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For applying atmospheric non-equilibrium plasma on a medical field, the influence of gas temperature
and each reactive species on the treatment effect and safety should be investigated. In this study, a
multi-gas plasma jet which can control the gas temperature of plasma without the discharge power was
developed.

To investigate influence of gas temperature of plasma on bactericidal effect, bactericidal ability on varous
bacteria using temperature-controlled plasma from 10 to 80°C was investigated. Aa the results, the
bactericidal ability of 3% oxygen-mixed helium plasma increased with the gas temperature, a strong
relation between the bactericidal ability and the amount of singlet oxygen in the plasma irradiated solution
was revealed.

The bactericidal effect of various gas plasma was investigated using multi-gas plasma bubbling device. As
the result, oxygen and carbon dioxide plasma showed high bactericidal effect on floating bacteria in liquid.
In addition, carbon dioxide plasma combined with ultrasonic suppressed the treatment time to below 1/5
for inactivation of adhesive bacteria on steinless plates.

For endoscopic hemostasis, a mini plasma jet which has outer diamiter of 2.8 mm was developed using
metal 3D printer. In hemostasis experiment of bleeding point on porcine stomach, carbon dioxide plasma of
5.8 W stoped the bleeding within 30 s and earlier healing than conventional method using thermal plasma
was confirmed.

As an application to the field of life science, experiments on introducing macromolecules into plant cells
by plasma irradiation were conducted. As a result, it was revealed that by irradiating plasma with carbon
dioxide, oxygen, argon + hydrogen, nitrogen, proteins with a molecular weight of about 75,000 can be
introduced into the cells of tobacco leaves. Particularly, by controlling the plasma of nitrogen and carbon

dioxide to about 20°C for 2 s, introduction of proteins and DNA without damaging the cells was succeed.
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