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ABSTRACT 

 
Global clean water crisis is affecting more than 40% population and still 

increasing. As an archipelago state with large coastal area, Indonesia is 

however facing the common issue with the clean water shortage. There are 
still lack of access to clean water and water treatment plant for the community 

in the coastal area to fulfill their daily needs and drinking water as most water 

source is brackish water with higher salinity than fresh water. Hence further 
treatment is required to obtain the clean water and safe for daily consumption. 

The objectives of this research work are to determine suitable local material 

for water treatment and alternatively by using reverse osmosis equipment 
which is expected to reduce salinity of treated water. As methodology used in 

this research, a physical treatment experiment on the brackish water is 

conducted through a selected local filter media and by using reverse osmosis 
equipment with the assistance of internet of thing technology. The research 

work outcomes demonstrate that treated water by filtering has indicated a 

clear physical appearance and odorless but no significant improvement on pH 
and about 3,67% reduction on TDS value and 7.0% on EC value. On the other 

side, the treatment through reverse osmosis method is showing better result 

with significant improvement with 99.5% TDS and EC value which can’t be 
achieved by filtering treatment. 

 

Keywords: Clean Water Crisis; Brackish Water; Local Filter Media; Reverse 
Osmosis; Internet of Things 
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Introduction 
 

Water is one of main basic human needs and clean water demand is constantly 

increasing especially in Indonesia. This is not only for household purpose but 
also to fulfil the other activities such as industrial or production activities 

which requires a significant amount of clean water. As the population and 

demand are increasing while the water cycle according to hydrology is 
relatively constant, it will lead in the future to clean water crisis [1]. According 

to Badan Pusat Statistik Indonesia (Statistics Indonesia), access to eligible 

drinking water source has reached at 90.21% while the target set by 
Sustainable Development Goals (SDG) is 100% accessible eligible drinking 

water source globally in 2030. On the other side, the clean water source 

availability from one to the other area is not at the same level [2].  
Lack of access to clean water is the main issue for the community in the 

rural and coastal area as they depend on the natural water resources such as 

groundwater for their daily needs and drinking water. The groundwater quality 
in this area is degrading from time to time because of ecosystem change and 

the contamination in groundwater itself [3]. Hence it will bring socio-

economic impact to the community such as health issue and cost increasing for 
clean water supply. 

This research work took place in Sidoarjo regency, East Java Indonesia. 

Sidoarjo regency is river delta area and located between the Kalimas and 
Porong river. Sidoarjo area is historically vulnerable to the nature disaster, e.g., 

flooding and typhoon or tornado. Environmental contamination from the local 

industrial area is also contributing to the clean water resources availability for 
the community daily needs in farming and their daily consumption [4]. Hence 

a proper water treatment needs to be developed in this research work to 

overcome the clean water resources availability issue.  
The challenge in this work is that the only available water resource 

sample is brackish water from household wells with high salinity [5]-[8]. High 

salinity pollution is mainly caused by backflow from irrigated areas which 
send high salinity from farming areas in the village to surface waters. The 

water sample is obtained from two villages, Tegal Sari and Tanjung Sari, in 

Jabon District, Sidoarjo Regency. Therefore, clean water is bought and 
supplied periodically by truck to the community to fulfil their daily household 

needs. As brackish water is available abundantly in this area, it has promising 

alternative solution to help the community issue with clean water supply. 
Brackish water treatment method has been developed to overcome the clean 

water supply in some areas in Indonesia to overcome the clean water supply 

issue [9]. The research goal is to provide the brackish water treatment by 
selecting local suitable material to clarify the water, including Lamongan sand, 

brick, which consists of silica sand, sponge, alum, charcoal, active carbon, 

kaolin, and zeolite. 
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The objective of this research work is to find the best combination of 
filtration method by selecting local suitable material and reverse osmosis with 

the help of internet of things to produce clean water from brackish water. It is 

expected that the research results can be used as a reference for the next 
research project improvement and as a solution for the regional government to 

overcome clean water crisis. To measure water quality, some parameters i.e., 

pH (Power of Hydrogen), TDS (Total Dissolved Solids), EC (Electrical 
Conductivity), odour dan colour of the water sample will be tested to compare 

the result before and after treatment. 

 
 

Material and Research Methodology 
 
This research was carried out by experimental research which utilized physical 

method to figure out the best combination from the treatment of brackish water 

in site location. The material is collected from local material, including This. 
sand, pumice, carbon active, kaolin, coconut shell charcoal, red brick, bio ring, 

zeolite, clamshell and 10-micron filter were used in the previous experiment. 

Used material in this experiment are silica sand, alum, active carbon, kaolin, 
charcoal, zeolite, sponge, and 10-micron filter. Mobile technology with 

internet of thing will be applied in this water treatment equipment. This 

equipment is powered by solar cell and water flow can be remotely controlled 
by smartphone. Hence it will be easier for the community to monitor the 

treatment progress. 

 
Material 
Silica sand 
Silica sand, known as quartz sand, is a quartz mineral which has a high content 

of silicon dioxide (SiO2) at approximately 99.7%. It consists hard, durable, 
and dense grains which has high degradation resistance as well. Silica sand is 

commonly used in water filtration system. As silica sand has the capability to 

retain the precipitates or impurities in the water and highly effective filter 
media, it is expected that silica sand can remove the sludge contained in 

brackish water [10]. 

 
Alum 
Alum is chemical compound which is a hydrated aluminium sulphate salt and 

found in the white crystalline form. Potassium alum, known as potash alum, is 
used commonly as flocculant agent in the other water treatment e.g., grey water 

[11]. It can coagulate the water impurities so that the impurities can be 
removed easily. With its characteristic as flocculant agent, it is not only used 

in water treatment, but it is also utilized in another industrial sector, i.e., 

medicine, food preparation, and textile industry. Alum should be added in 
sufficient amount, otherwise the treated water is not safe for consumption. 
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Active carbon 
Active carbon has a high surface area, homogenic pore size, chemical inert, 

and stability as physical property. With the characteristic above, active carbon 

has the capability to remove odour and colour which is caused by the natural 
organic compound material in water by adsorption and improve the water taste 

[12]-[13]. However, active carbon doesn’t have ability to remove both coarse 

and fine impurities in the water. 
 
Sponge 
Sponge is the porous synthetic material which can absorb water and has the 
good aeration capability. It is widely available, simple, and cost effective. 

Sponge is used as basic physical or mechanical filtration and has the function 

to separate the suspended solid particle in water by absorbing it in the pore. 
However, sponge has limited capability to remove the dissolved impurities and 

can be cleaned regularly. The recent studies showed that there are sponge and 

fibre material development as filtration and absorption material for chemical 
compound removal such as ammonia removal from groundwater and oil 

removal [14]-[16]. One of the recent developments of graphene oxide- based 

sponge which is applicable for textile, paint, printing, and food industries to 
remove the impurities such as dye material [17].  

 
Kaolin 
Kaolin or kaolinite is a type of clay material with the chemical formula 

Al2O3.2SiO2.2H2O which is one type of primary clay. It can remove toxic 

pollutant from the water by adsorption. Like active carbon, it has high surface 
area and stability as physical property.  Kaolin is a highly non-plastic adsorbent 

so that the shrinkage and dry strength are the lowest [18]. This filter also has a 

weakness in filtering water, which is not able to hold fine dirt or coarse dirt. 
 
Charcoal 
Shell charcoal is charcoal that comes from coconut shells. The shell is burned 
until it becomes charcoal. As an alternative, charcoal from wood burning can 

also be used. In addition to absorbing chemicals that pollute water, coconut 

shell charcoal in the form of granules can also hold solid objects that pollute 
the water [19]-[20]. Shell charcoal has a weakness in filtering water, it can’t 

make the initially turbid water clear and can’t filter the impurities contained in 

brackish water. In terms of shell charcoal filter maintenance, it takes long time. 
 
Zeolite 
Zeolite is a hydrated alumina-silicate chemical compound with sodium, 
potassium, and barium cations. Zeolite also has molecular-sized pores so that 

it can separate or filter molecules of a certain size. Natural zeolite can naturally 

be formed from volcanic rocks, as well as sedimentary rocks [21]. Zeolites 
have a negative charge due to the presence of aluminum atoms in them. This 
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negative charge causes zeolite to bind cations in water, Fe, Al, Ca, and Mg 
which are generally found in groundwater. By flowing raw water in the zeolite 

filter, the cations will be bound by the zeolite which has a negative charge. In 

this research, zeolite is expected to be able to purify and treat brackish water 
so that it can be better in terms of color, odor, and content. 

 

Reverse osmosis (RO) 
Reverse osmosis is the most effective separation technology which is used in 

some industrial area for water treatment e.g., sea water desalination, brackish 

water treatment and wastewater treatment [22]-[24]. Reverse osmosis is water 
treatment process which is applying water pressure through semi permeable 

membrane to remove dissolved inorganic contaminants from water. These 

dissolved inorganic contaminants are fluoride, chlorine, nitrates, sulphate, 
pesticides, etc. [25]. A pre-treatment process is needed to remove the solid 

impurities so that it will not damage the membrane and shorten the usage time. 

Periodical cleaning for fouling removal on the membrane must be conducted 
between 6-12 months to improve the reverse osmosis performance. 

 
Mobile hanger 
As the combination of filtration material and reverse osmosis is expected to be 

used in remote area with difficult access, these will be assembled in a mobile 

hanger and can be towed by a car or motorcycle with towbar [26]. The 
assembly of the filtration material and reverse osmosis unit has taken place in 

hydrology laboratory at Petra Christian University. The mobile hanger is 

equipped with solar panel for alternative energy source to activate the 
equipment.  

 

 
Research Methodology 
 

Research methodology, which is applied experimental research, including 
literature study, and followed by a case study. Related information and data, 

which are related to brackish water e.g., properties of brackish water, treatment 

method and recent research in brackish water treatment, are collected. This 
will serve as basis for this research. Physical experiment on brackish water 

treatment will be applied in the case study by selecting the suitable local 

material as filter media. This local material will be used in the filtration and 
combined with semi permeable membrane in reverse osmosis equipment.  
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(a)  (b) 

 

           
(c)    (d) 

 
Figure 1: Water treatment equipment. Assembly of filter media into the filter 

module in mobile hanger and water sample collection from the research area 

 
The above selected filter media and its assembly as filter module has 

taken place in the laboratory (Figure 1a). This will be combined with reverse 

osmosis equipment and assembled in the mobile hanger as complete mobile 
treatment unit (Figure 1b). Internet of things [27]-[28] will be applied as well 

in the case study by using a remote control to activate the mobile treatment 

unit (Figure 1c). Data collecting in this research will be started as the mobile 
treatment unit is ready to be operated. Water sample is collected from two 
villages, Tegal Sari and Kupang, in Jabon District, Sidoarjo Regency (Figure 

1d). 
Filter media, which is used in this research, will be prepared 

accordingly in three main phases, cleaning, drying and mechanical preparation 

phase. In the first phase, filter media will be washed to eliminate dirt and other 
contaminant (Figure 2a). Once the filter media is cleaned by washing, it will 

be dried. It takes about 1 or 2 days in the drying phase (Figure 2b). Some filter 

media is needed to be further prepared by screening (Figure 2c) and crushing 
(Figure 2d). 
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(a)                                                      (b)                                

 

           
(b)   (d) 

 

Figure 2: Filter media treatment. Washing, drying, screening, and crushing of 

filter media 
 

Filter media assembly 
Once the filter media is prepared, filter media will be filled into the filter 
module (see Figures 3a and 3d). Filter module with each filter media will be 

assembled in mobile hanger (see Figure 3b).  Brackish water sample will be 

pumped into the filter module. Treated brackish water from the filtration will 
be collected and analysed further for its quality indicator. Water quality 

parameter i.e., pH, TDS, EC, odour, and colour will be observed and measured 

(see Figure 3c).   
Brackish water is flowing through selected filter material, silica sand, 

active carbon, zeolite, sponge, charcoal, alum, kaolin. Based on analysis result, 

collected brackish water sample has the average pH of 7.9, TDS at value 2450 
ppm, EC value at 4920 μs/cm. Besides of these quality parameters, it has also 

odor and turbid in physical form.  

Standard water quality parameter used in this experiment is based on 
WHO guidelines for drinking water quality and Minister of Health Republic 

of Indonesia Regulation (Peraturan Menteri Kesehatan Republik Indonesia / 

PERMENKES) number 492, 2010 which requires that clean water must have 
an average pH between 6.5-8.5, TDS value lower than 500 ppm, EC value 

lower than 300 μs/cm, odourless and colourless as physical criteria [29]-[30]. 

The experiment analysis result from the treated water will be compared with 
the above quality parameters. There are 4 filter modules which will be used in 
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this experiment. Several filtration combinations will be used to obtain the best 
filtration result (see Table 1). 

 

 

Result 
 

TDS and EC are the water quality variable to be considered because it is a 
determining variable in river waters [31].  pH, TDS, EC, will be measured in 

two sections. First section is the parameter measurement after the filtration 

through filter modules without reverse osmosis. The second section will be 
parameter measurement from the treatment result of reverse osmosis. Hence, 

brackish water treatment effectiveness from filtration and a combination of 

both filtration and reverse can be evaluated. 
 

Water quality parameter after filtration  
The comparison in water quality parameter between before and after treatment 
from each filter combination in this experiment can be shown in the below 

figure.  

 

 

        
(a)                                                       (b) 

 

           
                          (c)       (d) 

 
Figure 3: Filter module application. Brackish water sample will be flowed 

into the filter module and measurement of water quality parameter 

 
 



Brackish Water Treatment with Local Filter Media and Reverse Osmosis  

155 

Table 1: Filter module combination 
 

No Filter module 1 Filter module 2 Filter module 3 Filter module 4 

1  Silica sand -  -  -  

2  Alum -  -  -  

3  Kaolin  -  -  -  
4  Active carbon -  -  -  

5  Sponge  -  -  -  

6  Charcoal -  -  -  
7  Zeolite  -  -  -  

8  10-micron filter -  -  -  

9  Alum  Zeolite  Active carbon Silica sand  
10  Alum  Silica sand  Zeolite  Kaolin  

11  Alum  Active carbon  10-micron filter  Silica sand  

12  Silica sand  Zeolite  10-micron filter  Active carbon  
13  Charcoal  Kaolin  Silica sand  Sponge  

14  10-micron filter  Silica sand Active carbon  Kaolin  

15  Charcoal  Kaolin  Zeolite  Active carbon  
16  10-micron filter  Zeolite  Active carbon  Kaolin  

17  Zeolite  Active carbon  10-micron filter Kaolin  

18  Zeolite  Silica sand  10-micron filter  Active carbon  
19  Silica sand Zeolite  Active carbon  10-micron filter  

20  Zeolite  Silica sand 10-micron filter  Charcoal  

21  Silica sand  Zeolite  Active carbon  10-micron filter  
22  Charcoal  Zeolite  Silica sand  10-micron filter  

23  Charcoal  Zeolite  Silica sand  Kaolin  

24  Zeolite  Charcoal  Silica sand  Kaolin  
25  Zeolite  Silica sand  10-micron filter  Sponge  

26  Silica sand  Zeolite  Sponge  10-micron filter 

27  Sponge  Zeolite  Silica sand  10-micron filter  

 
pH  
Brackish water sample from both Tegal Sari and Tanjung Sari village has the 

same average pH value at 7.9. This value complies with Minister of Health 
Regulation for clean water even the value itself is on the high side. The 

filtration result shows that increasing in pH value from 7.9 to 8.3 is shown in 

the experiment number 12 to 15 while there is highest decreasing in pH value 
from 7.9 to 5.2 which is occurred in experiment number 3. pH value 

comparison between before and after filtration from each experiment number 

is shown in Figure 4. 
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Figure 4: pH value comparison, before and after filtration 

 

Total dissolved solid (TDS) 
TDS value from brackish water sample is at 2450 ppm which is much higher 

than the standard value at 500 ppm. In experiment number 13 which its filter 

module consists of charcoal, kaolin, silica sand and sponge, showed that TDS 
value has decreased from 2450 ppm to 2360 ppm. An increasing TDS value is 

shown in experiment number 2, 9, 10 and 11.  Experiment result comparison 

in TDS value can be seen in the Figure 5.  
 

 
 

Figure 5: TDS value comparison, before dan after filtration 
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Electric conductivity (EC) 
Average EC value which is obtained from the water sample is 4920 μs/cm.  

There are also no significant changes in EC value after filtration. The standard 

value of clean water EC should be lesser than 300 μs/cm. The result from 
experiment number 13 with charcoal, kaolin, silica sand and sponge are 

showing decreasing EC value from 4920 μs/cm to 4570 μs/cm. However, this 

result doesn’t comply with the quality standard which requires that the treated 
water should have lesser than 500 μs/cm. Higher EC values are shown in 

experiments 2, 9, 10, and 11, which has the same tendency as TDS value. There 

is a relationship between EC and TDS value; the higher the TDS value, the 
higher the EC value [32].  Experiment result comparison in TDS value can be 

seen in Figure 6. 

 

 
 

Figure 6: EC value comparison, before and after treatment 

 
Water quality parameter after filtration  
As the result from the filtration with selected local material are not effective 

enough, a reverse osmosis equipment is used to treat brackish water sample.  
The reverse osmosis unit is equipped with filter module before it goes into 

reverse osmosis unit. The filter module consists of 10-micron filter, Chlorine 

Taste Odour (CTO) and Granular Active Carbon (GAC). The brackish water 
will be pump from 10-micron filter, CTO and GAC respectively as pre-

treatment.  

In this experiment, brackish water sample will be treated two times with 
reverse osmosis which the first treated water will be treated again for the 

second time. The result in Table 2 shows the first treatment result. Based on 

the result in the Table 2, TDS and EC value contained in the brackish water 
can be removed approximately at 95-98%while there is increasing in pH value 

from 8.0 to 8.2. 

0

2000

4000

6000

8000

10000

12000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

EC
 (

µ
/c

m
)

Experiment Nr.

Before
filtration

After
filtration

Maximum
allowable
value



S. Hermawan et al. 

158 

Table 2: Reverse osmosis first treatment result, before and after 
 

    Time      

 (minutes) 

pH TDS EC 

Before After Before After Before After 

5 8,0 8,2 2770 232 5500 467 

10 8,0 8,2 2770 247 5500 496 

15 8,0 8,2 2770 245 5500 493 
20 8,0 8,2 2770 252 5500 500 

25 8,0 8,2 2770 250 5500 503 

30 8,0 8,2 2770 253 5500 504 
35 8,0 8,2 2770 251 5500 505 

 

The second treatment result is shown in the Table 3 where TDS and EC 

value can be reduced further much lesser than the standard clean water quality 
parameter. pH value shows a little increasing from 8.2 to 8.3 after the second 

treatment which is not significant.  

 
Table 3: Reverse osmosis second treatment result, before and after 

 

Time 

(Minutes) 

pH TDS EC 

Before After Before After Before After 

5 8,2 8,3 303 19 608 39 

10 8,2 8,3 303 12 608 24 
13 8,2 8,3 303 12 608 24 

 

Internet of thing will be applied on this water treatment equipment. 

There are two kinds of internet of thing applied in this experiment, Bardi 
wireless and wireless remote control. Bardi wireless is used to control the 

water flow by mobile smartphone. If there is no mobile phone signal in 

research location and smartphone can’t be used, wireless remote control is an 
alternative to control the water flow (see Figure 7a). These are installed on the 

water treatment equipment unit in mobile hanger which is equipped with 

battery and solar cell panel as its energy source (see Figure 7b). 
Sample from the treated water is sent to independent laboratory, PT 

Sucofindo, Surabaya, Indonesia to verify or validate the obtained experiment 

result. Standard water quality parameter from Minister of Health Republic of 
Indonesia Regulation (Peraturan Menteri Kesehatan Republik Indonesia / 

PERMENKES) Number 492, 2010, will be used as comparison to the 

experiment analysis result.  The laboratory test result is shown Table 4. 
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(a)                                                    (b)                                

 

Figure 7: Internet of Things technology, Bardi wireless and remote-control 

application and solar cell panel assembly 
 

Table 4: Laboratory test result, PT Sucofindo Surabaya 

 

Parameter Unit Result Max value Method 

pH ***) - 7,21 6,5 – 8,5 9222 J #) •) 
Odour - Odourless Odourless SNI 3554:2015 

Item 3.2.1 **) 

Colour (Pt-Co 
Scale) 

< 0,33 15 PO/ENV-AIR/55 

TDS mg/L 21,0 500 2540 C #) 

EC μs/cm 35,2 300 5210 B #) 
Turbidity ***) NTU < 0,4 5 2130 B #) 

Taste - Tasteless Tasteless 2540 H B #) 

Temperature ***) °C 24,1 27 2550-B #) 

Arsenic (As) mg/L < 0,0003 0,01 3114-B #) 

Ammoniac (NH3-N) mg/L < 0,032 1,5 4500 NH3 F #) 
Aluminium (Al) mg/L < 0,003 0,2 3120-B #) 

Iron (Fe) mg/L 0,007 0,3 3120-B #) 

Chloride (Cl) mg/L 6,9 250 4500 Cl-B #) 
Total hardness mg/L < 3,0 500 2340-C #) 

Chlorine (Cl2) ***) mg/L < 0,02 5 4500 Cl2 G #) 

Chromium (Cr) mg/L < 0,003 0,05 3120-B #) 
Cadmium (Cd) mg/L < 0,002 0,003 3120-B #) 

Mangan (Mn) mg/L 0,012 0,4 3120-B #) 

Nitrate (NO3-N) mg/L < 0,15 50 4500 NO3 B #) 
Nitrite (NO2-N) mg/L < 0,003 3 4500 NO2 B #) 

Selenium (Se) mg/L < 0,0003 0,01 3114 B #) 

Fluoride (F) mg/L 0,23 1,5 4500 F D #) 
Cyanide (CN) mg/L < 0,03 0,07 4500 CN E #) 

Sulphate (SO4) mg/L 0,66 250 4500 SO4²¯ B #) 

Copper (Cu) mg/L < 0,003 2 3120-B #) 
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Conclusion 
 
The best result from the selected local filter material is the combination of 

charcoal, kaolin, silica sand and sponge (experiment number 13). This 
combination can increase the pH value from 7.9 to 8.1 and decreasing the TDS 

value from 2450 ppm to 2360 ppm. EC value is decreasing from 4920 μs/cm 

to 4570 μs/cm. Physical standard quality can be achieved as odour, colour and 
turbidity are able to be removed with this filtration.  

From the experiment with reverse osmosis equipment, it can increase 

the pH value about 3.75% from 8.0 to 8.3, decrease TDS value about 99.5 % 
from 2270 ppm to 12 ppm as well as EC value about 99.5% from 5500 μs/cm 

to 24 μs/cm. Hence most of the water contaminant can be removed and comply 

with the standard water quality parameter. 
Based on both experiment result from the selected local filter material 

and reverse osmosis, reverse osmosis has the best result. Reverse osmosis 

equipment is proven to provide compliance to the water quality parameter of 
Minister of Health Republic of Indonesia Regulation (Peraturan Menteri 

Kesehatan Republik Indonesia / PERMENKES) number 492, 2010 and WHO 

guidelines for drinking water. TDS and EC value from local filter material are 
exceeding the standard value and can’t comply with the required standard 

quality. However, the water filtration result from filter material is suitable for 
the daily household usage as odour, colour and turbidity can be removed.  

There are some advantages and disadvantages factor which should be 

considered in this research work. Combination of local filter material as an 

applied water treatment equipment especially in a remote area is proven as 
cost-effective equipment. It can help the local community to treat the water 

source into a better-quality standard water and suitable for household usage, 

not for drinking water. In term of maintenance, it is easy to maintain and clean 
the filter regularly. On the other side, reverse osmosis has the capability to 

remove almost all contaminants and useful minerals in water and provide 

drinking water quality. In term of maintenance, a specific instruction for 
maintaining semi permeable membrane must be provided and training is 

needed. Membrane replacement will involve huge cost for the community. 

Therefore, water treatment purpose should be determined at the first stage 
according to the daily needs in the community. Hence, a suitable water 

treatment equipment can be designed, which is cost efficient and simple to 

maintain in the future. A combination of both filtration and reverse osmosis is 
possible.  

An application of internet of things on water treatment equipment, 

Bardi wireless and remote control with solar cell panel as energy source, is 
very helpful for the community in remote area where there is no electricity 

source and mobile phone signal. It can help the community to activate water 

treatment equipment to get the clean water.  
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