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Abstract: Non thermal argon plasma needle at atmospheric pressure was constructed. The experimental set up
was based on a simple and low cost electric components that generate electrical field sufficiently high at the
electrodes to ionize various gases which flow at atmospheric pressure. A high AC power supply was used with
9.6kV peak to peak and 33kHz frequency. Used the non-thermal plasma argon to two types of Gram-positive
bacteria, was fully kill her in a time of 40 seconds.
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I.  Introduction

The bactericidal effect of gas plasmas is routinely used in sterilizing the surfaces of e.g. medical
instruments or biomedical materials [1]. The quality and speed of sterilization, the ability of contact-free
treatment and penetration of small cavities make this technique highly attractive for medical in vivo
applications. A variety of low-temperature atmospheric plasma sources (LTAPS) has been developed recently,
such as the plasma needle [2], plasma pencil [3], dielectric barrier discharge (DBD) devices [4] or the plasma
torch [5]. A comparative overview of various devices is given in [6, 7]. LTAPS produce a strong bactericidal
effect in a very short time, as has already been shown in various in vitro studies [8]. Bacterial cultures are
plasma treated for a given (short) time and then incubated for 1 or 2 days. Since bacteria multiply rapidly, the
absence of bacteria in the treated region is a direct measure of the bactericidal effect of LTAP [9].

This is due to promising applications in medical research such as electro surgery [10], tissue
engineering [11], surface modification of biocompatible materials [12], and the sterilization of heat sensitive
materials and instruments [13].

I1.  Experimental
1- Plasma jet

Plasma jet consists of a hollow stainless steel pipe 100mm long with inner diameter 1mm and outer
diameter 2.7mm inserted inside a Teflon pipe as shown in figure (1). The stainless steel connected to the high
voltage power supply. As put between teflon pipe and stainless steel pipe filled with teflon tape.

Under certain conditions an argon plasma jet can be extracted from the downstream tube end since
there is no discharge inside the plastic tube. The plasma jet obtained by this method is cold enough to be put in
direct contact with human skin without electric shock and can be used for medical treatment and
decontamination. All configuration the high voltage power supply generates high voltage of sinusoidal shape of
9.6kV peak to peak and frequency of 33kHz.

Fig. (1): Plasma torch at working
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2- Plasma jet system
Plasma system includes four main parts:
1. The source of alternating high voltages.
2. Plasma jet.
3. Argon gas.
4. Flow meter. Figure (2) shows the schematic diagram of plasma jet the system.
Which conssast from high voltage source, plasma torch, Argon gas and gas flow meter.
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Fig. (2): The plasma jet system

3- Biological application (Bacteria deactivation)
Non thermal plasma jet shown in fig (1), which designed and constricted locally was used to treat
different type of bacteria and different strain belonged to different bacteria.

3-1 Sample Preparation

Two bacterial species gram of positive (Staphylococcus aureus, Staphylococcus epidermidis), from (1
isolates) Staphylococcus aureus and Staphylococcus epidermidis, were obtained from University of Baghdad -
College of Science - Biology department.

Several colonies were picked up from an overnight culture of each isolate, suspended into 10ml of
Nutrient broth (N. A.), and then kept for 24 h at 37°C.

3-2 Sample treatment by plasma jet

Bacteria were treated with plasma jet at argon gas flow rate of (1, 2, 3, 4, 5) L/min. The bacterial
sample (10ul) was treated by varying time between 10 and 50 seconds. For every treatment set, one types of
control were used untreated samples (10ul) inoculum on mannitol salt agar spread the inoculum on the plate by
loop. After treatment completed, the plates were incubated at 37°C for 24 h, and bacterial colonies were
counted. The effectiveness of the treatment was calculated by two values, the first one calculated by the
percentage of C.F.U. and observed on treated plates relative to C.F.U. An untreated plates at the lowest dilution
where survival was observed [14].

All experiments were repeated more than once. The efficiency of the antimicrobial treatment is
determined by comparing the reduction in bacterial concentration of the treated sample with that of control
sample expressed as percentage reduction. Percentage reduction R was calculated using the following formula

[15]. R = 22N % 100%

No
where:
Ny = C.F.U. of non treated bacterial (control), N, = C.F.U. of treated bacteria (t treated time).
The experimental setup used for these treatments is shown in figure (3).
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Fig. (3): The image control bacteria

3-3 Sterilization by eradication of bacteria

The sterilization efficacy of plasma jet devices is influenced by gas composition, driving at frequency
15 kHz, and bacterial strain, but plasma jet devices have shown to kill a higher proportion of bacteria than do
conventional non-thermal methods such as UV sterilization [16, 17]. The mechanism of plasma sterilization is
related to the abundance of plasma components, like Reactive Oxygen Species (ROS), ions and electrons [18].

Also, plasma jet can affect not only the contacted point but also the area around it. Recently, plasma
sterilization has been used to treat dental diseases [19]. It was proved that the atmospheric pressure non-thermal
air plasma device was effective in killing both Staphylococcus aureus, Staphylococcus epidermidis [20].

I11.  Results and Discussion
1-Form of applied voltage
The voltage, waveform is shown in figure (4). The voltage was measured at the ends of the secondary
coil of the flyback transformer. From the figure one can see that the voltage have a sinusoidal wave form with
frequency of (33kHz). This frequency is near the resonant frequency of the secondary circuit of the flyback
transformer which calculated from the RLC values for the secondary coil. The measured voltage at the ends of
the secondary coil is (9.6kV) peak to peak.

Voltage(volt)

Fig. (4): The waveform of the discharge voltage of the argon plasma jet.

2- Form of discharge current
The current waveform has five damped oscillations of the applied voltage, with 30us cycle as shown in

figure (5). This behavior may be due to the capacitive coupling of the circuits with the discharged gas [21]. The
current waveform show no spiky lines which indicates that the discharges are homogenous glow also the current
leading the voltage, which demonstrates the capacitive character of the discharge [22].
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Fig. (5): The waveform of the discharge current pulse of the argon plasma jet.

3-Bacteria deactivation by plasma jet

Optimum conditions was selected Voltage (1750 volt), frequency (15 kHz), distance (2.5cm), time (10,
20, 30, 40, 50) sec, and gas flow rates ( 1, 2, 3, 4, 5) I/min, by using plasma jet for killing bacteria that inhabit
inside the mouth, on the surface of the tongue, and on teeth.

The initial study compared the individual susceptibility of two micro-organisms belonging to different
species Staphylococcus aureus as shown in Figure (6), and Staphylococcus epidermidis as shown in Figure (7).

Fig.(6): Staphylococcus aureus, a=10sec, b=20sec, c=30sec, d=40sec.
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Fig.(7): Staphylococcus epidermidis, a=10sec, b=20sec, c=30sec, d=40sec.

Cold plasma produces long living (03, NO, HO2, H202) and short lived (OH, O electronically
excited) neutral particles and charged particles(ions and electrons ).

All of these could be toxic to cells, induce low levels of cell membrane damage and potentially change
intercellular signaling pathways .Specific plasma can be created to produce either neutrals or charged particles
in order to elucidate the critical mechanism, charged particles can play a very significant role in the rupture of
the outer membrane of bacterial cells [23].

3-1 Study the influence of argon gas flow rate on the bacteria deactivation

Figures (8) & (9) show the relation between the survival percentage for bacteria and the relationship
between the Reduction percentage as a function of gas flow rate respectively.

The effects of the increasing gas flow rate and high speed particle discharge penetrating through the
outer structure of the bacteria may play a dominant role during the inactivation of the bacteria caused by plasma
jet. If bacteria are treated with increase gas flow rate, the cell membrane’s structure and electric charges
distribution over the cell membrane can be destroyed. In addition with the penetrating effect of the high speed
particle discharge the outer structure of bacteria, namely cell wall and cell membrane of culture form,
exosporium and coating of the spore, could be destroyed and cytoplasm would be released, which would cause
the death of the bacteria. Because the outer structure of the spore was tighter than that of the vegetative form,
the vegetative form could be broken by plasma jet and the spore could not be broken but only left with cuts by
plasma jet. Staphylococcus aureus bacteria more sensitive to the plasma jet treatment than the Staphylococcus
epidermidis bacteria; at the operating condition that applied in this work, the partial inactivation time for the
Staphylococcus aureus bacteria greater than Staphylococcus epidermidis at time 30s of same conditions [24].
While complete inactivation time for all bacteria at 40s of same conditions.
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Fig. (8): The relationship between the Survival percentage as a function of gas flow rate.
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Fig. (9): The relationship between the Reduction percentage as a function of gas flow rate.

From the above results, one can show that:

* Staphylococcus aureus and Staphylococcus epidermidis bacteria can be inactivated by exposed to the plasma
jet for a period of time. The inactivation increases with treatment time increasing.

* The inactivation depends on the plasma jet system operating conditions such as applied voltage, gas flow rate
and treatment time.

3-2 Study the influence of applied voltage on the bacteria deactivation

In this section, the effects of the plasma jet treatment on Staphylococcus aureus and Staphylococcus
epidermidis bacteria were studied according to conditions. The plasma jet was generated under different applied
voltages and times. The bacteria were reduction in different percentages depending on the experiments
conditions. The reduction percentage as a function of the plasma jet applied voltages for different conditions

was presented in figures (10) & (11). The results, show that the reduction percentage increases with the
increasing of treatment time for all applied voltages.
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Fig. (11): The relationship between the Reduction percentage as a function of Voltage.
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This was because the interaction between bacteria and reaction species was almost complete within 40
sec [25]. This indicate to applied voltage height produced in high degree for gas ionization, hereby increases
density various reaction species which was reactive agents to reduction bacteria cells [26, 27].

IV.  Conclusions

Plasma needle effective tool used to treat different bacteria types. The 40sec plasma bacteria treatment
is sufficient to good killing percent. The temperature of the plasma jet was found to be closer to room
temperature than any other plasma jet and the length of plasma jet can be control by varying Argon gas flow
rate. In Bacteriological, there was laboratory plasma needle system showed killing percentage effect on Gram-
negative and Gram-positive bacteria, charged particles found in plasma can play a very significant role in the
rupture of the outer membrane of bacterial cells.

Cold plasma produces long living (O3, NO, HO,, H,0,)and short lived (OH, O electronically excited)
neutral particles and charged particles(ions and electrons ).All of these could be toxic to cells ,induce low levels
of cell membrane damage and potentially change intercellular signaling pathways .Specific plasmas can be
created to produce either neutrals or charged particles in order to elucidate the critical mechanism, charged
particles can play a very significant role in the rupture of the outer membrane of bacterial cells.
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