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APPLICATION OF DC ATMOSPHERIC PRESSURE GLOW DISCHARGE PLASMA JET FOR STAPHYLOCOCCUS AUREUS INACTIVATION

N.V. Dudchik*, A.A. Kirillov, A.V. Paulava, Y.A. Safronau, L.V. Simonchik
Institute of Physics NAS of Belarus, Minsk, Belarus, y.safronau@ifanbel.bas-net.by 
*Republican Scientific-Practical Center of Hygiene, Minsk, Belarus, n_dudchik@tut.by
The potential use in biomedical applications has driven the development of a variety of reliable plasma sources: surface and volume dielectric barrier discharges [1], atmospheric pressure plasma jets [2], etc. In many cases for applications such as plasma medicine the generation of cold plasma in open space is needed rather than in confined gaps. The use of plasma jets allows processing of objects of different shapes and sizes. The paper presents the results of a study of cold plasma jets based on dc atmospheric pressure glow discharge (APGD) [3] and its application for bacteria inactivation.
The APGD plasma jets blown into the open air were obtained for different plasma-forming gases and their mixtures such as N2, air, He/O2, Ar/O2. Working gas is fed into the chamber at gas inlet then flows through the discharge region and exits from the glass tube with 1.5 mm inner diameter. Discharge current was ranged from a few milliamps to hundreds of milliamps. The plasma generated in the APGD gap propagates into surrounding air to distances up to several centimeters from the edge of the tube. Increasing of the flow rate increases the length of the jet to a certain value with the following transition to turbulent flow regime and decrease of the jet length. 
The emission from nitrogen jet is mainly dominated by intensive NO, CN, NH bands in blue and ultraviolet parts of the spectrum, including the bactericidal range of 200–300 nm. On the contrary, air jet spectrum is mainly concentrated at wavelengths above 400 nm where there is intensive radiation of NO2. OH A–X band is present in emission spectra from air, Ar/O2 and He/O2 jets and it is not seen in N2 jet.        
Bactericidal effectiveness of the developed plasma jets was investigated on Gram-positive Staphylococcus aureus. Therefore, suspension of an overnight-grown S. aureus with initial concentration of 107 CFU/ml have been plated onto surface of agar containing undifferentiated dense nutrient medium and distributed over the surface with a spatula. After preparation, a central part of each of 4 sectors of a 90 mm Petri dish has been treated by the APGD plasma jet for different exposure times, respectively. The plasma jet temperature at the treatment point did not exceed 40 °C. 

The smallest inactivation effect was observed using N2 plasma jet, the best was obtained for the air plasma jet. It was shown that treatment by air APGD plasma jet for 10 min leads to almost complete bacteria inactivation of the sector surface of 15 cm2 sown with fresh culture of Staphylococcus aureus with the surface density of 105–106 CFU/cm2. This result shows that the generated APGD plasma jet is promising for biomedical applications.
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