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Ahstract.%ler 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 lhehab not been equal access W
clean water in Indonesia. Therefore, this research focuses on the area of Tegal Sari Hamlet, Kupang V@e. Jahon
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 Osmaosis (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.
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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 {resh 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 mullion 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].

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
50ld in the market. Thus, the goal 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 a]d, 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 [11].

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 la, b, ¢, 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).

FIGURE 1. Local Material (a) Lumajang Sand, (b) Gravel, (¢) 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 [12]. 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 wi 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 [13]. 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 scati()n 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, beverage, water treatment (water purification), and others [14]. 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 [15].




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 chemical formula Al203.25i02.2H20. Kaolin should have a
very fine particle size distribution (less than 2 pm) and be of high quality especially for applications such as
plastics, paints, paper industry, pharmaceuticals, and cosmetics [16]. 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 [17].

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 [18].

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 [19]. 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 l(mnd reduce TDS from 393
ppm to 27 ppm [20]. In China, similar research has also been carried out, based on the prmati()n 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 [21]

Indicators

Power of Hydrogen (pH), Total Dissolved Solids (TDS), and Electrical Conductivity (EC) are indicators that
will be used as rarenccs 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 acidi@@while the pH is greater than 7 then
the solution is alkaline, and if the neutral solution has a pH of 7 [22]. According to the Regulation of the
Minister of Health of the Republic of Indonesia number 32 of 2017 [23], 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
Wilslﬁn:()l]lilll’lillilled water can cause health problems such as cancer, nerve tissue damage, and heart disease
[24]. 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 /1 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 [25], according
to the World Health Organization (WHO) (2011) [26] which states that the conductivity of drinking water is less
than 300 ys / cm.




METHODOLOGY

This research utilized experimental research method in the Environmental and Hydraulics Engineering
L‘:lb(}l‘ill(}l‘)&i\"il 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 3a). After the required sample water is ready, the local material filter
and RO equipment are prepared to be used (Figure 3b). After the two filters are ready, the tool can be arranged
according to the predetermined design as shown in Figure 3¢ mer the sample water and both filters are ready
for use, the sample water is tested for pH, TDS, and Ec values Figure 3 d).

(c)

FIGURE 3. (a) Brackish Water Sampling, (b) Research Equipment, (¢) 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 4a and Figure 4b, water filtration with
local material is deployed. The experiment was continued by preparing the results of the material filter and
reverse osmosis filter (Figure 4c¢). After the trials have been carried out and have results, the sample results will
be tested (Figure 4d). 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.

(©)
FIGURE 4. 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.

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
| 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 maniell 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/1, and the EC values are between 5790 — 6400
pes/em. After the water treatment was conducted with local material including kaolin, active ceu‘bgrel\-‘cl 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/1 and 5630 ps/cm, respectively.

Meanwhile, it can be seen in Table 3 that the RO tool 'a:elpelble 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 ps/cm.




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

pH TDS EC
Trials Number

Before After Before After Before After
1 8,18 784 2870 2810 5790 5630
2 8,18 117 2870 1389 5790 2770
3 8,18 756 2870 2850 5790 5190
4 8,18 767 2870 2640 5790 5290
5 82 7.7 3200 3030 6400 6060
6 8,1 7.9 3200 3010 6400 6070
7 8,1 79 3200 3050 6400 6110
8 8,1 7.9 3200 3020 6400 6080
9 8,1 79 3200 2970 6400 5970
10 8,1 79 3200 2980 6400 5980

Remarks :

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

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

pH TDS EC
Trials Number

Before After Before After Before After
1 79 84 5260 435 10580 869
2 79 84 5260 434 10580 865
3 79 84 5260 432 10580 864
4 79 84 5260 432 10580 864
5 79 84 5260 432 10580 870
6 79 84 5260 433 10580 867
7 79 84 5260 434 10580 866
8 79 84 5260 434 10580 867
9 79 84 5260 433 10580 867
10 79 84 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 ps/cm (see Figure 7).
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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%.
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