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Abstract— Cold Atmospheric Pressure Plasma Jets (CAPPJs) was generated by using column dielectric barrier
discharge has been investigated. In this study, we evaluated the ability of plasma jet to decrease the pH in aqueous
solutions. Plasma jet was generated by a sinusoidal AC high voltage at 12 kV and at frequency 26 kHz. Plasma
activated medium (PAM) was produced by exposing aquadest water to the CAPPJs. The duration of exposing
plasma jet was set at 5 minutes to 35 minutes, with an interval of 5 minutes. Plasma exposures were performed at
the distance at 2 cm between plasma jet tube output and the upper surface of the liquid medium. On the results
obtained in this experiment, the pH values at 2.7 in plasma-activated medium with exposure of plasma jet. We
found that the pH of PAM decrease by a duration of exposure plasma jet. Cold Atmospheric Pressure Plasma Jets
can significantly decrease the pH in aqueous solutions.
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I.INTRODUCTION

Development of Cold Atmospheric Pressure Plasma Jets (CAPPJs) is a new innovation in the field of plasma
medicine several years. CAPPJs can be applied to wound healing [1], [2], sterilization [3], coagulation, dental
treatment, and also for the inactivation of various cancer cells [4] such as breast cancer [5], head and neck [6],
brain [7], skin [8], ovaries [9], lung [10], prostate [11], and colorectal tissue [12]. It has been proven that plasma
species can inactivate cancer cells either directly interactions of gaseous species with cells or indirectly by using
plasma activated media (PAM) [13].
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PAM has many advantages including allowing selective treatment of cancerous organ tissues that are difficult to
reach by gaseous species and require endoscopy or catheters, resulting in minimal toxicity for normal tissue, and
can survive some days after activation if stored at appropriate temperatures. PAM consists of several reactive
species that can be classified into Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) or can be
referred to as Reactive Oxygen and Nitrogen Species (RONS) [13].

Many studies of plasma-based sterilization have been performed by utilizing RONS in the inactivation of
microorganisms on the surface of the material in dry conditions, where plasma is directly applied. Under such
conditions, microorganisms are often physically destroyed by impinging energetic ions and/or electrons or their
DNAs are severely damaged by UV from the plasmas. RONS and other free radicals in the gas phase have been also
reported to directly damage the microorganisms. For many practical applications, however, sterilization under
wet conditions is also important. When bacteria are immersed in a liquid or imbedded in a gel-like material with
sufficient water content, neither ions nor electrons can interact directly with the bacteria as they are strongly
absorbed by a liquid when applied through the gas to the liquid surface [3], [14]. Nevertheless, as we shall show in
this paper, exposure of the Cold Atmospheric Pressure Plasma Jets to a plasma activated media can also reduce pH
in the liquid.

In this study, on plasma sterilization in aqueous environments, similar to biological systems, under controlled pH
conditions indicated strong practical sterilization effects with plasma irradiation under low pH conditions. The
Plasma generating reactive species exerted strong sterilization effects on at pH 4.7 or less (reduced-pH method).

II. METHOD

This research was conducted by Analysis of pH on Plasma Activated Medium in Aqueous Solution in Cold
Atmospheric Pressure Plasma Jets. This Cold Atmospheric Pressure Plasma Jets (CAPP]s) was generated by AC
high voltage. The cold atmospheric pressure plasma jets system that we used here is similar to the device
developed by Nur et al [15]. A sinusoidal voltage at 12 kV and at frequency 26 kHz is applied for the excitation and
sustaining of the discharges. Argon plasma jet was generated by using the capillary column as plasma jet tube. AC
high voltage source connected to an electrode and HV probe. The capillary column made of quartz glass with an
inner diameter of 1.6 mm and an outer diameter of 3 mm with a length of 100 mm. At the center of the length
capillary column, we added a Teflon cylinder with a diameter of 2.5 mm and a length of 2 mm. The Teflon cylinder
serves as a dielectric barrier (dielectric barrier discharge) to separate the two electrodes. The electrodes used in
this study is made of a thin layer of aluminium (aluminium foil) encircling the quartz capillary column. The top
electrode length of 20 mm and 30 mm of the lower electrode, the distance between the electrodes of 10 mm and
the spacing between lower electrode to the tip of the capillary column is 5 mm. Argon gas (purity of 99.999 %,
Samator Gas products) was supplied at a flow rate 2 L /minutes into the capillary column.
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Fig. 1 Schematic of research equipment set-up
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Plasma activated medium (PAM) was produced by exposing 25 mL of aquadest water to the CAPP]Js. The duration
of exposing plasma jet was set at 5 minutes to 35 minutes, with an interval of 5 minutes. Plasma exposures were
performed under the same experimental conditions (applied voltage, frequency, and gas flow) and at the distance
at 2 cm between plasma jet tube output and the upper surface of the PAM.

III. RESULT AND DISCUSSION

In this study, the pH characteristics of plasma activated medium resulted from exposure of plasma jet to aquadest
water with an exposure time of 5 to 35 minutes at intervals of 5 minutes with a distance at 2 cm from the jet
plasma reactor. This treatment to determine the level of acidity in PAM after treatment using plasma jets. Based
on the results obtained pH on PAM can be seen in the graph shown in Figure 2. The pH without plasma jet
treatment (0 minutes) showed at 7.2. The samples without plasma treatment were used as control samples. The
pH in PAM with plasma jet treatment with for 5, 10, 15, 20, 25, 30 minutes at pH 5.7, 4.3, 3.8, 3.7, 3.6, 3.5
respectively. In the subsequent treatment, the pH of PAM decreased to 2.7 with plasma jet treatment for 35
minutes.
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Fig. 2 Graph of pH as functions of plasma jet exposure time

One of the most important chemical effects present in plasma is acidification. Plasma exposure to the solution can
significantly decrease the pH [3]. A critical pH for bactericidal effects, which is approximately 4.7. Below the
critical pH, bacterial inactivation occurs by the plasma jet application to the solution surface whereas, above the
critical pH, bacteria remain intact even with the same plasma application [14]. This acidification of water is
important in bacterial Killer processes [16]. Based on the results obtained in this experiment the pH at 2.7 in the
sample with exposure of plasma jet. This condition indicates that the sample may turn into acid. Furthermore,
many researchers also speculated that acidity and reactive species are interconnected in PAM. Lower pH is more
favorable for the reactive species to penetrate cell walls. On the other hand, the presence of reactive species
reduces the resistance of bacteria to acidic environment [17]. It can be analogized that this process can kill the
bacteria that exist in the sample.

IV. CONCLUSIONS

In conclusion, it has been found that Cold Atmospheric Pressure Plasma Jets can significantly decrease the pH in
aqueous solutions. Exposure of plasma jet in plasma-activated medium can decrease pH to 2.7 in 35 minutes. This
shows that PAM in acidic conditions. So, the treatment by using plasma jet can be used for killing bacteria and
sterilization.
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