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THE INFLUENCE OF COLD PLASMA ON DIELECTRIC PROPERTIES
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ABSTRACT

The purpose of this study was to verify the modifying effect of cold plasma on the dielectric permittivity of
human skin samples. We fixed the shifts of dielectric properties of human skin specimens, which were
specific for processing by non-ionized inert gases (argon and helium) and cold plasma. The dielectric
permittivity of tissues was estimated using near-field resonant microwave sensing. It is established that the
treatment of fragments of biological tissue (human skin) with the considered flows of non-ionized and
ionized inert gases (helium and argon) has a significant effect on the dielectric characteristics of this
biological object. At the same time, the identified effects are specific for each of these effects. Argon and
argon cold plasma reduce the dielectric permittivity of the skin sample, and to a greater extent - non-
ionized gas (on 24.3%). On the contrary, helium causes an increase in the studied parameter, but only in
the form of cold plasma. This indicates the unequal influence of the considered physical factors on the
morphological structure of the biological sample.
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INTRODUCTION

The dielectric properties of biological objects have been studied for several decades [1-7]. To solve this
problem, researchers use various approaches to sensing, which can be classified into active and passive [3,
6-8]. Such a wide range of diagnostic technologies still does not allow us to identify the optimal method of
sensing and the frequency of electromagnetic field oscillations emitted by the generator [1-4, 7]. Thus, the
latter ranges from 10 MHz to 35 GHz for various authors [1-7].

It should be noted that almost all studies relate to the use of microwave sensing technologies of biological
tissues in vivo, whereas the method under consideration can be successfully used to assess the condition
and characteristics of biological objects outside the body. In particular, individual publications have


http://dx.doi.org/10.35630/2022/12/6.7
http://dx.doi.org/10.35630/2022/12/6.7
mailto:cryst-mart@yandex.ru
mailto:cryst-mart@yandex.ru
https://orcid.org/0000-0002-0818-5316
https://orcid.org/0000-0002-0818-5316
https://orcid.org/0000-0002-7197-2048
https://orcid.org/0000-0002-7197-2048
https://orcid.org/0000-0003-4460-5434
https://orcid.org/0000-0003-4460-5434
https://orcid.org/0000-0001-5047-8668
https://orcid.org/0000-0001-5047-8668
https://orcid.org/0000-0001-6113-2267
https://orcid.org/0000-0001-6113-2267
https://orcid.org/0000-0002-0241-4456
https://orcid.org/0000-0002-0241-4456
file:///C:/Users/marcmarc/Desktop/tempprojekt/archiv-euromedica-06-2022/pdf/1-VARIABILITY-OF-ANTHROPOMETRIC-PARAMETERS-IN-ADOLESCENT.pdf
file:///C:/Users/marcmarc/Desktop/tempprojekt/archiv-euromedica-06-2022/pdf/1-VARIABILITY-OF-ANTHROPOMETRIC-PARAMETERS-IN-ADOLESCENT.pdf
file:///C:/Users/marcmarc/Desktop/tempprojekt/archiv-euromedica-06-2022/pdf/1-VARIABILITY-OF-ANTHROPOMETRIC-PARAMETERS-IN-ADOLESCENT.pdf
mailto:cryst-mart@yandex.ru
mailto:cryst-mart@yandex.ru

archiv euromedica 2022 | vol. 12 | num. 6 |

confirmed the possibility of evaluating the parameters of samples of a number of organs (liver [1], prostate
gland [2], etc.) by their dielectric properties. This is consistent with the data of our previous studies [5, 6].

On this basis, the purpose of this study was to study the modifying effect of cold plasma on the dielectric
permittivity of human skin samples.

MATERIAL AND METHODS

The experiment was performed on full-layer human skin samples removed intraoperatively during surgical
interventions performed in Sechenov University clinics (n=11). Each sample was divided into 5 equal
fragments, the first of which was a control (no manipulations were performed with it). The remaining four
fragments were treated with gas streams containing non-ionized helium or argon, or cold helium or argon
plasma. The treatment time was 1 minute, the duration of exposure was 5 minutes.

All samples were studied once by the method of near-field resonant microwave sounding using a hardware
and software complex of its own design [5, 6]. The main evaluation indicator was the level of dielectric
permittivity of a biological object [5, 6]. An applicator was used for probing, which allows integrally
examining the dielectric properties of biological tissue at a depth of 5 mm, which corresponded to the size of
the analyzed fragment. All biological tissue samples were obtained after the patients signed informed
consent. The study was approved by Local Ethic Committee of Sechenov University.

Statistical processing of the obtained results was performed using the program Statistica 6.1 for Windows.

RESULTS

It is established that the dielectric properties of the studied samples change significantly under the influence
of the tested gas flows (Fig. 1). Even non-ionized inert gases have an unequal effect on the dielectric
permittivity of skin fragments (p<0.05). Thus, the treatment of biological tissue with a stream of helium
does not shift the indicator under consideration relative to the control level, while the use of argon
significantly reduces this parameter (by 24.3%; p<0.05). It can be assumed that argon treatment of a skin
sample leads to a change in its degree of hydration, in contrast to the helium flow.
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Figure 1. The dynamics of dielectric permittivity of biological samples under the action of inert
gases and cold plasma; («*» - |level of statistical value (p<0.05)

A variable dynamic was found when using cold plasma with various carrier gases (Fig. 1). It was revealed
that for argon cold plasma, as for non-ionized argon, a decrease in the level of dielectric permittivity of a
fragment of human skin is characteristic, but this trend is less pronounced (12.0% vs. 24.3% relative to an
intact sample of biological tissue; p<0.05 for both effects).

On the contrary, the ionization of the helium flow leads to the formation of a modulating effect on the
dielectric properties of human skin fragments, which was not observed for an unchanged inert gas. It was
found that when treated with helium cold plasma, the dielectric permittivity of the studied object increases
by 11.2% compared to the values characteristic of the control sample, with which no manipulations were
performed (p<0.05).
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CONCLUSION

The study made it possible to establish that the treatment of fragments of biological tissue (human skin)
with the considered flows of non-ionized and ionized inert gases (helium and argon) has a significant effect
on the dielectric characteristics of this biological object. At the same time, the identified effects are specific
for each of these effects. In particular, argon and argon cold plasma reduce the dielectric permittivity of the
skin sample, and to a greater extent — non-ionized gas. On the contrary, helium causes an increase in the
studied parameter, but only in the form of cold plasma. This indicates the unequal influence of the
considered physical factors on the morphological structure of the biological sample.

FUNDING

This research work was supported by the Academic leadership program Priority 2030 proposed by Federal
State Autonomous Educational Institution of Higher Education I.M. Sechenov First Moscow State Medical
University of the Ministry of Health of the Russian Federation (Sechenov University).

This study was also particularly supported by Russian Science Foundation (project 22-25-00652).

REFERENCES

1. Chin L, Sherar M. Changes in dielectric properties of ex vivo bovine liver at 915 MHz during heating //
Phys Med Biol. - 2001. - Vol. 46. - P. 197-211. DOI: 10.1088/0031-9155/46/1/314

2. Chin L, Sherar M. Changes in the dielectric properties of rat prostate ex vivo at 915 MHz during
heating // Int ] Hyperthermia. - 2004. - Vol. 20. - P. 517-527.
DOI: 10.1080/02656730310001657738

3. Fu F, Xin S.X., Chen W. Temperature- and frequency-dependent dielectric properties of biological
tissues within the temperature and frequency ranges typically used for magnetic resonance imaging-
guided focused ultrasound surgery // Int. J. Hyperthermia. - 2014. - Vol. 30, N1. - P. 56-65.
DOI: 10.3109/02656736.2013.868534

4. Hayashi Y., Miura N., Shinyashiki N., Yagihara S. Free water content and monitoring of healing
processes of skin burns studied by microwave dielectric spectroscopy in vivo // Phys. Med. Biol. -
2005 - Vol. 50, N4. - P. N8-N14. DOI: 10.1088/0031-9155/50/4/003

5. Martusevich A.K., Krasnova S.Yu., Galka A.G. et al. Near-field resonance microwave sensing as a
method of study of deep structure of burn wound // Sovremennye technologii v meditsine. - 2018. -
10, N3. - P. 109-113. https://doi.org/10.17691/stm2018.10.3.15

6. Martusevich A.K., Nazarov V.V., Surovegina A.V., Novikov A.V. Near-field microwave tomography of
biological tissues: future perspectives // Critical Reviews in Biomedical Engineering. - 2022. - Vol.
50, Iss. 4. - P. 1-12. DOI: 10.1615/CritRevBiomedEng.2022042194

7. Reznik A.N., Yurasova N.V. Near-field microwave tomography of biological medium // J. Tech. Phys. -
2004. - Vol. 74, N4. - P. 108-116.

8. Turchin I.V. Methods of optic biomedical visualization // Uspekhi Physics. - 2016. - Vol. 186, N5. - P.
550-567.



https://doi.org/10.1088/0031-9155/46/1/314
https://doi.org/10.1088/0031-9155/46/1/314
https://doi.org/10.1080/02656730310001657738
https://doi.org/10.1080/02656730310001657738
https://doi.org/10.3109/02656736.2013.868534
https://doi.org/10.3109/02656736.2013.868534
https://doi.org/10.1088/0031-9155/50/4/003
https://doi.org/10.1088/0031-9155/50/4/003
https://doi.org/10.17691/stm2018.10.3.15
https://doi.org/10.17691/stm2018.10.3.15
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-06-2022.html
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-06-2022.html

