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Application of low-temperature non-equilibrium atmospheric-pressure plasmas (APPs) 

for therapeutic purposes in medicine has attracted much attention and research activities in 

plasma medicine have increased significantly in recent years. Such plasmas are generated 

typically by low-frequency high-voltage electrical pulses applied to electrodes or 

high-frequency [e.g., radio frequency (RF) or microwave frequency] low-voltage discharge 

sources and therefore the temperature of ambient gas surrounding the plasma remains close 

to room temperature. Recent extensive studies have shown that non-equilibrium APPs 

produce high concentrations of reactive oxygen species (ROS) / reactive nitrogen species 

(RNS) in the gas phase in addition to electrons and ions. When a low-temperature APP is 

applied to living bodies such as tissues and cells, it is generally considered that such 

chemically reactive species, possibly including electrons and ions, trigger chains of chemical 

reactions in them through their metabolic pathways. One of the most important issues in the 

field of “plasma medicine” is to clarify the reaction pathways that relate plasma-generated 

reactive species to metabolisms in  biological systems. Under typical conditions, tissues and 

cells of living bodies are immersed in liquid (such as blood or lymph), so when an APP is 

applied to them, chemically reactive species are dissolved in the liquid before interacting 

with living organisms. Reactive species dissolved in liquid as well as charged particles 

impinging on a liquid surface, however, may be converted to or generate new types of 

reactive species in the liquid phase. Generation of reactive species in liquid exposed to an 

APP can be modelled with (nonlinear) reaction diffusion equations. In this presentation, after 

a brief description of the current research status in this field, time variation of ROS/RNS 

distributions in pure water in contact with APPs is discussed under various plasma-exposure 

conditions. The discussion is mostly based on recent numerical simulation data on chemical 

reactions among about 40 different reactive species in water as well as experimental data on 

cell proliferation affected by plasma exposure. It has been found that cell viability in the 

culture medium is strongly affected by long-time exposure of the cells to low-weight less 

reactive (and therefore relatively long-lived) molecules such as hydrogen peroxide H2O2 or 

hydroperoxyl radicals HOO rather than cell interactions with highly reactive species or large 

organic molecules modified by plasma-generated reactive species.  
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