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The influence of low-temperature plasma on the electromagnetic 
spectrum structure of the selected liquid 

 
 
Abstract. The aim of the research was to parameterise the degree of influence of low-temperature plasma on the structure of the electromagnetic 
spectrum in the visible light range of a selected fluid, which, after being parameterised, will constitute a benchmark marker of the analysed 
interaction. The scope of the research included the generation of plasma water in a plasma generator, the intensity of which was the differentiating 
element. The fluid so prepared was subjected to spectral analysis. Subsequently, water of varying interaction degree was used to prepare a medium 
for microorganisms, the growth of which was monitored by measuring the optical density of the solution. Differences were also observed in the 
kinetics of microbial growth, which developed in water subjected to cold plasma interaction and in water without this interaction. The measured 
optical density after a 6-fold exposure and 50-hour incubation was 3.72 McF and was 1.93 McF lower than that of the reference sample (without 
exposure). 
 
Streszczenie. Celem badań było sparametryzowanie stopnia wpływu plazmy niskotemperaturowej na strukturę widma elektromagnetycznego w 
zakresie światła widzialnego wybranej cieczy, która po sparametryzowaniu będzie stanowiła wyznacznik analizowanej interakcji. Zakres badań 
obejmował wytworzenie w generatorze plazmy wody, której intensywność była elementem różnicującym. Tak przygotowany płyn został poddany 
analizie spektralnej. Następnie woda o różnym stopniu interakcji została wykorzystana do przygotowania pożywki dla mikroorganizmów, których 
wzrost był monitorowany poprzez pomiar gęstości optycznej roztworu. Zaobserwowano również różnice w kinetyce wzrostu mikroorganizmów, które 
rozwijały się w wodzie poddanej interakcji z zimną plazmą oraz w wodzie bez tej interakcji. Zmierzona gęstość optyczna po 6-krotnym naświetlaniu i 
50-godzinnej inkubacji wynosiła 3,72 McF i była o 1,93 McF niższa niż w przypadku próbki referencyjnej (bez naświetlania). (Wpływ plazmy 
niskotemperaturowej na strukturę widma elektromagnetycznego wybranej cieczy) 
 
Keywords: cold plasma, electromagnetic spectrum structure, microorganisms 
Słowa kluczowe: zimna plazma, struktura widma elektromagnetycznego, mikroorganizmy 
 
 

Introduction 
 The use of cold plasma in life sciences and medicine 
focuses on its antimicrobial properties. This research is 
carried out in two directions: sterilization effects, e.g. in the 
treatment of human infections, and the possibility  
of microbial decontamination of food and plant seeds and 
bulbs [1]. Cold plasma is assumed to occur in the energy 
range from 0.2 eV to 3 eV, which corresponds 
approximately to the temperature range from 2000 K to 30 
000 K (l eV = 11600 K). Low-temperature plasma is usually 
a slightly ionized gas with a high or very high content of 
neutral particles. The importance of these particles, e.g.: in 
the collision process, is crucial for the behavior of plasmas 
of this type [2]. Characteristic for CAP, the low temperature 
of the process together with the generated properties: 
biomodulating, stimulating, disinfecting and sterilizing; 
enables its use in medicine [3, 4, 5], food technology [6, 7] 
and environmental protection. The fundamental use of cold 
plasma in life sciences and medicine focuses on its 
antimicrobial properties. This research is carried out in two 
directions: sterilization effects, e.g. in the treatment of 
human infections, and the possibility of microbial 
decontamination of food and plant seeds and bulbs [1].  
 There are several studies on the use of cold plasma 
technology for seed decontamination [8,9,10,11]. The action 
of cold plasma causes modification of the physico-chemical-
mechanical plasma environment, which is especially true for 
liquids [12,13,14]. Elimination of microorganisms is also 
explained by changes in the pH of the environment. Liu et al 
[15] subjected water with a bacterial suspension of S. 
aureus to plasma exposure in a microJET system. Direct 
plasma treatment, during which the pH of the environment 
was changed, effectively inactivated S. aureus within 20 
min. The best sterilization effect was obtained at pH 4.5. 
According to the authors, the killing of bacteria was due to 
the change in acidity of the fluid and the interaction of 
reactive compounds generated by the plasma, mainly 
hydroxyl radical (HOO-) with the cell. The use of cold 
plasma in microbial decontamination of food products 

simultaneously preserves the basic attributes of the 
product. The properties of the plasma are determined by 
four basic parameters: temperature, pressure, 
thermodynamic equilibrium and degree of ionization. For 
technological purposes, plasma is produced by means of 
electrical discharges. There are three basic electrode 
configurations in barrier discharges that lead to: 1) volume 
discharges (VD), 2) surface discharges (SD), and 3) 
coplanar discharges (co-planar discharges). There are also 
reactors built with all of the above mentioned discharges 
[16]. A very important parameter in the use of cold plasma 
technology is the method of determining the input and 
output parameters of the medium that is subjected to the 
above mentioned process. The determination of the method 
and the determination of the boundary conditions of the cold 
plasma interaction of the realization with the biological 
agent response will allow to model the process in a 
continuous way, which will be realized automatically. 
 
Material and methods 
 
 The aim of the research was to parameterize the degree 
of influence of low-temperature plasma on the structure of 
the electromagnetic spectrum in the visible light range of a 
selected fluid, which, after parameterization, will serve as a 
benchmark marker of the analyzed interaction. The scope 
of the study included the generation of plasma water in a 
plasma generator, the intensity of which was the 
differentiating element. The fluid prepared in this way was 
subjected to spectral analysis, which was carried out with 
an Exemplar spectrometer, in the wavelength range from 
350 to 1050 nm, and on a bench equipped with a multi-
channel spectrophotometer C5964 from Hammatsu, which 
allows the analysis of the spectral structure in the visible 
range [12]. In addition, water with varying degrees of 
interaction was used to prepare a medium for 
microorganisms whose growth was monitored by measuring 
the optical density of the solution.  
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 In this study, a cold plasma generator was used, which 
is constructed with two half bridges in H configuration on 
MOSFET transistors feeds a resonant circuit with a high 
voltage transformer (Fig.1). The secondary winding supplies 
the ionizing electrode with 7.5kV. The sinusoidal waveform 
of the generator is modulated with adjustable frequency in 
the range of 0 - 350Hz and adjustable pulse filling of 0-
100%. The tests were carried out with a frequency of 175Hz 
and a pulse filling ratio of 50%. The degree of influence of 
cold plasma on the fluid was controlled by the multiplicity of 
its influence. In the experiment, the number of times the 
fluid passed through the cold plasma generator was 
determined to be 1 to 6, the zero test was the fluid without 
cold plasma interaction. The fluid flow rate through the 
generator was 0.9 l/min.              
 

 
Fig. 1. View of laboratory station for cold plasma interaction 
 
 The fluid used for the study was spring water whose 
turbidity was 0.13 NTU, hydrogen ion concentration (pH) 
8.0, electrical conductivity 603 μS/cm, total hardness 282 
mg/l CaCO3, nitrates 33.6 mg/l, chlorides 69 mg/l, coliforms 
0, these values were determined by a laboratory accredited 
by PCA with accreditation number AB521.  
 Water of varying intensity of cold plasma exposure was 
the medium composition for microorganisms, where then 
their life cycle was analyzed as a function of time. 
Enterococcus faecalis strain ATCC 29212 (Figure 2) from 
the strain collection of the Experimental Research 
Techniques Laboratory of Raw Materials and Biological 
Products was used in this study. In order to restore vital 
functions, a reductive culture was performed on TSA solid 
medium (BioMaxima, Poland) in Petri dishes. The plates 
were incubated for 24 h at 37 °C. 
 

 
 
Fig. 2. View of the microorganisms used in the experiment 
 
 Nutrient Broth liquid medium (BioMaxima, Poland) was 
prepared from plasma water. The liquid medium was 
inoculated with Enterococcus faecalis ATCC 29212 
obtaining an initial optical density of 0.35 McF. The culture 
was carried out at 37 C for 7 days. Optical density was 
measured every 24 hours using a DEN-1B densitometer as 
in [19,20]. 
 

Results 
 There was a variation in the spectral characteristics 
between water without and with cold plasma exposure. 
Figure 3 shows the characteristics of the water before cold 
plasma exposure where the highest value of 7757.25 mV is 
recorded at 806 nm with an average value of 5533.13 mV 
and a standard deviation of 1286 mV. 
 

 
 

Fig. 3. Spectral characteristics of water before cold plasma 
exposure  
 
 Analyzing the values obtained after six times of cold 
plasma exposure, it was noted that the maximum value  
was characterized by the same wavelength (806 nm), but 
the value of radiation intensity was higher than that of water 
before cold plasma exposure by 14.9% and was 9120.79 
mV (Figure 4). Also in the mean value there was a variation, 
which described by relative value was more than 17%, it 
should also be noted that the water after cold plasma 
interaction was characterized by greater variation, which 
expressed by standard deviation was 1463.19 mV. 
Therefore, despite the apparent similarity of the two spectral 
characteristics, it is possible on their basis to identify the 
water that has been exposed to cold plasma. 
 

 
Fig. 4. Spectral characteristics of water after six times cold plasma 
exposure  
 
 Next, the prepared water was used to prepare media for 
Enterococcus faecalis ATCC 29212 microorganisms, the 
number of combinations of the experiment remained 
unchanged. Analyzing the kinetics of microbial growth on 
media where water with different degree of plasma 
treatment was used and water where this interaction was 
absent. A very clear variation was found between 40 and 80 
hours of microbial incubation. In this interval, the highest 
number of microorganisms was recorded for the zero 
sample (water without plasma treatment) and the lowest for 
the sample in which water after six times of plasma 
treatment was used (Figure 5). 
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Fig. 5. . View of the microorganisms used in the experiment 
 
 It should also be noted that a lower multiplicity of 
exposure (threefold exposure) of cold plasma to the water 
that was used to make the media had a stimulating effect 
beyond 120 hours of incubation of microorganisms 
compared to the control sample. Figures 6 and 7 show the 
spectral analysis of the suspension with microorganisms 
that diluted in water without plasma interaction (6) and in 
water that was exposed six times to the cold plasma 
generator (7). It should be noted that the measurement was 
made after a 50 hour incubation, where the optical density 
of the suspension in the case of the zero sample (without 
cold plasma interaction) was about 5.5 McF, while the 
optical density of the suspension after cold plasma 
interaction (six times interaction) was about 4.0 McF. 
 

 
Fig. 6. Spectral characteristics of the suspension  
of microorganisms for which water was used before cold plasma 
interaction 

 
Fig. 7. Spectral characteristics of the suspension  
of microorganisms for which water was used after six times cold 
plasma exposure 
 

Analyzing the optical characteristics shown in Figures 6,7, it 
was found that higher intensity values were recorded for the 
suspension without cold plasma treatment compared to the 
values recorded for the suspension that was treated with 
cold plasma six times. However, it should be noted that the 
differences recorded are much smaller than for water alone. 
 The relative difference in maximum values was about 
10%, while in minimum values it was only 6%. As in the 
case of water, the suspension also reached its maximum 
intensity at the same wavelength, which in this case was 
682 nm, lower than that of pure water. 
 Figure 8 identifies the intensity of the light penetration 
signal in relation to the intensity of the cold plasma 
generator interaction with the liquid. The description 0.1 
means that reference was made to trial zero (without the 
interaction of the cold plasma generator), variant one and 
each subsequent number, is the next variant of the 
experiment. It is noted that up to a wavelength of 350nm, 
the radiation intensity is the same for each variant and is 
below 250 mV.  
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Fig. 8. Electromagnetic wavelengths identified after passing 
through a fluid with different plasma levels 
 
 A clear differentiation was read from a wavelength of 
600nm. For samples zero, one, two and four, the intensity 
gradually increases as the wavelength changes to a longer 
wavelength. After the radiation intensity reached a 
maximum at a wavelength of about 900nm, the intensity 
began to decrease similarly for each sample. The lowest 
intensity over the entire experiment was read for sample 
three. Less than 4250 mV was obtained at 800nm. Nor was 
a maximum intensity above 9000 mV obtained as for the 
other trials. The highest intensity values were read for trial 
five and six.  The maximum intensity value of the signal 
radiation was read when the wavelength exceeded 800nm 
and was above 9000 mV. The intensity was unchanged up 
to a wavelength of 1000nm. It then began to slowly 
decrease, but was still higher than the other samples. It was 
noted that the liquid that was exposed to the cold plasma 
generator five and six times showed the highest signal 
radiation intensity and it persisted the longest in relation to 
the wavelength change. 
 
Conclusion 

Preliminary studies showed an indirect effect of cold 
plasma exposure on the growth of microorganisms that 
developed on the medium after cold plasma exposure. The 
optical density after 6-fold exposure and 50-hour incubation 
was 3.72 McF and was 1.93 McF lower than the reference 
sample (without exposure). Thus, there is an opportunity to 
use cold plasma technology to model the kinetics of 
microbial growth and selective growth of different microbial 
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strains at different stages of incubation. Parameterization of 
this phenomenon will require further studies necessary to 
model the interaction of microbial incubation kinetics - the 
spectral characteristics of the suspension with 
microorganisms and the intensity of cold plasma interaction. 
 
Acknowledgement 
Funded by a subsidy of the Ministry of Education and 
Science for the Agricultural University of Hugo Kołłątaj in 
Krakow for 2022. 
 
Authors: Paweł Kiełbasa Associate Professor, University of 
Agriculture in Krakow, Faculty of Production and Power 
Engineering, Balicka Av. 116B, 30-149 Krakow,  
E-mail:pawel.kielbasa@urk.edu.pl; Tomasz Dróżdż Associate 
Professor, University of Agriculture in Krakow, Faculty  
of Production and Power Engineering, Balicka Av. 116B, 30-149 
Krakow, E-mail:tomasz.drozdz@urk.edu.pl; Anna Miernik MSc Eng, 
University of Agriculture in Krakow, Faculty of Production and 
Power Engineering, Balicka Av. 116B, 30-149 Krakow,  
E-mail: anna.miernik@urk.edu.pl; Sławomir Kurpaska Professor, 
University of Agriculture in Krakow, Faculty of Production and 
Power Engineering, Balicka Av. 116B, 30-149 Krakow,  
E-mail:slawomir.kurpaska@urk.edu.pl; 
 

REFERENCES 
[1] Laskowska M Bogusławska-Wąs E Kowalna P Hołub M 

Dąbrowski W 2016 Skuteczność wykorzystania 
niskotemperaturowej plazmy w mikrobiologii i medycynie. Post. 
Mikrobiol., 55, 2, 172–181. 

[2] Stryczewska HD 2011 Technologie zimnej plazmy. 
wytwarzanie, modelowanie, zastosowania. Elektryka, 1(217), 
41-61. 

[3] Graves DB2 014 Reactive species from cold atmospheric 
plasma: implications for cancer therapy. Plasma Process. 
Polym. 11, 1120–1127, 2014. 

[4] Kim JY Ballatob J Foy P Hawkins T Wei Y Li J Kim SO 2011 
Apoptosis of lung carcinoma cells induced by a flexible optical 
fiber-based cold microplasma. Biosens. Bioelectron. 28, 333–
338. 

[5] Jiang C Chen M-T Gorur A Schaudinn C Jaramillo DE 
Costerton JW Sedghizadeh PP Vernier PT Gundersen MA2009 
Nanosecond pulsed plasma dental probe. Plasma Process. 
Polym. 6, 479–483, 2009.  

[6] Vojnov G Golovach A 2011 The effectiveness of microwave 
pre-sowing treatment of seeds of winter rape (in Russian), 
Agrarian econom,. Minsk., 4, 55-59. 

[7] Pietruszewski  S Muszyński  S Dziwulska A 2007 
Electromagnetic fields and electromagnetic radiation as non-
invasive externalstimulants for seeds (selected methods and 
responses. Int. Agrophys. 21(1), 95–100. 

[8] Pushkina NV Ljubeckij NV Karpovich VA 2014 Modified method 
of presowing microwave treatment of seeds (in Russian). News 
of Science and Technology, 2(21), 36-40. 

[9] Grabowski M Hołub M Balcerak M Kalisiak S Dąbrowski W 
2015 Decontamination of black pepper powder using dielectric 
barrier discharge systems in atmospheric pressure. Jpn. J. 
Appl. Phys. 1, DOI: 10.13140/2.1.1798.5287,  

[10] Wiktor A Śledź M Nowacka M Witrowa-Rajchert D 2013 
Możliwości zastosowania niskotemperaturowej plazmy w 
technologii żywności. Żywn. Nauka Technol. Jakość, 5, 5–14. 

[11] Hertwig C Leslie A Meneses N Reineke K Rauh C Schlüter O 
2017 Inactivation of Salmonella Enteritidis PT30 on the surface 
of unpeeled almonds by cold plasma. Innovative 376 Food 
Science and Emerging Technologies, 44, 242–248. 

[12] Hertwig C Reineke K Ehlbeck J Knorr D Schlüter O 2015 
Decontamination of whole black pepper using different cold 
atmospheric pressure plasma applications. Food Control, 55, 
221–229. 

[13] Mošovská S Medvecká V Gregová M Tomeková J Valík Ľ 
Mikulajová A Zahoranová A 2019 Plasma inactivation of 
Aspergillus flavus on hazelnut surface in a diffuse barrier 
discharge using different working gases. Food Control, 104, 
256–261. 

[14] Medvecká V Mošovská S Mikulajová A Valík Ľ Zahoranová A 
2020 Cold atmospheric pressure plasma decontamination of 
allspice berries and effect on qualitative characteristics. 
European Food Research and Technology, 246(11), 2215–
2223. 

[15] Rybiński W 2001 Influence of laser beams combined with 
chemomutagen (MNU) on the variability of traits and mutation 
frequency in spring barley. Int. Agrophys. 15(2), 115–119. 

[16] Shmigel VV 2004 Separation and stimulation of seeds in an 
electric field (in Russian). Diss. Doc. tech. sciences. Specialty 
05.20.02. Electrification of agricultural production. Kostroma, 
405. 

[17] Osincev EG 2009 A study of the process of separation of whole 
and microinjured cereal seeds in an electric field (in Russian). 
Thesis Cand. Tech. Sci. 05.20.02. Elecro-technology and 
electrical equipment in agriculture. Chelyabinsk, 129. 

[18] Liu F Sun P Bai N Tian Y Zhou H Wei S Zhou Y Zhang J Fang 
J 2010 Inactivation of bacteria in an aqueous environment bya 
direct-current, cold atmospheric-pressure air plasma microjet. 
Plasma Process. Polym. 7, 231–236 

[19] Korzeniewska, E., Szczesny, A., Lipinski, P., Dróżdż T., 
Kiełbasa P., Miernik, A., Politowski, K.: Textronics Interdigitate 
Electrodes for Staphylococcus Aureus bacteria detecting. 
Journal of Physics: Conference Seriesthis link is disabled, 
2021, 1782(1), 012015 

[20] Korzeniewska, E.; Szczęsny, A.; Lipiński, P.; Dróżdż, T.; 
Kiełbasa, P.; Miernik, A. Prototype of a Textronic Sensor 
Created with a Physical Vacuum Deposition Process for 
Staphylococcus aureus Detection. Sensors 2021, 21, 183. 
https://doi.org/10.3390/s21010183 

 
 


