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Abstract. The atmospheric pressure plasma has been extensively applied to biomedical, like sterilization, 

cell proliferation, wound healing and cell apoptosis. Plasma contains many species, such as ions, atoms, 

radiation, electrons and chemically active substances. After surgery, the surgical instruments need to be 

processed by multiple traditional sanitizing procedures, which are relatively time-consuming. In order to the 

instruments can be reused multiple times by doctor during surgery. In this study, we design and making a box 

with sterilization of atmospheric pressure plasma, which is designed by using the type of dielectric barrier 

discharge (DBD). The germicidal efficiency of E. coli is over 99% after 600 s plasma treatment, and we 

detected the reactive oxygen species (ROS) such as oxygen and hydroxyl radical by optical emission 

spectrometer (OES). In the future, in order to profit sterilization rapidly and the plasma effect can be used in 

clinical. We hope this research can be used really in medical surgical instruments. 
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1. Introduction  

Sterilization is one of the key technologies for guaranteeing safety of service in the medical application 

[1]. Traditionally, the main methods of inactivation of microorganisms are based on thermal treatment (dry 

or moist heat), chemical treatment (H2O2 or ethylene oxide) or radiation (X-ray and γ-rays) [2]. It is known 

that all these methods have both merits and demerits. In recent years, plasma sterilization has been 

investigated as a new method to satisfy low-temperature processes [1]. Owing to the complexity of technical 

concepts for generation of plasma (jets, direct discharges), genus and states of microorganisms (vegetative, 

planktonic, spores) and experimental conditions (in vitro or in vivo, bacteria in aqueous or gaseous phase), 

the field of research is generally broad for studies on plasma decontamination [3]. Due to its many 

advantages including operation at atmospheric pressure, no presence of toxic substances, low-temperature, 

long operative duration, economical and simple systems. These advantages make plasma a good alternative 

to other more conventional methods such as ethylene oxide, autoclaving, dry heat, gamma ray and UV 

irradiation [4]. The plasma is created between two conductive electrodes connected to an AC or pulsed 

power supply. At least one of DBD electrodes is covered by dielectric layer, which prevents the arc 

formation after breakdown [2]. Plasma is an ionized medium that contains numerous active components 

including electrons and ions, free radicals, reactive molecules, photons and chemical reactive species [5]. For 

example, ROS tend to react with each other as well as of oxygen molecules resulting in the formation of 

hydrogen peroxide, hydroxyl radical, superoxide, singlet oxygen, atomic oxygen and ozone [6].  

These chemical reactive species, in turn, have the ability to inactivate microorganisms. Thus, studies on 

air plasmas often conclude that reactive oxygen species (ROS) play a dominant role while on the other hand 

also charged particles are referred to as important bactericidal agents [3]. 
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2. Methods  

2.1. Materials  

Strains used in this experiment were Escherichia coli ATCC 25922 (generic strain). E. coli were grown 

overnight in LB broth to OD600 1.0, corresponding to approximately 10
7
 colony-forming units per ml 

(cfu/ml). In this experiments, the frequency and the applied voltage of the device was fixed at 651.6 Hz and 

8.24 kV. Before the plasma treatment, E. coli were diluted to 10
5
 with LB growth, 100 ul bacterial 

suspensions spread to agar plate (n=5), and then plasma treatment at 1, 2, 5, 10 min. Final, cultivate at 37℃ 

for 18 h. 

2.2. Waveform of the Discharge & Q-V Lissajous 

Applied voltage was measured by a high-voltage probe Pintek HIV-40 and probe Tektronix P2220. The 

current waveforms were recorded by measuring the voltage across a 10 Ω resistor connected in series with 

the reactor. To obtain the charge flowing through the gap the resistor was substituted by a 3.3 μF capacitor. 

From the Q–V Lissajous figure the discharge energy per cycle is calculated using the standard method based 

on the figure’s area. The mean power is obtained by multiplying the energy by the source frequency.  

2.3. Temperature of the Plasma 

The temperature was measured by thermocouple thermometer with the probe head mounted in the 

plasma discharge surface. 

3. Results 

 

 

 

 

 

 

 

Fig. 1: Photo of homemade low temperature plasma sterilization box (A) appearance (B) excited 

 

 
Fig. 2: Sterilization of E. coli. After plasma treatment for different time then incubated for 18 h at 37 ℃.(A) Without 

plasma treatment, (B) Plasma treatment 1 min,(C) Plasma treatment 2 min, (D) Plasma treatment 5 min, (E) Plasma 

treatment 10 min. 
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Fig. 3: Sterilization of E. coli. then incubated for 18 h at 37 ℃.(A) Without plasma treatment, (B) Plasma treatment 2 

min,(C) Plasma treatment 2 min and stay in the box 5 min. 

This generator can supply the pulsed distorted sinusoidal, and the frequency was 651.6 Hz, applied 

voltage was 8.24 kV. The result is shown in figure. The discharge current of DBD plasma was 224 mA, the 

mean power was 27 W. The result is shown in Fig. 4. 

 
Fig. 4: (a) Waveforms of the discharge, the black and red line is voltage and current waveform. (b) Q-V Lissajous figure 

for calculation of the discharge energy. 

The air plasma source used in this work does not induce thermal stresses to the sample as the 

temperature remains below 43 ◦C even after a 10 min plasma treatment. The result is shown in Fig. 5. 

 
Fig. 5: Temperature of different plasma treatment time 
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To realize the species present in the atmospheric pressure DBD plasma, optical emission spectroscopy 

(OES) studies were performed. The emission spectrum of OH can be observed at 297 nm; The spectrum of 

oxygen can be observed at 777 nm. Between 315 and 427 nm emitted by excited nitrogen. The result is 

shown in Fig. 6.  

 
Fig. 6: The optical emission spectra of the DBD plasma. 297 nm emitted by excited OH. 777 nm emitted by excited 

oxygen. Between 315 and 427 nm emitted by excited nitrogen. 

4. Conclusion 

In this research, we succeed in design and making a kind of pulsed high-voltage generator and a DBD 

plasma reactor shown in Fig. 1 [2]. By our DBD plasma at atmospheric pressure system, that can succeed in 

E. coli inactivation decrease at 10 min shown in Fig. 2 and Fig. 3 [6]. This generator can supply the pulsed 

distorted sinusoidal, and the frequency was 651.6 Hz, applied voltage was 8.24 kV shown in Fig. 4 (a) and 

Fig. 4 (b). The discharge current of DBD plasma was 224 mA, the mean power was 27 W [2]. It can be seen 

from Fig. 1 that the temperature increased with an increase in treatment time [4]. To realize the species 

present in the atmospheric pressure DBD plasma, OES studies were performed shown in Fig. 6. The neutral 

oxygen atom emission lines were observed [5].  
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