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Currently, the use of cold plasma in biotechnology and biomedicine is of great interest. A large amount of data has been accumulated
on the effects of the action of cold atmospheric plasma on solutions of nutrient media, plant objects, as well as on animal and bacterial
cells. The result of a cascade of chemical reactions occurring when a solution is exposed to cold plasma is the enrichment of the liquid
with reactive oxygen species (ROS), such as hydroxyl radical (•OH), hydrogen peroxide (H2O2), peroxyl radical (HO2 •), and superoxide
anion radical (O2

-•), as well as reactive nitrogen species (RNS) such as nitrogen monoxide and peroxynitrite. Previous studies show that
media treated with cold plasma can retain bactericidal properties for a long time. Also, numerous works have proven the success of
using cold atmospheric plasma (CAP) for sterilizing surfaces, healing wounds, stimulating immunity, etc. Thus, the use of processing
solutions with cold atmospheric plasma is a promising solution for biomedicine and pharmacology.

MATERIALS & METHODS To generate CAP, our team (GPI
RAS) developed a prototype of an installation based on
piezoceramic transformers. Distilled water was exposed to HAP
generated by a piezotransformer. Processing was carried out on a
six-well plate. The volume of water in the well was 5 ml. The
exposure time was from 30 sec to 10 min. The emission spectra
were recorded after water treatment with CAP using an AvaSpec-
2048 spectrometer (330–1100 nm). Next, the transmission and
absorption spectra of water activated by CAP were recorded
using an AvaSpec-2048FT-4-RM spectrometer in the range 199–
320 nm. The UV spectra of water treated with CAP were recorded
in a quartz cuvette. The uptake was highest for nitrite ion (NO2

-)
and nitrate ion (NO3

-). The nitrate concentration was calculated
from the optical density data. A decrease in optical density at a
wavelength of 209 nm indicated the contribution of NO3

-, H2O2,
and O2 molecules. into absorption, although the extinction
coefficient of NO3

- was about twice that of NO2
-. The electrical

conductivity of the water treated with CAP was measured using a
Cond 6+ conductometer (Eutech Instruments). The redox
potential of water was measured using an Expert 001–1
multielectrode meter (Econix). The pH value was measured using
an I-500 Aquilon pH meter. The H2O2 concentration was
determined by the enhanced chemiluminescence method in the
luminol-4-iodophenol-peroxidase system.

FIGURE. 1. Photo of the direct piezo-discharge CAP liquid media surface
treatment (A). Installation schematic (B)

RESULTS An increase in the redox potential and conductivity of water was noted with increasing treatment time. The pH value
decreased depending on the duration of treatment, which is associated with the accumulation of nitrate and nitrite anions in the medium
activated by CAP. The concentration of hydrogen peroxide increased depending on the duration of the HAP water treatment. The use of
water activated by cold atmospheric plasma by the proposed method is a promising approach for a wide range of applications, including
agriculture, biomedicine, and pharmacology. This work was supported by a grant of the Ministry of Science and Higher Education of the
Russian Federation for large scientific projects in priority areas of scientific and technological development (Grant No. 075-15-2020-774)

FIGURE. 3. Dependence of the
treated media conductivity (A), redox
potential (B), pH (C), and H2O2

concentration (D) on the exposure
time. Measurements were taken
immediately after processing and 24 h
after processing.

FIGURE. 4. Change with time of the
absorbance curve of distilled water
after treatment. Processing was
carried out for 3 min in the well of the
plate with a liquid volume of 5 ml (A).
The change in the concentration of
nitrite ion (NO2

–) in distilled water
after treatment. Processing was
carried out for 3 min in the well of the
plate with a liquid volume of 5 ml,
T1 = 23 °C, T2 = 4 °C (B).

FIGURE. 2. The direct piezo-discharge emission spectrum in the
atmosphere under normal conditions (A). The generation of the nitrite ion
(NO2

–) (µmol L−1) in distilled water volume of 5 ml depending on direct
piezo-discharge exposure time (B)
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