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Abstract. Water is an important resource in human life. The Indonesian Central Bureau of Statistics in 2020 noted that it 

has access to clean water up to 90.21%. However, these data show that there has not been equal access to clean water in 

Indonesia. Therefore, this research focuses on the area of Tegal Sari Hamlet, Kupang Village, Jabon District, Sidoarjo 

Regency, East Java Province, where the area has problems with brackish well water. The purpose of this underway research 

is to find a comparison that occurs in brackish water treatment when using a filter made of local material with a Reverse 

Osmosis (RO) device from the market. This research used an experimental method, to determine the effect of treatment on 

the test object. The treatment that is carried out is by flowing water through the filter from local material / RO to make the 

water meet the existing standards of pH, TDS, and EC. The outcomes demonstrate that the comparison using local materials 

and RO according to pH, meet the requirement. Then, concerning TDS and EC measurements is reducing 51.5% and  

91.9%, as well as a decrease of 52.16% and 91.3%. respectively. This research is still underway condition, the appropriate 

local material and suitable method are key for successful research in the future. Thus it can be suggested that in carrying 

out brackish water treatment can be used an RO device instead of using a local material filter considering the results 

obtained. 

INTRODUCTION 

Humans always use water in almost every activity, this causes water to be an important resource in human life. 

Water can be categorized into 2, namely fresh water and saltwater (seawater) which is the largest part of this earth. 

Seawater has a salinity level of 35 grams/liter. Brackish water has a salinity between 0.5 ppt to 17 ppt, while freshwater 

is water with a salt content below 0.5 ppt [1]. In 2012 as many as 748 million people worldwide did not have access 

to drinking water which resulted in 1.7 million deaths each year due to lack of safe drinking water [2-8]. 

In 2020 according to [3], Indonesia has reached 90.21% access to clean water. One of the reasons why Indonesia 

has not reached 100% access to clean water is because Indonesia has many coastal areas whose water is affected by 

seawater. This results in high salinity in coastal areas where water with high salinity can damage health, if drunk, 

causing crop failure when used in farming, causing damage to equipment or buildings made of metallic elements [4]. 

To deal with this problem, an experiment was started to compare a water treatment filter that utilizes local materials 

that are easy to obtain and inexpensive with a Reverse Osmosis (RO) filter which is sold in the market. Thus, the goal 
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of this underway research is to find a comparison that occurs in brackish water treatment when using a filter made of 

local material with a Reverse Osmosis (RO) device from the market. 

The local materials used are sand, gravel, activated carbon, and kaolin. This underway integrated research is 

located in the area of Tegal Sari Hamlet, Kupang Village, Jabon District, Sidoarjo Regency, East Java Province 

[5,6,7,8,9,10]. Sidoarjo Regency itself is one of the areas which is considered prone to experiencing natural disasters 

such as floods and tornadoes. The failure of the mudflow technology in the Sidoarjo area is believed to have worsened 

the situation there. Apart from natural disasters Sidoarjo also experiences problems from the industrial waste sector 

which can cause environmental pollution as well as problems with shortages of clean water for daily life such as 

farming. 

Material and Method 

Local Material Filter 

The local filter materials used are sand, gravel, activated carbon, and kaolin, which are expected to be able to 

process brackish water for everyday human life using. As can be seen in Figures 1a, b, c, and d local materials were 

taken from various cities such as sand from Lumajang City (130 km from research location), Kaolin from Trenggalek 

City (200 km). 

   
                          (a)                                             (b)    (c)                 (d) 

FIGURE 1. Local Material (a) Lumajang Sand, (b) Gravel, (c) Activated Charcoal & (d) Kaolin 

Sand 

In the water filter, this research used Lumajang sand or also known as concrete sand. This sand has a characteristic 

dark gray to blackish color. Besides that, Lumajang sand also has another characteristic, namely that the sand will not 

clump when held. The reason why the sand fineness is so that when it is held, the sand will scatter again. The function 

of the sand in this water purification filter is to hold silt and fine impurities. The types of sediment and dirt that are 

filtered will also vary. Therefore, when conducting trials, an analysis must be carried out on the type of dirt present so 

that it can adjust the level of fineness of the sand you want to use. Given that the finer the dirt you want to filter, the 

finer the sand is needed to keep the dirt from passing. 

Gravel 

The gravel is a small stone and also smaller than the crust. Gravel has a physical character with a smooth texture 

and a round shape. The function of gravel in the water filter is as a filter for coarse dirt and as a gap so that water can 

flow through the pipe under the filter. In terms of the size of the pollutant filtered by gravel, it cannot filter as fine as 

sand, but if you only use sand, the speed of water flowing will be very slow. Apart from the problem of the speed of 

water flowing, and was also easily carried away by water so that the gravel can become resistant. Then, the sand was 

not carried away by the flow of water. The disadvantage of this gravel filter is that it cannot filter out too fine pollutants. 

Activated Carbon 

Activated carbon is the result of a process of mediating charcoal so that it has a high absorption capacity for 

materials in the form of a solution or vapor. Activated carbon can also come from other sources of material, coral reefs 

are one example. Activated carbon can be used for various industries, including the pharmaceutical industry, food, 
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beverage, water treatment (water purification), and others. The function of activated carbon in this water purification 

filter is to remove / filter odors, colors, pollutants in water, as protection and exchange of resin in equipment or water 

distillation. 

Kaolin 

Kaolin is a mineral from clay and sand which is physically clean white and yellowish, soft, fine-grained. The 

largest component of kaolin is kaolinite with the chemical formula Al2O3.2SiO2.2H2O. Kaolin should have a very 

fine particle size distribution (less than 2 μm) and be of high quality especially for applications such as plastics, paints, 

paper industry, pharmaceuticals, and cosmetics. The function of kaolin in this water purification filter is as an 

adsorbent that absorbs unwanted ions and minerals in the water, besides that the use of kaolin can also be used to get 

fine grains, high levels of whiteness, certain water content, certain pH, and properties.  

Reverse Osmosis 

The tool used in the research of the brackish water treatment process is one of the most widely used membrane 

technologies, namely, Reverse Osmosis (RO). As can be seen, Figure 2b, the Reverse Osmosis membrane is defined 

as a semipermeable membrane capable of separating freshwater from a salt solution with a pressure higher than the 

osmotic pressure of a salt solution. Brackish water treatment with a reverse osmosis system consists of two parts, 

namely the pretreatment unit and the advanced treatment unit, the reverse osmosis unit. In the RO membrane, there is 

a molecular size filtering process, where particles whose molecules are larger than water molecules, such as salt 

molecules and others, will separate and will enter the wastewater.  

The working principle of an RO device is to produce viable water. use of brackish water is by pushing the pure 

water that is present in brackish water to fresh water through a semi-permeable membrane. The RO tool is said to also 

be able to manage seawater to meet clean water quality standards following the Minister of Health's Regulation on 

clean water quality standards. Able to reduce pH from 8 to 7 and reduce TDS from 393 ppm to 27 ppm. In China, 

similar research has also been carried out, based on the preparation of an RO device for brackish water and selecting 

the right RO membrane, the RO system can be used for brackish water. The RO system for brackish water is above 

the better method considering price or quality [11].  

Indicators 

Power of Hydrogen (pH), Total Dissolved Solids (TDS), and Electrical Conductivity (EC) are indicators that will 

be used as references in this research. The first indicator is pH, pH is an indicator that shows the level of acid or base 

of a solution. If the pH is less than 7 then the solution is acidic, while the pH is greater than 7 then the solution is 

alkaline, and if the neutral solution has a pH of 7. According to the Regulation of the Minister of Health of the Republic 

of Indonesia number 32 of 2017, the pH limit for drinking water is between 6.5 to 8.5.  

The second indicator is Total Dissolved Solids (TDS) which are commonly referred to as solids that have a smaller 

size than suspended solids. High TDS levels can provide a warning that the water is contaminated by waste. 

Contaminated water can cause health problems such as cancer, nerve tissue damage, and heart disease [12-15]. 

According to the Regulation of the Minister of Health of the Republic of Indonesia number 32 of 2017 states that the 

TDS contained in drinking water is less than 1000 mg / l or 1000 ppm. The last indicator is Electrical Conductivity 

(EC) which is an indicator of the ability of a solution to conduct electric current. If water has a conductivity value that 

is too high, water can settle in the body and damage kidney stones, according to the World Health Organization (WHO) 

(2017) [16] which states that the conductivity of drinking water is less than 300 µs / cm. 

METHODOLOGY 

This research utilized experimental research method in the Environmental and Hydraulics Engineering Laboratory 

Civil Engineering Department Petra Christian University. The research began with sampling in Tegal Sari hamlet, 

Kupang village, Jabon sub-district, Sidoarjo regency, East Java province. Water is taken from one of the residents' 

houses there (Figure 2a). After the required sample water is ready, the local material filter and RO equipment are 

prepared to be used (Figure 2b). After the two filters are ready, the tool can be arranged according to the predetermined 
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design as shown in Figure 2c. After the sample water and both filters are ready for use, the sample water is tested for 

pH, TDS, and Ec values Figure 2d).    

 
(a) (b) 

 
(c)  (d) 

 
FIGURE 2. (a) Brackish Water Sampling, (b) Research Equipment, (c) Preparation of Tools & (d) Testing of Water Samples 

 

After the sample test results are known, the sample can be tested according to the local material filter procedure 

and the Reverse Osmosis (RO) tool. As can be seen in Figure 3a and Figure 3b, water filtration with local material is 

deployed. The experiment was continued by preparing the results of the material filter and reverse osmosis filter 

(Figure 3c). After the trials have been carried out and have results, the sample results will be tested (Figure 3d). The 

examination is carried out to find out whether the results are following the predetermined standards or not. If the test 

results are not following the standard, the experiment will be repeated with a different number of independent variables 

and if it is according to the standard, the research is complete.  

  
(a) 

 
(b) 

 
(c) 

 
(d) 

FIGURE 3. The Instruments of the Water Filter from (a) Local Material and (b) Reverse Osmosis 

 

The local material used in each experiment is always different, by looking for the best results, 10 of the best 

experiments were selected from the 34 experiments conducted (Table 1). There was a combination of the local material 

including kaolin, active carbon, gravel sand gravel along with an aquarium which contained gravel: sand: gravel with 

comparison 1:3:1. 
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TABLE 1. The Best Composition of the 10 Local Material Experiment 

Trials Number Materials 

1 KAO KA KPK         

2 KAO KA KPK       AQ 

3 KAO KAO KA         

4 KAO KAO KA       AQ 

5 KA KA KPK         

6 KA KPK KA         

7 KPK KA KA         

8 KPK KPK KA         

9 KA KA KA         

10 KA KA KA KA KA KA   

Remarks : 

KAO  = Kaolin   KA= Active Carbon KPK= Gravel Sand Gravel  

FILTER  = Filter 10 mikron     

AQ  = Aquarium which contained gravel: sand: gravel  with comparison 1:3:1 

RESULTS AND DISCUSSION 

This study examined three indicators, namely: pH, TDS, and EC from each experiment (see Table 2). The data 

that has been obtained will be examined how significant the material used for the brackish water sample is. As well 

as comparing the results of this study meet the standards of the Regulation of the Minister of Health of the Republic 

of Indonesia and WHO or do not meet.  

The properties of brackish water at the research location vary for three indicators. The pH ranges between 8,1 to 

8,18, along with the TDS in the range of 2870 – 3200 mg/l, and the EC values are between 5790 – 6400 µs/cm. After 

the water treatment was conducted with local material including kaolin, active carbon, gravel sand gravel along with 

an aquarium which contained gravel: sand: gravel with comparison 1:3:1. It can be seen in Table 1 that the results of 

local material filter processing have not produced anything significant including TDS and EC. At trial, number 1, the 

water treatment utilized kaolin, active carbon, gravel-sand-gravel, the result of the water treatment show that the TDS 

and the EC are 2810 mg/l and 5630 µs/cm, respectively.  

TABLE 2. The Measurement of  the pH, EC dan TDS Before and After Treatment Using Local Material 

Trials Number 
pH TDS EC 

Before After Before After Before After 

1 8,18 7,84 2870 2810 5790 5630 

2 8,18 7,77 2870 1389 5790 2770 

3 8,18 7,56 2870 2850 5790 5190 

4 8,18 7,67 2870 2640 5790 5290 

5 8,2 7,7 3200 3030 6400 6060 

6 8,1 7,9 3200 3010 6400 6070 

7 8,1 7,9 3200 3050 6400 6110 

8 8,1 7,9 3200 3020 6400 6080 

9 8,1 7,9 3200 2970 6400 5970 

10 8,1 7,9 3200 2980 6400 5980 

 

Remarks :  

pH = Power of hydrogen  

TDS = Total Dissolved Solids  

EC = Electrical Conductivity 
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Meanwhile, it can be seen in Table 3 that the RO tool is capable of treating brackish water so that the pH and TDS 

can meet the existing standards from WHO along with the Regulation of the Minister of Health of the Republic of 

Indonesia number 32 of 2017. Unfortunately, the EC has not met the standard because, from 10 trials, the EC is still 

in the range of 864 – 870 µs/cm.  

TABLE 3. The Measurement of  the pH, EC dan TDS Before and After Treatment Using Reverse Osmosis 

Trials Number 
pH TDS EC 

Before After Before After Before After 

1 7,9 8,4 5260 435 10580 869 

2 7,9 8,4 5260 434 10580 865 

3 7,9 8,4 5260 432 10580 864 

4 7,9 8,4 5260 432 10580 864 

5 7,9 8,4 5260 432 10580 870 

6 7,9 8,4 5260 433 10580 867 

7 7,9 8,4 5260 434 10580 866 

8 7,9 8,4 5260 434 10580 867 

9 7,9 8,4 5260 433 10580 867 

10 7,9 8,4 5260 433 10580 867 

Remarks: 

pH = Power of hydrogen; TDS = Total Dissolved Solids; EC = Electrical Conductivity 

 

The improvement of pH, TDS, and EC which occurred during the research can be seen in Figure 5 for pH. Figure 

6 for TDS, and Figure 7 for EC. The selected data including the 10 best results that can be produced by both local 

material filters and the Reverse Osmosis device. As can be seen in Figure 5, after the brackish water treatment was 

carried out by using both local material and RO demonstrate that all the criteria values meet the standard. However, 

for the TDS criteria only water with RO treatment meets the standard (see Figure 6). Then, regarding the EC, no water 

treatments can fit with the standard of 400 µs/cm (see Figure 7).     

 

 

Figure 4. The Measurement of the pH 
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Figure 5. The Measurement of the TDS 

 

Figure 6. The Measurement of the EC 

CONCLUSION 

From the results of the research that has been done, it can be concluded that: 

1)  RO equipment can produce processing that meets more standards when compared to local material filters. Where 

the best results from the RO tool are a pH of 8.4, a TDS of 432 ppm, and an EC of 864 ms/cm. While the best 

results from local material filters are a pH of 7.5, a TDS of 1389 ppm, and an EC of 2770 ms/cm. 

2)  The biggest change that occurred in the RO device was an increase in pH of 6.35%, a decrease in TDS of 91.9%, 

and a decrease in EC of 91.83%. Meanwhile, the local material filter experienced a decrease in pH of 7%, a 

decrease in TDS of 51.5%, and a decrease in EC of 52.16%. 

ACKNOWLEDGEMENTS 

The authors would like to express appreciation for the support of the sponsors of the Directorate General of Higher 

Education Indonesia project number: 002/AMD-SP2H/LT-MULTI-TERAPAN/LL7/2021. 

REFERENCES 

1.   D. L Nielsen, M. A. Brock, G. N. Rees, D.S. Baldwin, Effects of increasing salinity on freshwater ecosystems in 

Australia, Australian Journal of Botany, (2003), 51, 655–665 

2.  R. Chakraborty, K. M. Khan, D. T. Dibaba, M.A. Khan, A. Ahmed, M. Z. Islam,  Health Implications of Drinking 

Water Salinity in Coastal Areas of Bangladesh, Int J Environ Res Public Health. (2019) Oct; 16(19): 3746.  

030002-7

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0118445/17923248/030002_1_5.0118445.pdf

https://doi.org/10.1071/BT02115
https://doi.org/10.3390/ijerph16193746


3. M.A.Hoque, P.F. Scheelbeek, P.Vineis, A.E. Khan, K.M. Ahmed, A.P. Butler, Drinking water vulnerability to 

climate change and alternatives for adaptation in coastal South and South East Asia. Clim. Chang. (2016),136, 

247–263.  

4.   R. Venkatesha, Portable Water Purifiers, Seminar report, Centre for Technology Alternatives for Rural Areas 

(CTARA) Indian Institute of Technology Bombay, Mumbai, India (2014). 

5. Food and Agriculture Organization of the United Nations Rome, More people, more food, worse water? A Global 

Review of Water Pollution from Agriculture, (2018). 

6. N Osseiran, UNICEF, WHO, 1 in 3 people globally do not have access to safe drinking water, New report on 

inequalities in access to water, sanitation and hygiene also reveals more than half of the world does not have access 

to safe sanitation services, https://www.who.int/news/item/18-06-2019-1-in-3-people-globally-do-not-have-

access-to-safe-drinking-water-unicef-who. (2019). 

7. Cooper, C. & Moore, M. Freshwater management. in wetlands and agriculture. Washington DC, Island Press. 

(also available at http://www.usmarc.usda.gov/SP2UserFiles/person/3938/Ch10 (221-236).pdf) (2002). 

8. Cañedo-Argüelles, M., Kefford, B.J., Piscart, C., Prat, N., Schäfer, R.B. & Schulz, C.J. Salinisation of rivers: an 

urgent ecological issue. Environmental pollution, 173:157-167 (2013). 

9. Herbert, E.R., Boon, P., Burgin, A.J., Neubauer, S.C., Franklin, R.B., Ardón, M., Hoppensperger, K.N., Lamers, 

L.P.M. & Gell, P. A global perspective on wetland salinization: ecological consequences of a growing threat to 

freshwater wetlands. Ecosphere, 6(10):1-43 (2015). 

10. Herczeg, A.L., Dogramaci, S.S. & Leaney, F.W.J. Origin of dissolved salts in a large, semi-arid groundwater 

system: Murray Basin, Australia. Marine and Freshwater Research, (2001) 52(1):41-52. 

11. P. Zhang,P, J. Hu, W. Li, and H. Qi, Research Progress Of Brackish Water Desalination By Reverse Osmosis. 

Journal of Water Resource and Protection, (2013) 5, pp. 304-309.  

12. UNEP (United Nations Environment Programme). A snapshot of the world’s water quality: towards a global 

assessment. Nairobi (2016). 

13. Scherman, P.A., Muller, W.J. & Palmer, C.G. Links between ecotoxicology, biomonitoring and water chemistry 

in the integration of water quality into environmental flow assessments. River Research and Applications, 19(5-

6):483-493 (2003). 

14. New South Wales Government. Dryland salinity: the basics. [Cited 6 July 2016]. 

http://www.environment.nsw.gov.au/resources/salinity/Book1DrylandSalinity.pdf (2016). 

15. Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R.J., Drechsel,P. & Noble, A.D. Economics 

of salt-induced land degradation and restoration. (Natural Resources Forum, 38:282–295 (2014). 

16. World Health Organization (WHO) Guidelines for drinking-water quality, 4th edn Geneva, Switzerland: World 

Health Organization (2017). 
 

 

 

 

 

 

 

    

030002-8

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0118445/17923248/030002_1_5.0118445.pdf

https://www.who.int/news/item/18-06-2019-1-in-3-people-globally-do-not-have-access-to-safe-drinking-water-unicef-who
https://www.who.int/news/item/18-06-2019-1-in-3-people-globally-do-not-have-access-to-safe-drinking-water-unicef-who
http://www.environment.nsw.gov.au/resources/salinity/Book1DrylandSalinity.pdf
https://doi.org/10.1007/s10584-016-1617-1
https://doi.org/10.1016/j.envpol.2012.10.011
https://doi.org/10.1890/ES14-00534.1
https://doi.org/10.1071/MF00040
https://doi.org/10.1002/rra.751

