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Atmospheric cold plasma enabled novel plasma applications, such as new medlcal treatment
by direct exposure to living tissue. In present study, with the aim of contribution to the novel
plasma medical technology, investigations to factor of plasma sensitivity and a trial to
enhancement of inactivation effect by combination use with a chemical were carried out, using
Escherichia coli (E. coli) as bacterial samples. Cold plasma jets were used as plasma sources.
They were generated by barrier discharge near the ends of the tubes which is injected helium or
argon. Metastable states of molecules of these gases are long-lived and have high energy.
Therefore it can be released to air and generates active radicals by dissociation of oxygen and
water in air. The chemical activity and electromagnetic action interacts with living body, and
induce various cell answers, both lethal and non-lethal. In present study, experimental
investigation about (1) enhancement of inactivation by ferrous iron, (2) residual bacterial
inactivation effect of subjects, and (3) effect on plasma sensitivity of bacteria by its growth
condition, were carried out.

(1) Change on plasma sensitivity of . coli caused by addition of ferrous iron (ferrous sulfate)
was evaluated. Ferrous iron disproportionate hydrogen peroxide to hydroxide ion and hydroxyl
radical with strong oxidation power. Hydrogen peroxide is a common product of plasma
treatment. From these, enhancement of oxidation power, namely bacterial inactivation effect by
addition of ferrous iron was expected. In result, it is observed that ferrous sulfate in appropriate
concentration enhances bacterial inactivation. Though, the appropriate concentration varied
greatly depending on condition, such as amount of air around reaction field.

(2) In investigation about residual effect, it is observed that both agar medium and distilled
water immediately after plasma treatment have bacterial inactivation effect. The effect was not
reproduced by comparable concentrations of hydrogen peroxide and nitric acid, which are
typical products of plasma treatment. Ozone is considered as main factor of the effect according
to its disappearance in several minutes to several hours.

(3) In effect on plasma sensitivity of bacteria by its growth cond1t10n growth phase (time of
cultivation) and growth temperature (temperature at cultivation) were evaluated separately. In
evaluation of growth phase effect, plasma sensitivity of E. coli in various growth phases were
measured. In result, decreases of sensitivity were observed around transitions between these
growth phases. Among them, the decrease around the transition between exponential phase and
‘stationary phase is highly considered to be caused by the specific decrease of cell membrane
permeability around early stationary phase. In evaluation of growth temperature effect, E. coli
was cultivated at 19, 28, 37, 40, and 43°C, and plasma sensitivity of them were compared. In
result, E. coli cultivated in 37°C, optimum growth temperature, showed lowest sensitivity.
Namely, both lower and higher growth temperature increased sensitivity. There is a paper
which reports that sensitivity of . coli to pulse electric field increased by both higher and lower
growth temperature namely is similar to the trend in plasma sensitivity. Therefore, it can be
considered that electric field has critical role in the plasma Jet treatment, aside from reactive
species.




