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Abstract. The need of clean water will continue to increase along with the increase of
population. However, not all regions in Indonesia have a potential for raw water sources that
meet standards to be treated into clean/drinking water, so an alternative water treatment needs to
be developed. Peat water is one of water sources that is often found in lowland swamps or in
tidal conditions which is much located in Sumatera and Kalimantan. Peat water requires an
appropriate technology to be able to treat water into clean water. Peat water treatment using
ozone plasma technology is one of technological breakthroughs that can treat peat water into
clean water effectively and economically. Peat water used for this study is taken from Sintang,
West Kalimantan. Tested Parameters of water quality will be compared with the Regulation of
Minister of Health No. 416 Year of 1990. In this study, four parameters in raw water are carried
out to be tested after treating with variations in length of contact time of 10, 12, and 15 minutes.
Water quality parameters to be tested are turbidity, color, coliform, and permanganate with final
quality of treating for each parameter are 5.8 NTU, 1.1 Pt-Co, below 2 MPN/100 mL, and 11.8
mg/L. There is significant decrease in a value of four parameters, which three parameters
meeting the maximum limit. Permanganate as parameter that exceed the maximum limit, have
high probability of meeting this limit if contact time of treating peat water with ozone plasma is
extended.

1. Introduction

Peat water in Indonesia is one of relatively abundant water resources. Results of the study of Geological
Resource Center of Ministry of Energy and Mineral Resources report that until 2006 peat land resources
in Indonesia covered a total of 26 million ha spread across Kalimantan (50%) and Sumatera (40%),
while the rest were spread across Papua and other islands. Peat water has great potential to be treated
into clean water, even with the advanced technology can be treated into drinking water. Peat water
contains dissolved organic compounds that cause water to become brown and acidic, so it needs special
treating before it can be consumed. Advanced technology is needed so that the purpose to utilize the
peat water is optimal. Clean water treatment using disinfectants, filtering with membranes, ultra violet,
and activated carbon does not guarantee that the water produced has a quality that is in accordance with
the quality standards. This is evidenced by the results of some researches that microorganisms still exist
in drinking water, especially in water produced in refill drinking water depots [1]. Currently, water
treatment technology is actively being developed by oxidizing and decomposing organic pollutants in
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water quickly, effectively and efficiently by using ozone (Os). Ozone is known as one of the strongest
oxidizers that can be produced in two ways: Electrical Discharge, Plasma Corona Discharge which is
known as Ozone Plasma. Electrical Discharge is the formation of O3 oxidizers through the O, ionization
process using alternating electric current high voltage in the air [2]. Whereas, Plasma Corona Discharge
is the formation of Os through the O- ionization process by using relatively high voltage electricity using
low currents that are emitted transversely between plasma cells so that the production costs are relatively
lower or cheaper to be applied in water treatment.

Ozone plasma in water can produce various kinds of active ion species that have the potential to
decompose the content of organic compounds in water. In addition, plasma can also produce UV light
and shock waves that have the potential to significantly decompose organic compounds in water [1].
Drinking water treatment with an ozone plasma system can replace the use of chlorine and activated
carbon which has the function of killing microorganisms, and also at the same time can decompose the
content of organic compounds. One development and application of ozone plasma technology for water
treatment is to use ozone (Os). In purifying water, ozone and hydroxide radicals formed in the ozone
plasma system function as cleaning agents, strong oxidizers, disinfection sterilizers, deodorizers, self-
purification, and even color decomposers. By looking at the ozone plasma working system and the
characteristics of 0zone, this study conducted an in-depth analysis to find out the benefits of using ozone
plasma to treat peat water into clean/drinking water, especially in peat areas. This regarding that the use
of ozone plasma technology has not implemented in the treatment of peat water, whereas in Indonesia
there are many areas experiences clean water crisis, especially in areas that have raw water in the form
of peat water.

2. Methodology

2.1. Research Method

This study uses independent variables and dependent variables. The independent variables are peat water
sample originating from Sintang, West Kalimantan, and the length of time of contact (t:) between water
in ozone plasma unit. The dependent variables are the value of coliform, turbidity, color, and
permanganate. The equipment used in this study is water purification unit with ozone plasma
technology. This technology has been widely marketed and is commonly applied for treating clean
water. With a series of experiments in the various of t, it will be known the effectiveness of the
technology in treating the raw water (peat water) into drinking water.

2.2. Contact Mechanism and Ozone Plasma Reaction

Ozone plasma contact mechanism in treating raw water (peat water) is based on the chemical-physical
operation process which leads to the formation of OH- when the plasma unit is in contact with water
(H20). Plasma units with a relatively high supply of electricity in water will produce ion particle charged
with ultrasound energy that are resistant to UV and even shock waves, thus encouraging the formation
of OH-ions in solution [3]. In addition, the chemistry of plasma driven in the gas phase produces reactive
oxygen and hydrogen peroxide which are not only radical, but also ozone, which will be needed to break
down covalent gas so that it can produce plasma electrons. During the radical gas phase, there will be a
diffusion process and changes in Henry's constant. Plasma also interacts with water which directly
produces reactive ion species at the interface layer.

Interaction between ozone plasma and liquid will be able to provide an addition of oxidizers which
will affect the oxidation level which is relatively much better than conventional methods, including: (1)
consumables are not needed, because ozone plasma can be produced from ordinary air or the liquid
itself, (2) the level of decomposition of organic compounds is relatively more effective, (3) because
consumables are not needed, the costs and infrastructure normally used for consumables can be removed
or substituted for the costs of overcoming other obstacles that may be encountered in water treatment,
(4) ozone plasma application is inherently modular and can also be used as a final stage in water
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treatment system that is no different from conventional UV stages for disinfection systems. The use of
ozone plasma also allows for the elimination of micro contaminants.

In this ozone plasma system, peat water will be exposed directly with the concentration of Os;
produced through a plasma non-contact tube. By using this system, peat water is treated effectively and
efficiently to produce clean water that is suitable for consumption. The mechanism for purifying water
with an ozone plasma system begins by injecting oxygen into an area that has a high voltage. O3 will be
produced when passing through the corona plasma unit. When O3 in the water content passes through a
charged tube, radical hydroxide, an oxidizing compound, such as hydrogen peroxide is also produced in
the presence of internal high stresses. With this mechanism there will be more production of effective
hydroxide radicals. The oxidation ability possessed by O3z and hydroxide radicals (OH") will be able to
destroy germs and decompose materials that cannot be degraded by conventional means. The ozone and
hydroxide radicals that have been used will then break down into H,O and O, forms which will then be
released as treated water which has high dissolved oxygen and clarity that meet clean water standard.

In this study, an experimental treatment of peat water is conducted by varying the tc, which is 10
minutes, 12 minutes, and 15 minutes. Time variations are made to determine the estimated effective
time required by ozone plasma technology to reduce the parameters of coliform, turbidity, color, and
permanganate which are the dominant parameters in peat water in general.

3. Results

In this study, tests are carried out on four water quality parameters, which are coliform, turbidity, color,
and permanganate. Coliforms in water need to be checked because even though they are not dangerous
to humans, coliforms are a good indicator of the presence of pathogenic microorganisms in water.
Pathogenic microorganism is a variety of bacteria, parasites, and viruses that have the potential to
endanger human health [4]. The presence of coliforms in water samples will be greatly considered
because it can indicate the effectiveness of the disinfection process. Chlorine as a disinfectant in the
treating of peat water cannot be used because in the chlorine disinfecting process, trihalomethane
(THM) dangerous compounds will be formed which can be carcinogenic which are triggered by the
higher solubility of metals in water because the pH of water is lower [5]. For peat swampy water, it is
normal that pH and DO are generally low [6].

The treated water from ozone plasma treatment will be compared with the quality standard stated in
the Regulation of The Minister of Health No. 416 Year of 1990 about Water Quality Requirements and
Supervision. In testing the parameter of coliform, the raw water has a value of 13 MPN/100 mL, where
the allowable limit is 10 MPN/100 mL. After 10 minutes of treating with ozone plasma technology, the
coliform level is below 2 MPN/100 mL. By looking at the effectiveness of the ozone plasma technology
on water purification, it can be seen that the disinfection process in the ozone plasma works very well.

Turbidity in water can be defined as a decrease in the transparency of a solution because of the
presence of suspended or dissolved materials that can cause light to be dispersed, reflected and not
transmitted straight. The higher the level of turbidity of water, the more light will be dispersed [7].
Turbidity in water is also caused by colloidal particles, and suspended particles, such as clay, silt soils,
fine grains which are divided into organic and inorganic materials, plankton and microscopic organisms.
Iron bacteria can also be a source of turbidity. The turbidity also acts as an important indicator for
organic pollution, the run-off of suspended material and heavy rain fall in the area [8]. Turbidity removal
can be done by giving a coagulant, which is then processed through coagulation and flocculation. In this
study, the process is not carried out by given the magnitude of the ability of hydroxide radicals to
decompose non-degraded material. This can be seen from the results of experiments that showed a
decrease in turbidity level from the previous 50.15 NTU in raw water to 34.6 NTU in water treated with
tc 10 minutes, 12.6 NTU with t. 12 minutes, and 5.84 NTU with tc 15 minutes. When compared with the
quality standard (25 NTU), it can be seen that purification of water with ozone plasma technology can
meet quality standards while being able to cut the use of chemicals as a coagulant which commonly
used in the water treatment process.
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Natural colors in water occur because of the presence of complex organic molecules that are
contained from humus substances such as leaves. The color in the water can also increase concentrated
if there is the presence of suspended substances. Color on water usually affects aesthetics compared to
health problems [4]. The water in peat swamp is almost black in color. The main reason is the presence
of an organic material from peat decomposition [9]. Peat water has a very high color intensity, namely
brownish red color, which is caused by a high content of organic matter dissolved mainly in the form of
humus acid and its derivatives. Humus acid, derived from the decomposition of organic matter, such as
leaves, trees, or wood with various levels of decomposition. In some cases, the color will be higher due
to the presence of iron metal which is bound by organic acids dissolved in the water. Technique of color
removal can be done in various ways, including: Coagulation-flocculation-sedimentation-filtration,
oxidation-reduction, activated carbon, or adsorption-absorption. The technique of color removal
basically requires additional media or chemicals that will have a significant effect on the cost of water
treatment. In this research, no additional media or chemicals are used at all, only by maximizing the
processes that occur in ozone plasma system, where O; and OH- dissolved in water will function to
remove color. The color content of the raw water of peat water shows value of 7.8 Pt-Co with maximum
limit according to the Regulation of The Minister of Health No. 416 Year of 1990 is 50 Pt-Co. With tc
10minute, treating the water with ozone plasma unit achieves 3.5 Pt-Co and if t;is increased to 15
minutes, the color level of treated water reaches 1.1 Pt-Co. This shows that treating peat water using
ozone plasma has been proven to reduce the color level in the water.

Permanganate number is used to measure the high content of organic matter in water. Permanganate
value is the amount of milligram of potassium permanganate needed to oxidize organic matter in 1000
mL of water in boiling conditions [10]. Excessive organic matter in drinking water is not permitted
because in addition to causing unwanted colors, smells and tastes, it may also be toxic both directly and
after compounding with other existing substances [11]. Permanganate number is closely related to the
value of COD (Chemical Oxygen Demand), BOD (Biochemical Oxygen Demand), and DO (Dissolved
Oxygen). The relationship between BOD and COD values with permanganate numbers are the three
parameters which together indicate the number of organic (and non-organic) compounds dissolved in
the waters. Thus, the higher the permanganate number, the higher the COD value and the BOD value.
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Figure 1. Results of Peat Water Treatment with Ozone Plasma Technology
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The more complex water treatment system is needed if the BOD and COD content is high. The
permanganate number in the peat water is 122.3 mg/L with allowable limit is 10 mg/L. In this study, it
is found that after 10 minutes of treating, the permanganate number can be reduced to 26.3 mg/L. By
using tc 12 minutes, the permanganate number can be reduced to 22.8 mg/L. By extending tc 3 minutes
which is for total of 15 minutes of treating, the final value of permanganate number drops by almost
half, reaching 11.8 mg/L. By looking at the results of this experiment, the treating experiments with t¢
15 minutes are able to significantly reduce the level of permanganate in peat water close to the quality
standard. It can be said that the permanganate method in acidic condition has a better recovery [12].
This is probably due to the fact that most of the organic matters were oxidized more completely in acidic
than in alkaline conditions [13]. To obtain better permanganate numbers, treating by the ozone plasma
technology is needed with a t; of more than 15 minutes or an estimated treating time of no more than 20
minutes. The results of this experimental treatment using ozone plasma technology are showed in Figure
1.

4. Discussion

Peat water which is widely found on the islands of Borneo and Sumatra is a type of water that is
commonly found in locations that often occur in tidal conditions, swampy areas, and lowlands. In
general, peat water has acidic and brown properties and based on the Government Regulation No. 82
Year of 2001 concerning management of water quality and water pollution control, defines peat water
as unsuitable for consumption so it must be treated in advance so that it is suitable for consumption [14],
while swampy areas generally only have surface water from peat water. One appropriate solution is to
use water treatment plant that can treat the peat water into consumable water. But conventional
technology is not appropriate to be used to treat peat water. This is because to treat peat water into
consumable water requires high technology and expensive costs so that its affordability by the
community will be very low. Water treatment technology using ozone plasma is proven to be able to
treat peat water into consumable water.

After treating the peat water by ozone plasma technology with t; 15 minutes, three parameters
tested (coliform, color, and turbidity) are proven to be able to be treated and to meet the clean water
quality standards based on the Regulation of The Minister of Health No. 416 Year of 1990. However,
there is one parameter that has not met the maximum limit of clean water, which is permanganate
number. Even though at t; 15 minutes the permanganate number is still above the maximum limit, there
is a significant decrease and it is highly probable that permanganate number can be below the maximum
limit if it is treated with a longer contact time.

5. Conclusion

Based on the results of treating peat water using ozone plasma technology, it is proven that the
technology able to treat peat water very effectively compared to the conventional refining technology.
At the t; 15 minutes treating peat water with ozone plasma, 3 of 4 test parameters (coliform, color, and
turbidity) can be treated to be below the maximum limit. While another test parameter can be reduced
significantly so the value is only slightly exceeding the maximum limit, and there is a high probability
that the value can be treated to below the maximum limit by increasing the contact time of peat water in
the ozone plasma unit. The use of ozone plasma to treat peat water will be able to reduce the use of
chemicals to treat water into clean water so that it will have a significant impact on the cost of treating
peat water. Thus, the use of this 0zone plasma technology to treat peat water will be an effective cost to
be developed and applied in many places on the islands of Kalimantan and Sumatra in Indonesia. This
regarding that in the areas that have raw water in the form of peat water, the use of ozone plasma
technology can be one of appropriate alternative to treat the raw water into clean/drinking water.
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