from previous studies. A case study will follow. Related information and data on brackish water, 

for example, recent research on treatment methods and properties of brackish water, will be 

obtained as the basis of this research. The application of physical experiments in brackish water 

treatment in this research will be carried out by selecting local materials as filter media and 

reverse osmosis media. These local materials will be prepared in the filtration module. The 

application of chemical experiments using ion exchange resin will be used as water treatment 

equipment. 

  



Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory 

(Fig.4.a). The brackish water sample is obtained from two villages, Tegal Sari and Kupang, in 

Jabon District, Sidoarjo Regency (Fig. 4.b). Reverse osmosis and ion exchanger cartridges will 

also be assembled in the laboratory (Fig .4.c and 4.d). 

 

  

(a) Filter Module Preparations  (b) Water Samples  

  

(c) Reverse Osmosis  (d) Ion Exchanger  

Figure 4. Water treatment equipment assembly (preparation for filter module, reverse 

osmosis, ion exhanger in filter module and obtaining brackish water sample) 

There will be a pretreatment phase for filter media before it is filled into the filter module. 

Dirt and another contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the 

washing phase is completed, filter media will be dried in the oven. (Fig. 5. b). Mechanical phase, 

crushing, and screening are necessary for certain material to extend their surface area, which can 

be seen in (Fig. 5.c and 5.d). 



  

(a) Washing  (b) Drying  

  

(c) Crushing  (d) Screening  

Figure 5. Filter media pre treatment phase (washing, drying, crushing and screening) 

 

Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter 

module (Fig. 6.a). A brackish water sample will be pumped into the filtration module (Fig. 6.b). 

The treated brackish water from the filtration module will be analyzed for its water quality 

parameter, i.e., pH, TDS, EC, odor, and color will be observed and measured (Fig. 6.c and Fig 

6.d). The combination of local filter media used in this study amount to 25 combinations which is 

described in Table 1. For instance: the first experiment, the combination module 1, 2, and 3 

utilized: lumajang sand, charcoal, and bricks, respectively.  

 

 



  

(a) Filter Module Materials  (b) Filter Module Installations 

  

(c) EC Value Result  (d) pH Value Result  

Figure 6.  Filter module assembly (water quality parameter analysis for treated water 

after filtration) 

 

The brackish water sample will be analyzed before the treatment in the laboratory to get the 

initial water quality parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC 

value of 5070 μs/cm. Color, odor, and turbidity of the water sample before and after treatment are 

also observed. The standard water quality criterion will be based on the Minister of Health 

Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality standards. 

As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a 

TDS value lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, 

clean water must be odorless and colorless [47,48]. The water quality parameter after the 

treatment will be compared with the standard above. 

 

 

 

 



Table 1. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin 

Active 

Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Active Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   



 

Result 

pH, TDS, and EC of the treated water, as the determining water quality parameter, will be 

measured and described in two sections. The analysis result after the filtration through the filter 

module combination will be shown in the first section. The analysis results from reverse osmosis 

and ion exchanger can be seen in the second section. Based on brackish water before and after 

treatment analysis results, the treatment effectiveness from both filtration method, reverse 

osmosis, and ion exchanger can be further evaluated. 

Water Quality Parameter After Filtration with Local Filter Media 

pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. 

The highest increase in pH value from 7.7 to 8.4 is shown in experiments 6, while the highest 

decrease in pH value from 8.6 to 8 occurred in experiments 1. The pH value after treatment is 

still acceptable based on the quality standard except for experiments 21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

  

TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value 

after the treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the 

highest decrease in TDS value from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value 

after filtration ranges between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has 

demonstrated the highest decrease in EC value from 5150 μs/cm to 4780 μs/cm. The filtration 

method can achieve an average reduction between 3.9% - 7.18% in EC value. The comparison of 

EC values before and after filtration is shown in Fig. 9.   

 

 

 

 

 

 

 

 

Figure 9. EC value comparison, before and after filtration 

 

Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local 

material still exceeds the WHO clean water standard guideline, reverse osmosis equipment is 



utilized to remove the TDC and EC value further. The filter module is also equipped with the 

reverse osmosis unit to remove dirt and other coarse contaminants as pretreatment. 10-micron 

filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main components 

in the filter module. The result in Table 2 shows the treatment result by reverse osmosis. TDS 

and EC value significantly reduced at approximately 95 – 98% from the initial value before the 

treatment. 

Table 2. Reverse osmosis analysis result on pH, TDS, and EC 

 

 

 

 

 

 

TDS and EC analysis results after treatment with an ion exchanger is shown in Table 3. TDS 

value reduction by ion exchanger ranges between 67 – 70%, while EC value shows the same 

reduction range as TDS. 

Table 3. Ion exchanger analysis result on pH, TDS, and EC 

 

 

 

 

Disscussion 

There was little significant change in the pH value after treatment with the combined filter 

modules. There is an increase of about 2.23%, so the filtered water tends to be alkaline, but the 

pH value is still within the standard guidelines for clean water. The TDS value has decreased by 

about 1.64–7.56%, which can be obtained with a combination of filter modules. Like the TDS 

value, the EC value also decreased between 3.9% and 7.18%. When compared with research 

conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped by 

about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 

50%. Therefore, the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and 

activated carbon in Experiment No. 14–20 showed better results in reducing TDS and EC values. 

These filter materials can remove minerals and salinity contained in brackish water. However, the 

salinity reduction was not significant enough. Odor, color, and turbidity can be removed by the 

filtration method. 

Time pH TDS EC 

(minutes) Before After Before After Before After 

5 8 8,2 2550 232 5070 467 

10 8 8,2 2550 247 5070 496 

15 8 8,2 2550 245 5070 493 

20 8 8,2 2550 252 5070 500 

25 8 8,2 2550 250 5070 503 

30 8 8,2 2550 253 5070 504 

35 8 8,2 2550 251 5070 505 

Time 
(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8 8,3 2550 815 5070 1630 

10 8 8,3 2550 793 5070 1586 

15 8 8,3 2550 750 5070 1500 

20 8.0 8.3 2550 729 5070 1458 



The reverse osmosis performance in this study shows that it can effectively remove TDS and 

EC values around 99.5%. Compared to the research conducted by Ansari et al. [16], reverse 

osmosis can remove TDS values of around 98.8%. As a result, the reverse osmosis performance 

in this study is better than other studies, exceeding the maximum standards in standards set by the 

WHO. However, since the filtration method can remove odor, color, and turbidity, the brackish 

water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The 

treatment results show a decrease in TDS and EC values in the 67–70% range. Therefore, ion 

exchangers are less effective in removing TDS and EC than reverse osmosis. The TDS and EC 

values obtained after treatment with ion exchangers are higher than the standards set by the 

WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more 

significant reduction of TDS and EC values by approximately 89.01%-90.91% for four cartridges 

and one microfilter and approximately 95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient 

treatment to get the clean water standard parameter. Reverse osmosis has the advantage of 

requiring no hazardous chemical agent, and a high-quality clean water standard can be achieved. 

However, the membrane is the sensitive item in reverse osmosis which requires careful attention 

and is costly. On the contrary side, the ion exchanger is more competitive even though it is less 

effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of 

the chemical agent to rinse or reactivate the resin, and is not able to remove bacterial or organic 

contamination. 

The result may differ in each method because there are differences in parameters, such as raw 

water quality, filter materials, and the input flow rate before treatment. Combining physical 

methods by filtration and reverse osmosis or ion exchangers can remove contaminants in 

brackish water. Hence, the safe, clean drinking water quality parameter can be complied with. 

Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in 

remote areas, proved to be cost-effective equipment. This equipment is very practical and helpful 

for local communities, especially in coastal regions in Indonesia and local communities in 

disaster-prone areas. Therefore, clean water can be produced locally and used for daily household 

consumption, as the filtration method can largely remove odor, color, and turbidity. In terms of 

maintenance, the filter is easy to maintain and clean regularly. 

 The results of the research study showed that water filters using local materials are able to 

reduce TDS, EC, and pH values. The best combination to reduce TDS, EC, and pH values is a 

combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin. It was 

found that the values of TDS, EC, and pH were able to be reduced by 8.59%, 7.18%, and 2.59%, 

respectively.  

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion 

exchanger can obtain the standard safe drink water quality according to WHO standard 

guidelines. Specific instructions for maintaining a semi-permeable membrane in reverse osmosis 



or how to do a chemical rinse for ion exchanger resin must be available for the community to do 

the maintenance themselves. 

Based on the results of this study, it is expected that compact, effective water treatment 

equipment for disaster-prone locations can be created. The treated brackish water from the 

filtration method with local filter media can be treated further in conjunction with reverse 

osmosis or ion exchange. As there are two options for further treatment, the advantages and 

disadvantages from the economic and maintenance point of view should be considered. In terms 

of disaster-prone areas, the community will need to have simple water treatment equipment and 

low maintenance. Therefore, cost-effective and low-maintenance water treatment equipment in 

the long term can serve as the next step in this research. 

Acknowledgements 

    The authors would like to convey our thanks to the community in Tegal Sari and Tanjung Sari 

village for their support and contribution during the research time, colleagues at the 

Environmental and Hydraulic Engineering Laboratory at the Department of Civil Engineering, 

Petra Christian University. We would also like to thank the sponsors of the Directorate General 

of Higher Education Indonesia projects Number: 002/AMD-SP2H/LT-MULTI-

TERAPAN/LL7/2022 and 13/SP2H/PT-L/LPPM-UKP/2022. 

 

 

References 

1. Ling, Tong. “A Global Study About Water Crisis.”Advances in Social Science, Education and 

Humanities Research” Proceedings of the 2021 International Conference on Social Development 

and Media Communication (SDMC 2021) (January 2022). doi: 10.2991/assehr.k.220105.148 

2. Tzanakakis, Vasileios A., Nikolaos V. Paranychianakis, Andreas N. Angelakis.” Water Supply 

and Water Scarcity”  Water 2020, 12, 2347 (MDPI) (August 2020).   

3. Rahman, M. A., M. N. Islam. “Scarcity of Safe Drinking Water in the South-West Coastal 

Bangladesh” Journal of Environmental Science and Natural Resources 11(1&2) (2018). 

4. Jeuken, Ad., Mette Termansen, Marco Antonellini, Theo Olsthoorn, Eelco van Beek. “Climate 

Proof Fresh Water Supply in Coastal Areas and Deltas in Europe” Water Resour Manage (31) 

(2017); 583-586. doi: 10.1007/s11269-016-1560-y 

5. Ministry of National Development Planning. “Roadmap Of  SDGs Indonesia : A Highlight”, 

2019, p.48. 

6. Putra, Doni Prakasa Eka, Deviana Halim, Sandi Suko Widagdo, and Rilo Restu Surya Atmaja. 

“Degradation of groundwater quality due to the occurrence of salty-tasted water in Bayat District, 

Klaten, Central Java, Indonesia.” Journal of Degraded and Mining Lands Management 8 (1) 

(2020): 2525-2536. doi: 10.15243/jdmlm.2020.081.2525 

7. Hermawan, Surya, Njo, Anastasia, “Kegiatan program pengembangan desa mitra masyarakat 

pesisir desa Kupang, Kecamatan Jabon, Sidoarjo, Jawa Timur”, Prosiding Seminar Nasional 

Abdimas Ma Chung (2020); 212-221. 



8. Sholihah, Qomariyatus, Wahyudi Kuncoro, Sri Wahyuni, Sisilia Puni Suwandi, Elisa Dwi 

Feditasari. “The analysis of the causes of flood disasters and their impacts in the perspective of 

environmental law” Proceedings of the IOP Conf. Series: Earth and Environmental Science 437 

(2020). doi:10.1088/1755-1315/437/1/012056 

9. Triaji, Muhammad, Yenny Risjani, and Mohammad Mahmudi. “Analysis of Water Quality 

Status in Porong River, Sidoarjo by Using NSF-WQI Index (Nasional Sanitation Foundation – 

Water Quality Index).” Jurnal Pembangunan dan Alam Lestari 8(2) (2017): 117-119. doi: 

10.21776/ub.jpal.2017.008.02.10 

10. Auliya, V.R., B.D. Marsono, A. Yuniarto, and E. Nurhayati. “Brackish water treatment for 

small community by using membrane technology”. Proceedings of the IOP Conference Series: 

Earth and Environmental Series (896) (2021). doi: 10.1088/1755-1315/896/1/012073 

11. M.C. Jayaprakash, Poorvi Shetty, Raju Aedla, and D. Venkat Reddy. “Desalination Approach 

of Seawater and Brackish Water by Coconut Shell Activated Carbon as a Natural Filter Method.” 

International Journal of Earth Sciences and Engineering 10(6) (December 2017): 1220-1224. doi: 

10.21276/ijee.2017.10.0618 

12.  Khanzada, N.K., S. Jamal Khan, and P.A. Davies. “Performance evaluation of reverse 

osmosis (RO) pre-treatment technologies for in-land brackish water treatment”, Desalination 406 

(March 2017): 44-50. doi: 10.1016/j.desal.2016.06.030. 

13. Yogafanny, E., K.O. Yohan, and A. Sungkowo. “Treatment of brackish groundwater by 

zeolite filtration in Sumur Tua Wonocolo, Kedewan, Bojonegoro, East Java”. Proceedings of the 

IOP Conf. Series: Earth and Environmental Science 212 (2018). doi: 10.1088/1755-

1315/212/1/012014 

14. Yaqin, Rizqi Ilmal, Boby Wisely Ziliwu, Bobby Demeianto, Juniawan Preston Siahaan, 

Yuniar Endri Priharanto, and Iskandar Musa. “Rancang Bangun Alat Penjernih Air Portable 

Untuk Persediaan Air Di Kota Dumai.” Jurnal Teknologi 12(2) (Maret 2020): 107-116. doi: 

10.24853/jurtek.12.2.107-116 

15. Barahoei, M., Mohammad Sadegh Hatamipour, Mohsen Khosravi, Saeed Afsharzadeh, and 

Seyed Ehsan Feghhipour. “Salinity reduction of brackish water using a chemical photosynthesis 

desalination cell”, Science of The Total Environment 779 (July 2021). doi: 

10.1016/j.scitotenv.2021.146473. 

16. Ansari, Mostafa, Mudhar A. Al- Obaidi, Zeinab Hadadian, Morteza Moradi, Ali Haghighi, 

Iqbal M. Mujtaba, “Performance evaluation of a brackish water reverse osmosis pilot-plant 

desalination process under different operating conditions: Experimental study”. Cleaner 

Engineering and Technology 4 (2021). doi.org:10.1016/j.clet.2021.100134 

17. Desmiarti, Reni, Munas Martynis,  Jeni Novita, Nanda Saputra. “Kombinasi Proses Filtrasi 

dan Ion Exchange Secara Kontinu pada Pembuatan Aquadm (Demineralized Water)” Chemica 

(4) (June 2017). 

18. Kippeny Tadd C., Christopher S. Badorrek, Louise C. Sengupta. “Water Desalination 

Appartus”, United States. Patent of  US8377297B2, Feb. 19, 2013. 

19. Quan Chen, Weichang Huo, Weidong. “A Kind Of Processing Method Of Brackish Water 

and A Kind Of Saliferous Water Treatment System”, China. Patent of CN105174512B, Aug. 29, 

2017. 



20. Shen Jun Yan, Guo Qinghe, Wang Guibo, Liu Yan, Huang Zhuo. “Bitter (brackish) salt water 

purifying equipment”, China. Patent of CN103073136A, May. 01, 2013. 

21. Mugiyantoro, Alwin, Istifari Husna Rekinagara, Corintia Dian Primaristi, and Joko Soesilo. 

“Penggunaan bahan alam zeolit, pasir silika, dan arang aktif dengan kombinasi teknik shower 

dalam filterisasi Fe, Mn dan Mg pada air tanah di UPN Veteran Yogyakarta”. Proceeding of the 

Seminar Nasional Kebumian ke 10: Peran Penelitian Ilmu Kebumian dalam pembangunan 

infrastruktur di Indonesia (September 2017): 1127-1137. 

22. Wilantara, W. “ Rancang bangun ayakan pasir (Perawatan dan perbaikan). Unpublish Report 

(2016), Politeknik Negri Sriwijaya, Palembang. 

23. Uliana S., Brij Shah, Ishant Raj, Kavish Rathore, Roopika Nautiyal, Anantha Singh. 

“Comparative study of different natural coagulants for the treatment of grey water with 

conventional alum”. Proceeding of the 2nd World Congress on Civil, Structural and 

Environmental Engineering (CSEE) (April 2017). doi: 10.1080/23311916.2017.1365676 

24. Marais, S.S., E.J. Ncube, T.A.M. Msagati, B.B. Mamba, and Thabo T.I. Nkambule. 

“Comparison of Natural Organic Matter Removal by Ultrafiltration, Granular Activated Carbon 

Filtration and Full-Scale Conventional Water Treatment”. Journal of Environmental Chemical 

Engineering 6(5) (October 2018) doi: 10.1016/j.jece.2018.10.002 

25. Sasri, R., Nelly Wahyuni, Kiki Prio Utomo. “Filtration Treatment of Processing Kapuas 

River’s Water by Coral Sands/Kaolinite/Activated Carbon”.  Proceedings of 2017 AIP 

Conference (1823) (2017). doi:10.1063/1.4978103 

26. Lai, K.C, Billie Yan Zhang Hiew, Suchithra Thangalazhy-Gopakumar, Suyin 

Gan.“Environmental application of three-dimensional graphene materials as adsorbents for dyes 

and heavy metals: Review on ice-templating method and adsorption mechanisms”. Journal of 

Environmental Sciences (79) (2018) ; 174 – 199. doi:10.1016/j.jes.2018.11.023 

27. Bano, S., Zulfiqar, S., Zaheer, S., Awais, M., Ahmad, I., Subhani.T., “Durable and recyclable 

superhydrophobic fabric and mesh for oil–water separation”  Advanced Engineering Materials 

(20) (2017). doi:10.1002/adem.201700460 

28. Widyaningsih, T.S., “Breksi batu apung sebagai alternatif teknologi tepat guna untuk 

menurunkan kadar TSS dan BOD dalam limbah cair domestik”. Jurnal Teknologi Technoscientia 

(8) (2016); 194 – 201. doi:10.34151/technoscientia.v8i2.172 

29. Çifçi, Deniz İzlen, Süreyya Meriç. “A review on pumice for water and wastewater treatment”, 

Desalination and Water Treatment (57) (2016). doi: 10.1080/19443994.2015.1124348 

30. Nucifera, Irene Frinada, Titin Anita Zaharah., Titin Anita Zaharah. “Uji stabilitas kitosan-

kaolin sebagai ad8orben logam berat Cu (II) dalam air” Jurnal Kedokteran dan Kesehatan (5) 

(2016), pp. 43-49. 

31. Mustapha, S., M.M. Ndamitso, A.S. Abdulkareem, J.O. Tijani, A.K. Mohammed, D.T. 

Shuaib. “Potential of using kaolin as a natural adsorbent for the removal of pollutants from 

tannery wastewater” Heliyon 5 (2019). doi:org/10.1016/j.heliyon.2019.e02923 

32. Wang, Yibo, Tongtong Wu, Jieyun Huang, Yingxin Liu, Jinming Huang. “Application 

research of waste red brick in water treatment” Proceedings of the IOP Conf. Series: Earth and 

Environmental Science 514 (2020). doi:10.1088/1755-1315/514/3/032055 



33. Nugraha, I. “Pengaruh pemanfaatan abu ampas tebu dan limbah bata merah terhadap 

karakteristik genteng tanah liat tradisional. Unpublish Report (2016). Universitas Negri 

Yogyakarta 

34. Apriadi, Dedi,  Dade Jubaedah, Marini Wijayanti. “Pengaruh frekuensi pembilasan filter 

arang aktif batok kelapa dan spons pada sistem resirkulasi terhadap kualitas air media 

pemeliharaan ikan maanvis (pterophyllum scalare)”, Jurnal Akuakultur Rawa Indonesia (5) 

(2017);120-129. doi:10.36706/jari.v5i2.7135 

35. Purwaningtyas, Fiska Yohana, Zainal Mustakim, Mega Tri Umaminingrum, Muhammad 

Abdul Ghofa. “Pengaruh ukuran zeolit teraktivasi terhadap salinitas air payau di desa kemudi 

dengan metode adsorpsi”, Prosiding Seminar Nasional Teknik Kimia ”Kejuangan” (2020) 

36. Dayanti, Marieta Sarahrut, Netti Herlina. “Studi penurunan Chemical Oxygen Demand 

(COD) pada air limbah domestik buatan menggunakan biofilter aerob tercelup dengan media 

bioring”, Jurnal Dampak (15) (2018);31-36. doi:10.25077/dampak.15.1.31-36.2018 

37. Ariani, Wuri, Sri Sumiyati, Irawan Wisnu Wardana. ”Studi penurunan kadar COD dan TSS 

pada limbah cair rumah makan dengan teknologi biofilm anaerob–aerob menggunakan media 

bioring susunan random” Jurnal Teknik Lingkungan (2014). doi:10.25077/dampak.15.1.31-

36.2018 

38. Agustini TW, Fahmi AS, Widowati I, Sarwono A. “Pemanfaatan limbah cangkang kerang 

simping (Amusium Pleuronectes) dalam pembuatan cookies kaya kalsium.”, Jurnal Pengolahan 

Hasil Perikanan Indonesia (14) (2011). 

39.  Fayaz, S. M. H., Mafigholami, R., Razavian, F., & Ghasemipanah, K. “Control of Silt 

Density Index of Osmosis Membranes Through Chlorine Injection and its Effect on Cartridge 

Filter Replacement Period.” Jundishapur Journal of Health Sciences, In Press(In Press)(2019).  

doi:10.5812/jjhs.84966  

40. Ayou, Dereje S., Habibie Muhammad Ega, Alberto Coronas. “A feasibility study of a small-

scale photovoltaic-powered reverse osmosis desalination plant for potable water and salt 

production in Madura Island: A techno-economic evaluation, Thermal Science and Engineering 

Process (35) (2022). doi:10.1016/j.tsep.2022.101450 

41. Saiful, Sharmila Hasima, Nurul Kamila Rahmi. “Cellulose acetate from palm oil bunch waste 

for forward osmosis membrane in desalination of brackish water”, Results in Engineering (15) 

(2022). doi:10.1016/j.rineng.2022.100611 

42. Honarparvar, Soraya, Xin Zhang, Tianyu Chen, Ashkan Alborzi, Khurshida Afroz,Danny 

Reible. “Frontiers of Membrane Desalination processes for Brackish Water Treatment: A 

Review”, Membranes (11) (2021); 1-52. doi:10.3390/membranes11040246 

43. Chairunissa, Aisha Aprilia, Dika Prasetyo, Edi Mulyadi. “Pembuatan air demineral 

menggunakan membran reverse osmosis (RO) dengan pengaruh debit dan tekanan” Jurnal Teknik 

Kimia (15) (2021); 66-72. 

44.  Pless, Jason D., Mark L. F. Philips, James A. Voigt, Diana Moore, Marlene Axness, James 

L. Krumhansl, Tina M. Nenoff. “Desalination of Brackish Waters Using Ion-Exchange Media”, 

Industrial and Engineering Chemistry Research (45) (2006); 4752 – 4766. 



45. Ain Khaer,  Budirman, “Kemampuan Media Filter Ion Excahnge Dalam Menurunkan Kadar 

Nitrat Air Sumur Gali dI Daerah Kawasan Pesisir”, Jurnal Sulolipu (19) (2019); 102-108. 

46. Qian. P., J. J. Schoenau, “Practical applications of ion exchange resins in agricultural and 

environmental soil research”, Canadian Journal of Soil Science (82) (2022); 9 – 21. 

doi:10.4141/S00-091 

47. Kementerian Kesehatan Republik Indonesia, Permenkes No. 492 tahun 2010, Kementerian 

Sekretariat Negara Republik Indonesia, Jakarta, Indonesia, 2010.  

48. World Health Organization, Guidelines for drinking-water quality, 4th ed. World Health 

Organization: Geneva, Switzerland, pp. 3-493, 2011. 



  



 

  



A Practical Implementation of Brackish Water Treatment With Local Material in 

Sidoarjo Regency, East Java, Indonesia 

  

Surya Hermawan
1*

, Felix Apriyanto
1*

, Ivan Reynaldi Limantara
1
, Daniel 

Steven
1
, Jason Fernaldi

1
, Jescey Edlin Prajogo

1
 

 

1
 Civil Engineering Department, Faculty of Civil Engineering and Planning, Petra Christian 

University, Surabaya, 60236, Indonesia 

 

*Corresponding author:  

shermawan@petra.ac.id  

b11190083@john.petra.ac.id  

  

 

Abstract: Indonesia, an archipelago with vast coastal areas consisting of 809 coastal 

villages, still faces the same problems of clean water scarcity and accessibility. This 

research goals are to discover appropriate inexpensive local filtering media and lower 

the salinity of brackish water in Sidoarjo Regency Indonesia. Regarding previous 

invention and research, this study deploy an experimental method by physical 

experiment including local materials along with  chemical experiment: ion 

exchangers as well as reverse osmosis (RO). The outcomes demonstrate that local 

media filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, 

activated carbon, and kaolin is the best combination to produce the most transparent, 

and odorless water. It can reduce Total Dissolved Solid (TDS) and Electrical 

Condactivity (EC) values by 8.59% and 7.18%, and reduce pH levels by 2.59%. On 

the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively.  

 

Keywords: clean water crisis, brackish water, local filter material, reverse osmosis, 

ion exchanger 

  

 

Introduction 

Water is an essential resource for humans to fulfill their daily needs. The demand for clean 

water increase yearly, so people worldwide are facing water crisis. The term clean water crisis 

not only relates to the amount of water available but also relates to low water quality. Some 

factors that cause the clean water crisis to worsen are increasing population growth and rapidly 

increasing industry [1]. The bad habits of the community, especially urban communities, in 

wasting clean water and environmental pollution worsen water supply and quality. Due to the 

clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million 

people die from drinking contaminated water, millions of people must travel an average of 6 km 

daily to access clean water, and at any given time, half of all hospitals in the world are full of 

patients with diseases related to the clean water crisis [2]. The clean water crisis is worse for 

people living in coastal areas worldwide. The Southwestern coastal regions of Bangladesh and 

Europe are experiencing drinking water scarcity. Many factors contribute to water scarcity, 
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including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, 

polders, arsenic poisoning, overuse of subsurface water, and others [3,4]. 

The Sustainable Development Goals (SDG) has set a global target of 100% access to 

drinkable water by 2030. However, there are still 80 million people who still need access to safe 

drinking water services. Even the capital city of Indonesia, Jakarta has yet to reach 100% access 

to safe drinking water. It is problematic for Indonesia because clean water source availability and 

accessibility from one place to another are not equal [5]. The main problem for the rural and 

coastal communities is their need for clean water. The most accessible natural water source in this 

region for the community's everyday needs and drinking water is groundwater. Still, as the 

ecosystem changes and industrial aquifer contamination increases, the quality of this resource is 

declining [6]. As a result, the socioeconomic impacts on the community are health and rising 

costs for clean water supplies. 

The location for this research is Sidoarjo Regency, East Java, Indonesia (See Figure 1). As a 

river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been 

prone to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural 

calamity, the local industrial region in Sidoarjo was the primary source of groundwater resource 

contamination. Both main factors above affect clean water resources availability for fulfilling the 

community's daily needs in farming and their daily consumption [7,8]. Hence, a suitable and cost-

effective water treatment method must be developed and implemented to resolve the clean water 

resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from 

the Porong River. Based on the research that has been conducted, it is known that the water 

quality is classified as moderate using the Nasional Sanitation Foundation – Water Quality Index 



(NSF-Wqi). It was found from the water samples obtained from two villages in Sidoarjo district, 

Tegal Sari and Tanjung Sari, in the Jabon sub-district, the turbidity content was 68 mg/l, total 

dissolved solids content (TDS) was 223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, 

making it unsuitable for safe, clean water [9]. Therefore, clean water is purchased and 

periodically supplied by truck to the community to meet daily household needs. An alternative 

solution besides a clean water supply is treating brackish water with local filter media, which is 

abundantly available [10]. Local filter materials, such as silica sand, lumajang sand, pumice, 

bricks, sponge, alum, charcoal, active carbon, kaolin, bio ring, clam shell, red tile, and zeolite, can 

be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water 

supply. Jayaprakash et al. [11] have introduced a method to reduce iron, sulfate, chlorine, sodium, 

and TDS content in brackish water using activated carbon media. Khanzhanda et al. [12] have 

evaluated the performance of a combination of pretreatment and reverse osmosis. The first 

method combines cartridge pretreatment with reverse osmosis, and the second uses ultrafiltration 

with RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce 

dissolved solids levels. Yaqin et al. [14] found a portable water purifier using silica sand, zeolite 

stone, greensand sand, zeolite manganese, bio-balls, and activated carbon. Barahoei et al. [15] 

have introduced a method to reduce salinity using chemical photosynthetic desalination cells. 

Ansari. et al. [16]  evaluated the performance of brackish water desalination using reverse 

osmosis under different operational conditions. Desmiarti et al. [17] found a demineralized water 

method using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification 

devices. Tadd C. Kippeny et al. [18] made a patent entitled Water Desalination Apparatus with 

patent number US8377297B2, discussing using a salt sponge unit to remove most salt from water. 

A parallel plate capacitor can be connected after the salt sponge to remove the remaining salt 

ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water and a 

sort of saliferous water treatment system with patent number CN105174512B, discussing a 

brackish water treatment method by performing nanofiltration separation to obtain production 

water and nanofiltration concentrated water. Nanofiltration production water is subjected to a 

reverse osmosis separation process. Shen et al. [20] made a patent with the title Bitter (brackish) 

saltwater purifying equipment with patent number CN103073136A, discussing the manufacture 

of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, 

and ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by 

choosing filtration with suitable local material, reverse osmosis, and ion exchanger. Based on the 

research results, it is expected that the implementation of this method can provide a practical 

solution for overcoming the clean water crisis if it is put into practice. The test results will be 

compared to the WHO drinking water standard for water quality criteria, including pH (Power of 

Hydrogen), TDS (Total Dissolved Solids), EC (Electrical Conductivity), odor, and color. 



Material and Method 

Experimental study use physical and chemical methods to discover the optimal combination 

for on-site brackish water treatment silica sand, lumajang sand, alum, carbon active, sponge, 

pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, clam shell, and a filter 10 micron 

comprise the filter module combination set. Reverse osmosis and ion exchanger equipment will 

be utilized to further treat the water purified by the filtration method. 

Material 

Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very 

effective water filtration medium because it can precipitate and retain impurities from the treated 

water. It is expected that silica sand can remove mud contained in brackish water (Fig 2.a). [21]. 

Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of 

sand is 0.0625 mm to 2 mm [22]. The function of sand for water filters is to hold silt and fine 

impurities. The type of sand used in this study comes from Lumajang, East Java, Indonesia. The 

characteristic of this sand is the color of the sand, the sand has a gray to black color (Fig 2.b). 

Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt 

in the white crystalline form (Fig 2.c). Potassium alum or potash alum is used to coagulate the 

impurities so that the impurities can be separated [23]. As it has the characteristic as coagulant 

agent, it is not only utilized in water treatment, but also in industrial sector, i.e., medicine, food 

preparation, and textile industry. An appropriate dosage of Alum should be added during the 

water treatment so that the treated water is safe for daily consumption.  

Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area 

and homogeneous pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the 

characteristic mentioned above, odor and color, which is caused by the organic compound in 

water, can be removed by adsorption. Hence water's taste and appearance can be improved [25]. 

However, both coarse and fine impurities in the water can't be separated by active carbon 

absorption. 

Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple 

and cost-effective. It is widely available and has a porous synthetic material capable of absorbing 

water and good aeration (Fig 2.e) [26]. The suspended solid particle in water can be separated by 

immersing it in the pore [27]. However, a limited number of dissolved impurities can be retained. 

Sponge, in terms of maintenance, can be effectively cleaned in specific periods and is easy to be 

utilized back as filter media. 

Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled 

bubbles (Fig 2.f) [28]. Pumice can remove coarse contaminants due to its large surface area and 



up to 90% porosity. Pumice can be an absorbent material to remove heavy metals, radioactive, 

and dyes in wastewater [29]. The disadvantage of using this material as a filter is that pumice 

cannot remove fine impurities like sand filters. In terms of maintenance, the pumice filter is 

easier to maintain when compared to a sand filter, but it still takes quite a bit of time long 

enough. 

Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical 

formula Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical 

properties with high surface area and stability. By absorption, Kaolin can remove toxic pollutants 

from water, such as chloride, sulfate, Cr, Cd, and Zn [30], [31]. The disadvantage of this filter 

media is that it cannot hold fine or coarse impurities. 

Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the 

minerals in brackish water. The bricks used this time are red bricks. Red bricks have a large 

surface area and a high porosity making them suitable to be used as an absorbent material and 

filter waste (Fig 2.h) [32]. Given that red bricks are made of clay, this filter can help precipitate 

the minerals contained in the water. The disadvantage of this filter is that it cannot help purify 

water in terms of color. 

Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat 

(Fig 2.i). The function of red tile in water filters is to help kill harmful minerals, and its weakness 

is that it cannot filter out impurities [33]. 

Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made 

from the coconut shell is high-quality, effective, and environmentally friendly. Like active carbon 

and kaolin, coconut shell charcoal can absorb and remove chemical pollutants in the water (Fig 

2.j)[34]. As filtering media, shell charcoal has a slightly significant result, it can’t hold the coarse 

impurities in brackish water, whereas odor and taste can be improved. In terms of maintenance, a 

periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium 

cation is known as zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in 

nature. It can retain or separate chemical molecules as it has molecular-sized pores (Fig 2.k). 

Zeolite, as an adsorbent, can cation exchange due to its negative electrical charge in them. This 

negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, Ca, and 

Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It 

is expected to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in 

height and 18 mm in diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to 



filter bacteria in brackish water. Bio rings have a large surface area and porosity. The number of 

pores in the bio ring gives the bio ring a high surface area, which is helpful for bacteria to 

colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is that it 

cannot filter impurities from the dirt in the brackish water. 

Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of 

mineral present is calcium. Therefore the function of the shell in the water filter can be used as a 

natural mineral source (Fig 2.m)[38]. 

10 Micron Filter 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters 

come in various sizes, with pore diameters ranging from 20 to 1 micron. Therefore, using 10-

micron filters in water filters can retain small particles that enter and improve the quality of 

treated water (Fig 2.n). When the cartridge filter is saturated, it must be replaced to maintain its 

function [39]. 

Reverse Osmosis (RO) 

Reverse osmosis is the most modern type of water treatment. It is the most efficient 

separation technology used in some industrial locations for treating wastewater and seawater 

desalination for creating fresh water (Fig 2.o)[40,41,42]. Water pressure is applied through a 

semi-permeable membrane to remove dissolved inorganic contaminants from water. Fluoride, 

chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are removed during 

treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due 

to mechanical damage. To improve reverse osmosis performance, periodic maintenance and 

cleaning to remove fouling on the membrane surface must be conducted.  
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Figure 2. Materials for filter modules from local materials and reverse osmosis 



Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions 

by binding positive and negative ions with a substance called resin. There are two ion exchange 

resins: cation exchangers, which contain positively charged ions that are exchangeable (Fig 3.a 

and Fig 3.c), and anion exchangers, which have negatively charged ions that are exchangeable 

(Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a powerful acid or 

base. Using flow-through, column, or tank systems, the ion exchange process transforms 

produced brackish water into drinkable or disposable water [44]. Most often, ion exchange media 

are used to remediate waste, soil, and water. This study will employ ion exchange media to treat 

brackish water widely found in coastal and rural locations. Ion exchange therapy is one approach 

for fixing domestic water problems. It can eliminate toxic contaminants from water [45,46]. 

   

Cation Exchanger (a) Anion Exchanger (b) Cation and Anion Resin (c) 

Figure 3. Material for Ion Exchanger. Anion and Kation Exchanger Resin 

 

Research Methodology 

The research methodology used in this study is experimental research, including literature 

from previous studies. A case study will follow. Related information and data on brackish water, 

for example, recent research on treatment methods and properties of brackish water, will be 

obtained as the basis of this research. The application of physical experiments in brackish water 

treatment in this research will be carried out by selecting local materials as filter media and 

reverse osmosis media. These local materials will be prepared in the filtration module. The 

application of chemical experiments using ion exchange resin will be used as water treatment 

equipment. 

  



Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory 

(Fig.4.a). The brackish water sample is obtained from two villages, Tegal Sari and Kupang, in 

Jabon District, Sidoarjo Regency (Fig. 4.b). Reverse osmosis and ion exchanger cartridges will 

also be assembled in the laboratory (Fig .4.c and 4.d). 

 

  

Filter Module Preparations (a) Water Samples (b) 

  

Reverse Osmosis (c) Ion Exchanger (d) 

Figure 4. Water treatment equipment assembly (preparation for filter module, reverse 

osmosis, ion exhanger in filter module and obtaining brackish water sample) 

There will be a pretreatment phase for filter media before it is filled into the filter module. 

Dirt and another contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the 

washing phase is completed, filter media will be dried in the oven. (Fig. 5. b). Mechanical phase, 

crushing, and screening are necessary for certain material to extend their surface area, which can 

be seen in (Fig. 5.c and 5.d). 



  

Washing (a) Drying (b) 

  

Crushing (c) Screening (d) 

Figure 5. Filter media pre treatment phase (washing, drying, crushing and screening) 

 

Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter 

module (Fig. 6.a). A brackish water sample will be pumped into the filtration module (Fig. 6.b). 

The treated brackish water from the filtration module will be analyzed for its water quality 

parameter, i.e., pH, TDS, EC, odor, and color will be observed and measured (Fig. 6.c and Fig 

6.d). The combination of local filter media used in this study amount to 25 combinations which is 

described in Table 1. For instance: the first experiment, the combination module 1, 2, and 3 

utilized: lumajang sand, charcoal, and bricks, respectively.  

 

 



  

Filter Module Materials (a) Filter Module Installations (b) 

  

EC Value Result (c) pH Value Result (d) 

Figure 6.  Filter module assembly (water quality parameter analysis for treated water 

after filtration) 

 

The brackish water sample will be analyzed before the treatment in the laboratory to get the 

initial water quality parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC 

value of 5070 μs/cm. Color, odor, and turbidity of the water sample before and after treatment are 

also observed. The standard water quality criterion will be based on the Minister of Health 

Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality standards. 

As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a 

TDS value lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, 

clean water must be odorless and colorless [47,48]. The water quality parameter after the 

treatment will be compared with the standard above. 

 

 

 

 



Table 1. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin 

Active 

Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Active Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   



 

Result 

pH, TDS, and EC of the treated water, as the determining water quality parameter, will be 

measured and described in two sections. The analysis result after the filtration through the filter 

module combination will be shown in the first section. The analysis results from reverse osmosis 

and ion exchanger can be seen in the second section. Based on brackish water before and after 

treatment analysis results, the treatment effectiveness from both filtration method, reverse 

osmosis, and ion exchanger can be further evaluated. 

Water Quality Parameter After Filtration with Local Filter Media 

pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. 

The highest increase in pH value from 7.7 to 8.4 is shown in experiments 6, while the highest 

decrease in pH value from 8.6 to 8 occurred in experiments 1. The pH value after treatment is 

still acceptable based on the quality standard except for experiments 21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

  

TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value 

after the treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the 

highest decrease in TDS value from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value 

after filtration ranges between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has 

demonstrated the highest decrease in EC value from 5150 μs/cm to 4780 μs/cm. The filtration 

method can achieve an average reduction between 3.9% - 7.18% in EC value. The comparison of 

EC values before and after filtration is shown in Fig. 9.   

 

 

 

 

 

 

 

 

Figure 9. EC value comparison, before and after filtration 

 

Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local 

material still exceeds the WHO clean water standard guideline, reverse osmosis equipment is 



utilized to remove the TDC and EC value further. The filter module is also equipped with the 

reverse osmosis unit to remove dirt and other coarse contaminants as pretreatment. 10-micron 

filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main components 

in the filter module. The result in Table 2 shows the treatment result by reverse osmosis. TDS 

and EC value significantly reduced at approximately 95 – 98% from the initial value before the 

treatment. 

Table 2. Reverse osmosis analysis result on pH, TDS, and EC 

 

 

 

 

 

 

TDS and EC analysis results after treatment with an ion exchanger is shown in Table 3. TDS 

value reduction by ion exchanger ranges between 67 – 70%, while EC value shows the same 

reduction range as TDS. 

Table 3. Ion exchanger analysis result on pH, TDS, and EC 

 

 

 

 

Disscussion 

There was little significant change in the pH value after treatment with the combined filter 

modules. There is an increase of about 2.23%, so the filtered water tends to be alkaline, but the 

pH value is still within the standard guidelines for clean water. The TDS value has decreased by 

about 1.64–7.56%, which can be obtained with a combination of filter modules. Like the TDS 

value, the EC value also decreased between 3.9% and 7.18%. When compared with research 

conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped by 

about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 

50%. Therefore, the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and 

activated carbon in Experiment No. 14–20 showed better results in reducing TDS and EC values. 

These filter materials can remove minerals and salinity contained in brackish water. However, the 

salinity reduction was not significant enough. Odor, color, and turbidity can be removed by the 

filtration method. 

Time pH TDS EC 

(minutes) Before After Before After Before After 

5 8 8,2 2550 232 5070 467 

10 8 8,2 2550 247 5070 496 

15 8 8,2 2550 245 5070 493 

20 8 8,2 2550 252 5070 500 

25 8 8,2 2550 250 5070 503 

30 8 8,2 2550 253 5070 504 

35 8 8,2 2550 251 5070 505 

Time 
(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8 8,3 2550 815 5070 1630 

10 8 8,3 2550 793 5070 1586 

15 8 8,3 2550 750 5070 1500 

20 8.0 8.3 2550 729 5070 1458 



The reverse osmosis performance in this study shows that it can effectively remove TDS and 

EC values around 99.5%. Compared to the research conducted by Ansari et al. [16], reverse 

osmosis can remove TDS values of around 98.8%. As a result, the reverse osmosis performance 

in this study is better than other studies, exceeding the maximum standards in standards set by the 

WHO. However, since the filtration method can remove odor, color, and turbidity, the brackish 

water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The 

treatment results show a decrease in TDS and EC values in the 67–70% range. Therefore, ion 

exchangers are less effective in removing TDS and EC than reverse osmosis. The TDS and EC 

values obtained after treatment with ion exchangers are higher than the standards set by the 

WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more 

significant reduction of TDS and EC values by approximately 89.01%-90.91% for four cartridges 

and one microfilter and approximately 95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient 

treatment to get the clean water standard parameter. Reverse osmosis has the advantage of 

requiring no hazardous chemical agent, and a high-quality clean water standard can be achieved. 

However, the membrane is the sensitive item in reverse osmosis which requires careful attention 

and is costly. On the contrary side, the ion exchanger is more competitive even though it is less 

effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of 

the chemical agent to rinse or reactivate the resin, and is not able to remove bacterial or organic 

contamination. 

The result may differ in each method because there are differences in parameters, such as raw 

water quality, filter materials, and the input flow rate before treatment. Combining physical 

methods by filtration and reverse osmosis or ion exchangers can remove contaminants in 

brackish water. Hence, the safe, clean drinking water quality parameter can be complied with. 

Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in 

remote areas, proved to be cost-effective equipment. This equipment is very practical and helpful 

for local communities, especially in coastal regions in Indonesia and local communities in 

disaster-prone areas. Therefore, clean water can be produced locally and used for daily household 

consumption, as the filtration method can largely remove odor, color, and turbidity. In terms of 

maintenance, the filter is easy to maintain and clean regularly. 

 The results of the research study showed that water filters using local materials are able to 

reduce TDS, EC, and pH values. The best combination to reduce TDS, EC, and pH values is a 

combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin. It was 

found that the values of TDS, EC, and pH were able to be reduced by 8.59%, 7.18%, and 2.59%, 

respectively.  

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion 

exchanger can obtain the standard safe drink water quality according to WHO standard 

guidelines. Specific instructions for maintaining a semi-permeable membrane in reverse osmosis 



or how to do a chemical rinse for ion exchanger resin must be available for the community to do 

the maintenance themselves. 

Based on the results of this study, it is expected that compact, effective water treatment 

equipment for disaster-prone locations can be created. The treated brackish water from the 

filtration method with local filter media can be treated further in conjunction with reverse 

osmosis or ion exchange. As there are two options for further treatment, the advantages and 

disadvantages from the economic and maintenance point of view should be considered. In terms 

of disaster-prone areas, the community will need to have simple water treatment equipment and 

low maintenance. Therefore, cost-effective and low-maintenance water treatment equipment in 

the long term can serve as the next step in this research. 
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Abstract: Indonesia, an archipelago with vast coastal areas consisting of 809 coastal 

villages, still faces the same problems of clean water scarcity and accessibility. This 

research goals are to discover appropriate inexpensive local filtering media and lower 

the salinity of brackish water in Sidoarjo Regency Indonesia. Regarding previous 

invention and research, this study deploy an experimental method by physical 

experiment including local materials along with  chemical experiment: ion 

exchangers as well as reverse osmosis (RO). The outcomes demonstrate that local 

media filtration utilizing a combination of a 10-micron filter, kaolin, zeolite, kaolin, 

activated carbon, and kaolin is the best combination to produce the most transparent, 

and odorless water. It can reduce Total Dissolved Solid (TDS) and Electrical 

Condactivity (EC) values by 8.59% and 7.18%, and reduce pH levels by 2.59%. On 

the other hand, reverse osmosis and ion exchange can achieve 99.5% and 67% 

reductions in TDS and EC values, respectively.  

 

Keywords: clean water crisis, brackish water, local filter material, reverse osmosis, 

ion exchanger 

  

 

Introduction 

Water is an essential resource for humans to fulfill their daily needs. The demand for clean 

water increase yearly, so people worldwide are facing water crisis. The term clean water crisis 

not only relates to the amount of water available but also relates to low water quality. Some 

factors that cause the clean water crisis to worsen are increasing population growth and rapidly 

increasing industry [1]. The bad habits of the community, especially urban communities, in 

wasting clean water and environmental pollution worsen water supply and quality. Due to the 

clean water crisis, nearly one (1) billion people are unable to access clean water, 3.4 million 

people die from drinking contaminated water, millions of people must travel an average of 6 km 

daily to access clean water, and at any given time, half of all hospitals in the world are full of 

patients with diseases related to the clean water crisis [2]. The clean water crisis is worse for 

people living in coastal areas worldwide. The Southwestern coastal regions of Bangladesh and 

Europe are experiencing drinking water scarcity. Many factors contribute to water scarcity, 
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including seawater intrusion, decreased upstream water discharge, sea level rise, disasters, 

polders, arsenic poisoning, overuse of subsurface water, and others [3,4]. 

The Sustainable Development Goals (SDG) has set a global target of 100% access to 

drinkable water by 2030. However, there are still 80 million people who still need access to safe 

drinking water services. Even the capital city of Indonesia, Jakarta has yet to reach 100% access 

to safe drinking water. It is problematic for Indonesia because clean water source availability and 

accessibility from one place to another are not equal [5]. The main problem for the rural and 

coastal communities is their need for clean water. The most accessible natural water source in this 

region for the community's everyday needs and drinking water is groundwater. Still, as the 

ecosystem changes and industrial aquifer contamination increases, the quality of this resource is 

declining [6]. As a result, the socioeconomic impacts on the community are health and rising 

costs for clean water supplies. 

The location for this research is Sidoarjo Regency, East Java, Indonesia (See Figure 1). As a 

river delta area between the Kalimas and Porong rivers and the coast, Sidoarjo has always been 

prone to natural disasters like flooding, typhoons, and tornadoes. In addition to the natural 

calamity, the local industrial region in Sidoarjo was the primary source of groundwater resource 

contamination. Both main factors above affect clean water resources availability for fulfilling the 

community's daily needs in farming and their daily consumption [7,8]. Hence, a suitable and cost-

effective water treatment method must be developed and implemented to resolve the clean water 

resources availability issue in this area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sidoarjo Regency, East Java, Indonesia. Research work location 

The only water source available in this area is household wells filled with brackish water from 

the Porong River. Based on the research that has been conducted, it is known that the water 

quality is classified as moderate using the Nasional Sanitation Foundation – Water Quality Index 



(NSF-Wqi). It was found from the water samples obtained from two villages in Sidoarjo district, 

Tegal Sari and Tanjung Sari, in the Jabon sub-district, the turbidity content was 68 mg/l, total 

dissolved solids content (TDS) was 223 mg/l, and Escherichia. Coli content was 210 mg/100 ml, 

making it unsuitable for safe, clean water [9]. Therefore, clean water is purchased and 

periodically supplied by truck to the community to meet daily household needs. An alternative 

solution besides a clean water supply is treating brackish water with local filter media, which is 

abundantly available [10]. Local filter materials, such as silica sand, lumajang sand, pumice, 

bricks, sponge, alum, charcoal, active carbon, kaolin, bio ring, clam shell, red tile, and zeolite, can 

be used to treat the water. 

Several studies have been conducted on brackish water treatment to address clean water 

supply. Jayaprakash et al. [11] have introduced a method to reduce iron, sulfate, chlorine, sodium, 

and TDS content in brackish water using activated carbon media. Khanzhanda et al. [12] have 

evaluated the performance of a combination of pretreatment and reverse osmosis. The first 

method combines cartridge pretreatment with reverse osmosis, and the second uses ultrafiltration 

with RO. Yogafanny et al. [13] have introduced a method using local zeolite material to reduce 

dissolved solids levels. Yaqin et al. [14] found a portable water purifier using silica sand, zeolite 

stone, greensand sand, zeolite manganese, bio-balls, and activated carbon. Barahoei et al. [15] 

have introduced a method to reduce salinity using chemical photosynthetic desalination cells. 

Ansari. et al. [16]  evaluated the performance of brackish water desalination using reverse 

osmosis under different operational conditions. Desmiarti et al. [17] found a demineralized water 

method using a combination of continuous filtration and ion exchange processes. 

Several references were also taken from several patents on brackish water purification 

devices. Tadd C. Kippeny et al. [18] made a patent entitled Water Desalination Apparatus with 

patent number US8377297B2, discussing using a salt sponge unit to remove most salt from water. 

A parallel plate capacitor can be connected after the salt sponge to remove the remaining salt 

ions. Chen et al. [19] made a patent entitled A kind of processing method of brackish water and a 

sort of saliferous water treatment system with patent number CN105174512B, discussing a 

brackish water treatment method by performing nanofiltration separation to obtain production 

water and nanofiltration concentrated water. Nanofiltration production water is subjected to a 

reverse osmosis separation process. Shen et al. [20] made a patent with the title Bitter (brackish) 

saltwater purifying equipment with patent number CN103073136A, discussing the manufacture 

of brackish saltwater purification equipment with multi-medium filter, automatic cleaning filter, 

and ultrafiltration membrane device. 

This study aimed to identify a technique for obtaining clean water from brackish water by 

choosing filtration with suitable local material, reverse osmosis, and ion exchanger. Based on the 

research results, it is expected that the implementation of this method can provide a practical 

solution for overcoming the clean water crisis if it is put into practice. The test results will be 

compared to the WHO drinking water standard for water quality criteria, including pH (Power of 

Hydrogen), TDS (Total Dissolved Solids), EC (Electrical Conductivity), odor, and color. 



Material and Method 

Experimental study use physical and chemical methods to discover the optimal combination 

for on-site brackish water treatment silica sand, lumajang sand, alum, carbon active, sponge, 

pumice, kaolin, red brick, red tile, charcoal, zeolite, bio ring, clam shell, and a filter 10 micron 

comprise the filter module combination set. Reverse osmosis and ion exchanger equipment will 

be utilized to further treat the water purified by the filtration method. 

Material 

Silica Sand  

Silica sand, or quartz sand, contains about 99.7% silicon dioxide (SiO2). Silica sand is a very 

effective water filtration medium because it can precipitate and retain impurities from the treated 

water. It is expected that silica sand can remove mud contained in brackish water (Fig 2.a). [21]. 

Lumajang Sand 

Lumajang Sand is formed from silicon dioxide content or limestone. Generally, the size of 

sand is 0.0625 mm to 2 mm [22]. The function of sand for water filters is to hold silt and fine 

impurities. The type of sand used in this study comes from Lumajang, East Java, Indonesia. The 

characteristic of this sand is the color of the sand, the sand has a gray to black color (Fig 2.b). 

Alum 

Alum is found in nature as a chemical compound known as hydrated aluminum sulphate salt 

in the white crystalline form (Fig 2.c). Potassium alum or potash alum is used to coagulate the 

impurities so that the impurities can be separated [23]. As it has the characteristic as coagulant 

agent, it is not only utilized in water treatment, but also in industrial sector, i.e., medicine, food 

preparation, and textile industry. An appropriate dosage of Alum should be added during the 

water treatment so that the treated water is safe for daily consumption.  

Active Carbon 

Active carbon is widely known for its physical properties, which includes a large surface area 

and homogeneous pore size (Fig 2.d). It is chemically inert and stable [24]. Based on the 

characteristic mentioned above, odor and color, which is caused by the organic compound in 

water, can be removed by adsorption. Hence water's taste and appearance can be improved [25]. 

However, both coarse and fine impurities in the water can't be separated by active carbon 

absorption. 

Sponge 

Sponge is commonly known as basic physical and mechanical filter media, which is simple 

and cost-effective. It is widely available and has a porous synthetic material capable of absorbing 

water and good aeration (Fig 2.e) [26]. The suspended solid particle in water can be separated by 

immersing it in the pore [27]. However, a limited number of dissolved impurities can be retained. 

Sponge, in terms of maintenance, can be effectively cleaned in specific periods and is easy to be 

utilized back as filter media. 

Pumice 

Pumice is a type of rock that is light in color and contains thick foam made of glass-walled 

bubbles (Fig 2.f) [28]. Pumice can remove coarse contaminants due to its large surface area and 



up to 90% porosity. Pumice can be an absorbent material to remove heavy metals, radioactive, 

and dyes in wastewater [29]. The disadvantage of using this material as a filter is that pumice 

cannot remove fine impurities like sand filters. In terms of maintenance, the pumice filter is 

easier to maintain when compared to a sand filter, but it still takes quite a bit of time long 

enough. 

Kaolin 

Kaolin or kaolinite is a type of primary clay material that exists in nature, with the chemical 

formula Al2O3.2SiO2.2H2O (Fig 2.g). Kaolin and activated carbon have similar physical 

properties with high surface area and stability. By absorption, Kaolin can remove toxic pollutants 

from water, such as chloride, sulfate, Cr, Cd, and Zn [30], [31]. The disadvantage of this filter 

media is that it cannot hold fine or coarse impurities. 

Red Bricks 

The function of red bricks in this water purification filter is to separate and precipitate the 

minerals in brackish water. The bricks used this time are red bricks. Red bricks have a large 

surface area and a high porosity making them suitable to be used as an absorbent material and 

filter waste (Fig 2.h) [32]. Given that red bricks are made of clay, this filter can help precipitate 

the minerals contained in the water. The disadvantage of this filter is that it cannot help purify 

water in terms of color. 

Red Tile 

Red tile is made from clay processing and then heated with coal with a certain degree of heat 

(Fig 2.i). The function of red tile in water filters is to help kill harmful minerals, and its weakness 

is that it cannot filter out impurities [33]. 

Charcoal 

Another filter material known as an effective filter media is charcoal. The charcoal made 

from the coconut shell is high-quality, effective, and environmentally friendly. Like active carbon 

and kaolin, coconut shell charcoal can absorb and remove chemical pollutants in the water (Fig 

2.j)[34]. As filtering media, shell charcoal has a slightly significant result, it can’t hold the coarse 

impurities in brackish water, whereas odor and taste can be improved. In terms of maintenance, a 

periodic replacement is needed and is easy to obtain as this material is commonly used in water 

treatment. 

Zeolite 

A form of hydrated alumina-silicate chemical compound with sodium, potassium, and barium 

cation is known as zeolite. Zeolite is formed naturally from volcanic and sedimentation rock in 

nature. It can retain or separate chemical molecules as it has molecular-sized pores (Fig 2.k). 

Zeolite, as an adsorbent, can cation exchange due to its negative electrical charge in them. This 

negative electrical charge can bind cations generally found in groundwater, i.e., Fe, Al, Ca, and 

Mg. [35]. Zeolite is used not only in water treatment but also for treating wastewater treatment. It 

is expected to remove heavy metal cations in wastewater, i.e., Zn, Cr, Pb, Cd, Cu, Mn, Fe, etc.   

Bio Ring 

Bio ring is made from ceramic and found in white color. It has a cylindrical form of 20 mm in 

height and 18 mm in diameter (Fig 2.l)[36]. The function of the bio ring in this filtration 200 is to 



filter bacteria in brackish water. Bio rings have a large surface area and porosity. The number of 

pores in the bio ring gives the bio ring a high surface area, which is helpful for bacteria to 

colonize, allowing water to enter the pores easily [37]. The disadvantage of this filter is that it 

cannot filter impurities from the dirt in the brackish water. 

Clam Shell 

The public generally considers clamshell waste but have a high mineral content. The type of 

mineral present is calcium. Therefore the function of the shell in the water filter can be used as a 

natural mineral source (Fig 2.m)[38]. 

10 Micron Filter 

The 10 Micron filter consists of a filter cartridge made of polypropylene. Cartridge filters 

come in various sizes, with pore diameters ranging from 20 to 1 micron. Therefore, using 10-

micron filters in water filters can retain small particles that enter and improve the quality of 

treated water (Fig 2.n). When the cartridge filter is saturated, it must be replaced to maintain its 

function [39]. 

Reverse Osmosis (RO) 

Reverse osmosis is the most modern type of water treatment. It is the most efficient 

separation technology used in some industrial locations for treating wastewater and seawater 

desalination for creating fresh water (Fig 2.o)[40,41,42]. Water pressure is applied through a 

semi-permeable membrane to remove dissolved inorganic contaminants from water. Fluoride, 

chlorine, nitrates, sulfate, pesticides, etc., dissolved pollutants in the water are removed during 

treatment [43]. Solid impurities must be separated using mechanical treatment, i.e., settling and 

filtration, so that it will not shorten the membrane interval maintenance and its lifespan time due 

to mechanical damage. To improve reverse osmosis performance, periodic maintenance and 

cleaning to remove fouling on the membrane surface must be conducted.  

   

Silica Sand (a) Lumajang Sand (b) Alum (c) 



   

Active Carbon (d) Sponge (e) Pumice (f) 

   

Kaolin (g) Red Brick (h) Red Tile (i) 

   

Charcoal (j) Zeolite (k) Bio Ring (l) 

   

Clamshell (m) 10 Micron Filter (n) Reverse Osmosis (o) 

Figure 2. Materials for filter modules from local materials and reverse osmosis 



Ion Exchanger 

The ion exchanger is one of the desalination process's fundamental components. It functions 

by binding positive and negative ions with a substance called resin. There are two ion exchange 

resins: cation exchangers, which contain positively charged ions that are exchangeable (Fig 3.a 

and Fig 3.c), and anion exchangers, which have negatively charged ions that are exchangeable 

(Fig 3.b and Fig 3,c). Both cation and anion resins must be regenerated using a powerful acid or 

base. Using flow-through, column, or tank systems, the ion exchange process transforms 

produced brackish water into drinkable or disposable water [44]. Most often, ion exchange media 

are used to remediate waste, soil, and water. This study will employ ion exchange media to treat 

brackish water widely found in coastal and rural locations. Ion exchange therapy is one approach 

for fixing domestic water problems. It can eliminate toxic contaminants from water [45,46]. 

   

Cation Exchanger (a) Anion Exchanger (b) Cation and Anion Resin (c) 

Figure 3. Material for Ion Exchanger. Anion and Kation Exchanger Resin 

 

Research Methodology 

The research methodology used in this study is experimental research, including literature 

from previous studies. A case study will follow. Related information and data on brackish water, 

for example, recent research on treatment methods and properties of brackish water, will be 

obtained as the basis of this research. The application of physical experiments in brackish water 

treatment in this research will be carried out by selecting local materials as filter media and 

reverse osmosis media. These local materials will be prepared in the filtration module. The 

application of chemical experiments using ion exchange resin will be used as water treatment 

equipment. 

  



Filter Media Preparation and Assembly 

Filter module assembly with selected local filter media was conducted in the laboratory 

(Fig.4.a). The brackish water sample is obtained from two villages, Tegal Sari and Kupang, in 

Jabon District, Sidoarjo Regency (Fig. 4.b). Reverse osmosis and ion exchanger cartridges will 

also be assembled in the laboratory (Fig .4.c and 4.d). 

 

  

Filter Module Preparations (a) Water Samples (b) 

  

Reverse Osmosis (c) Ion Exchanger (d) 

Figure 4. Water treatment equipment assembly (preparation for filter module, reverse 

osmosis, ion exhanger in filter module and obtaining brackish water sample) 

There will be a pretreatment phase for filter media before it is filled into the filter module. 

Dirt and another contaminant will be eliminated by washing in the first phase (Fig. 5.a). Once the 

washing phase is completed, filter media will be dried in the oven. (Fig. 5. b). Mechanical phase, 

crushing, and screening are necessary for certain material to extend their surface area, which can 

be seen in (Fig. 5.c and 5.d). 



  

Washing (a) Drying (b) 

  

Crushing (c) Screening (d) 

Figure 5. Filter media pre treatment phase (washing, drying, crushing and screening) 

 

Filter Module Assembly 

As the filter media has completed its pretreatment phase, it will be filled into each filter 

module (Fig. 6.a). A brackish water sample will be pumped into the filtration module (Fig. 6.b). 

The treated brackish water from the filtration module will be analyzed for its water quality 

parameter, i.e., pH, TDS, EC, odor, and color will be observed and measured (Fig. 6.c and Fig 

6.d). The combination of local filter media used in this study amount to 25 combinations which is 

described in Table 1. For instance: the first experiment, the combination module 1, 2, and 3 

utilized: lumajang sand, charcoal, and bricks, respectively.  

 

 



  

Filter Module Materials (a) Filter Module Installations (b) 

  

EC Value Result (c) pH Value Result (d) 

Figure 6.  Filter module assembly (water quality parameter analysis for treated water 

after filtration) 

 

The brackish water sample will be analyzed before the treatment in the laboratory to get the 

initial water quality parameter value. It has an average pH of 8.0, a TDS value of 2550 ppm, EC 

value of 5070 μs/cm. Color, odor, and turbidity of the water sample before and after treatment are 

also observed. The standard water quality criterion will be based on the Minister of Health 

Republic of Indonesia Regulation No. 492, 2010, and the WHO drinking water quality standards. 

As per water parameter quality standards, clean water has an average pH between 6.5 – 8.5, a 

TDS value lower than 500 ppm, and an EC value lower than 300 μs/cm. As physical criteria, 

clean water must be odorless and colorless [47,48]. The water quality parameter after the 

treatment will be compared with the standard above. 

 

 

 

 



Table 1. Filter module combination with local filter media 

No Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 

1 Lumajang Sand Charcoal Bricks    

2 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

3 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

4 Lumajang Sand Pumice Bricks Kaolin Active Carbon  

5 Lumajang Sand 

Carbon 

Active Bricks Zeolite Kaolin  

6 Lumajang Sand Red Tile Zeolite Zeolite Kaolin 

Active 

Carbon 

7 Zeolite Zeolite     

8 Clamshell      

9 Fliter      

10 Active Carbon      

11 Active Carbon 

Active 

Carbon     

12 Kaolin      

13 Bio Ring      

14 Filter Kaolin Zeolite Kaolin Kaolin Kaolin 

15 Fliter Kaolin Zeolite Kaolin Active Carbon Kaolin 

16 Bricks      

17 Lumajang Sand Bricks     

18 Lumajang Sand Bricks Bricks    

19 Lumajang Sand Bricks Bricks Sand   

20 Kaolin 

Active 

Carbon 

Active 

Carbon Active Carbon 

Filter 10 

Micron  

21 Alum Zeolite Kaolin Silica Sand   

22 Alum Kaolin 

Filter 10 

Micron Kaolin   

23 Zeolite Silica Sand 

Filter 10 

Micron Sponge   

24 Silica Sand Zeolite Charcoal 

Filter 10 

Micron   

25 Silica Sand Zeolite Sponge 

Filter 10 

Micron   



 

Result 

pH, TDS, and EC of the treated water, as the determining water quality parameter, will be 

measured and described in two sections. The analysis result after the filtration through the filter 

module combination will be shown in the first section. The analysis results from reverse osmosis 

and ion exchanger can be seen in the second section. Based on brackish water before and after 

treatment analysis results, the treatment effectiveness from both filtration method, reverse 

osmosis, and ion exchanger can be further evaluated. 

Water Quality Parameter After Filtration with Local Filter Media 

pH 

    As shown in Fig. 7, the filtration result shows that the pH value range is between 6.6 to 8.6. 

The highest increase in pH value from 7.7 to 8.4 is shown in experiments 6, while the highest 

decrease in pH value from 8.6 to 8 occurred in experiments 1. The pH value after treatment is 

still acceptable based on the quality standard except for experiments 21, and 22. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH value comparison, before and after filtration  

  

TDS value shows a decreasing trend after filtration. It can be seen in Fig. 8 that the TDS value 

after the treatment is in the range between 2340 – 4810 ppm. Experiment no. 15 result has the 

highest decrease in TDS value from 2560 ppm to 2340 ppm, equal to 8.59%.  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 8. TDS value comparison, before and after filtration 

The same decreasing trend in EC value is also obtained after filtration. The average EC value 

after filtration ranges between 4530 – 9800 μs/cm. Like the TDS value, experiment no. 15 has 

demonstrated the highest decrease in EC value from 5150 μs/cm to 4780 μs/cm. The filtration 

method can achieve an average reduction between 3.9% - 7.18% in EC value. The comparison of 

EC values before and after filtration is shown in Fig. 9.   

 

 

 

 

 

 

 

 

Figure 9. EC value comparison, before and after filtration 

 

Water Quality Parameter from Reverse Osmosis and Ion Exchanger 

As TDS and EC values from the treated water, the filtration method with selected local 

material still exceeds the WHO clean water standard guideline, reverse osmosis equipment is 



utilized to remove the TDC and EC value further. The filter module is also equipped with the 

reverse osmosis unit to remove dirt and other coarse contaminants as pretreatment. 10-micron 

filter, Chlorine Taste Odor (CTO), and Granular Active Carbon (GAC) are the main components 

in the filter module. The result in Table 2 shows the treatment result by reverse osmosis. TDS 

and EC value significantly reduced at approximately 95 – 98% from the initial value before the 

treatment. 

Table 2. Reverse osmosis analysis result on pH, TDS, and EC 

 

 

 

 

 

 

TDS and EC analysis results after treatment with an ion exchanger is shown in Table 3. TDS 

value reduction by ion exchanger ranges between 67 – 70%, while EC value shows the same 

reduction range as TDS. 

Table 3. Ion exchanger analysis result on pH, TDS, and EC 

 

 

 

 

Disscussion 

There was little significant change in the pH value after treatment with the combined filter 

modules. There is an increase of about 2.23%, so the filtered water tends to be alkaline, but the 

pH value is still within the standard guidelines for clean water. The TDS value has decreased by 

about 1.64–7.56%, which can be obtained with a combination of filter modules. Like the TDS 

value, the EC value also decreased between 3.9% and 7.18%. When compared with research 

conducted by Yaqin et al. [14], it was found that the filtration results for pH values dropped by 

about 6.25% so that the water tended to be neutral, and for TDS values, they increased by about 

50%. Therefore, the combination of a 10-micron filter, silica sand, kaolin, zeolite, brick, and 

activated carbon in Experiment No. 14–20 showed better results in reducing TDS and EC values. 

These filter materials can remove minerals and salinity contained in brackish water. However, the 

salinity reduction was not significant enough. Odor, color, and turbidity can be removed by the 

filtration method. 

Time pH TDS EC 

(minutes) Before After Before After Before After 

5 8 8,2 2550 232 5070 467 

10 8 8,2 2550 247 5070 496 

15 8 8,2 2550 245 5070 493 

20 8 8,2 2550 252 5070 500 

25 8 8,2 2550 250 5070 503 

30 8 8,2 2550 253 5070 504 

35 8 8,2 2550 251 5070 505 

Time 
(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8 8,3 2550 815 5070 1630 

10 8 8,3 2550 793 5070 1586 

15 8 8,3 2550 750 5070 1500 

20 8.0 8.3 2550 729 5070 1458 



The reverse osmosis performance in this study shows that it can effectively remove TDS and 

EC values around 99.5%. Compared to the research conducted by Ansari et al. [16], reverse 

osmosis can remove TDS values of around 98.8%. As a result, the reverse osmosis performance 

in this study is better than other studies, exceeding the maximum standards in standards set by the 

WHO. However, since the filtration method can remove odor, color, and turbidity, the brackish 

water is sufficient to meet daily household consumption needs. 

Ion exchangers have the same ability to remove TDS and EC from brackish water. The 

treatment results show a decrease in TDS and EC values in the 67–70% range. Therefore, ion 

exchangers are less effective in removing TDS and EC than reverse osmosis. The TDS and EC 

values obtained after treatment with ion exchangers are higher than the standards set by the 

WHO, which are 500 ppm for TDS values and 300 s/cm for EC values—according to a study by 

Desmiarti et al. [17], using an ion exchanger and microfilter for water treatment results in a more 

significant reduction of TDS and EC values by approximately 89.01%-90.91% for four cartridges 

and one microfilter and approximately 95.94%-96.36% for six cartridges and one microfilter. 

Reverse osmosis and ion exchanger are proven methods that can provide a sufficient 

treatment to get the clean water standard parameter. Reverse osmosis has the advantage of 

requiring no hazardous chemical agent, and a high-quality clean water standard can be achieved. 

However, the membrane is the sensitive item in reverse osmosis which requires careful attention 

and is costly. On the contrary side, the ion exchanger is more competitive even though it is less 

effective than reverse osmosis. The disadvantages of an ion exchanger lie in the requirement of 

the chemical agent to rinse or reactivate the resin, and is not able to remove bacterial or organic 

contamination. 

The result may differ in each method because there are differences in parameters, such as raw 

water quality, filter materials, and the input flow rate before treatment. Combining physical 

methods by filtration and reverse osmosis or ion exchangers can remove contaminants in 

brackish water. Hence, the safe, clean drinking water quality parameter can be complied with. 

Conclusion 

The combination of local filter materials and applied water treatment equipment, especially in 

remote areas, proved to be cost-effective equipment. This equipment is very practical and helpful 

for local communities, especially in coastal regions in Indonesia and local communities in 

disaster-prone areas. Therefore, clean water can be produced locally and used for daily household 

consumption, as the filtration method can largely remove odor, color, and turbidity. In terms of 

maintenance, the filter is easy to maintain and clean regularly. 

 The results of the research study showed that water filters using local materials are able to 

reduce TDS, EC, and pH values. The best combination to reduce TDS, EC, and pH values is a 

combination of a 10-micron filter, kaolin, zeolite, kaolin, activated carbon, and kaolin. It was 

found that the values of TDS, EC, and pH were able to be reduced by 8.59%, 7.18%, and 2.59%, 

respectively.  

As the filtration method can’t remove TDS and EC further, reverse osmosis, and ion 

exchanger can obtain the standard safe drink water quality according to WHO standard 

guidelines. Specific instructions for maintaining a semi-permeable membrane in reverse osmosis 



or how to do a chemical rinse for ion exchanger resin must be available for the community to do 

the maintenance themselves. 

Based on the results of this study, it is expected that compact, effective water treatment 

equipment for disaster-prone locations can be created. The treated brackish water from the 

filtration method with local filter media can be treated further in conjunction with reverse 

osmosis or ion exchange. As there are two options for further treatment, the advantages and 

disadvantages from the economic and maintenance point of view should be considered. In terms 

of disaster-prone areas, the community will need to have simple water treatment equipment and 

low maintenance. Therefore, cost-effective and low-maintenance water treatment equipment in 

the long term can serve as the next step in this research. 
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