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Abstract. In our study, a plasma torch was used through gas flow and discharge to observe the change in the sterilization
of the water in which there are bacteria, especially Escherichia coli bacteria, to obtain the best sterilization taking into
account the standard time, which amounted to one minute.

It was found through the work that there are types generated from the plasma flame that are active such as ( NO, H,0,),
which has an important role in killing bacteria and sterilizing water.
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INTRODUCTION

Plasma is an ionized gas that has an ionized state of partial or total gas, and it represents a mixture of photons and
ions in addition to atoms and electrons[1].

Through previous studies, several methods have been used for sterilization and removal of contamination of both
types (bacterial, viral), this depends on the efficiency and accuracy of examination and diagnosis, this leads to the
destruction of these bacteria so that they are completely or partially destroyed, and thus pollution is eliminated
inside and outside the body[2].

Plasma is one of the modern medical applications, especially cold plasma, which is one of the types of jet plasma,
which plays an important role in getting rid of bacteria that cannot be easily eliminated through traditional
methods][3].

In plasma physics, it was shown that atmospheric pressure plasma has a fundamental role in treatment and
industrial deposition, as in thin films, which have a distinct property that makes them used in the sterilization of
bacteria, especially Escherichia coli bacteria[4].

Escherichia coli bacteria spread widely in nature, polluted places, hospitals and health centers, and cause
infections and injuries[5]. They may cause large infections spread in the form of colonies and in contaminated water
and fermentation[6,7].

Experiment and Re-Install It Practically

Cold plasma at atmospheric pressure is considered one of the easy applications for medical and industrial work
due to its low cost. It is a material that is sensitive to temperature and does not cause harm to all materials that it
touches because it works at normal temperature (room temperature), including a plasma torch that works with argon
gas or helium, which is non-thermal[8].

Figure (1) shows the design of the plasma torch, which is a cylindrical tube from which the needle is made and
designed with a material of ordinary glass with a length of (120 mm) and a circular diameter of (1.5 mm), inside this
glass material is an iron tube with a diameter of (2.7 mm).

The iron tube is connected to a power source (6.9 KV) with specific current values and a frequency (22 kHz), this
is considered a positive electrode through which the argon gas is passed to the needle in order to create the plasma
used in the experimental work.

3rd International Conference on Engineering and Science
AIP Conf. Proc. 3051, 020014-1-020014-5; https://doi.org/10.1063/5.0191668
Published by AIP Publishing. 978-0-7354-4808-7/$30.00

020014-1

12:50:61 ¥20z Ateniged 9|


mailto:dr.mohamed.o.hussen@uoanbar.edu.iq

FIGURE 1. Plasma needle & glowing torch

EXPERIMENTAL WORK

In laboratory work, the bacteria were isolated by taking drops of water contaminated with Escherichia coli, after
isolation and cultivation, they were exposed to non-thermal plasma to see the effect of cold plasma before and after
treatment[9].

The results showed bacterial growth without exposure to plasma, while that was exposed to plasma. The physical
study showed that this type of plasma and plasma parameters have an important and essential role in affecting the
volume of sterilization that was performed[10]. This was shown through incubation in the laboratory for a full day
(24 hours) when exposed to cold plasma.

RESULTS & DISCUSSION

The Role of Gaseous Flow on Bacterial Inhibition

In figures (2 and 3), the flow rates of argon gas were used for different values, after determining the temperature
of the gas using a thermometer , from various dimensions of the plasma electrode and its torch.

Through non-thermal plasma parameters such as time, distance, voltage and frequency, in addition to the flow of
Argon gas (1-5 liters / min).. The plasma torch was directed at Escherichia coli bacteria present in the isolated water
in the laboratory, through a frequency (22 kHz) , applied voltage Up to (1.75 kv), time (10-50 seconds), and torch
distance (2.5 cm).

The high flow of argon gas causes the particles to accelerate and penetrate into the outer wall of bacteria, this
leads to the disruption of the bacterial wall and its destruction by the plasma torch. Through figures (2, 3) the role of
the presence of bacteria and the percentage of decrease appears with the effect of the flow of argon gas, as the
plasma torch has an important role in the interaction of the particles and the distribution of the charge on the cell and
the outer membrane, thus the destruction of this wall and the liberation of the cytoplasm, and this causes the
destruction of the cell and its non-survival[11].
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FIGURE 2. The effect of argon gas flow on the survival of Escherichia coli bacteria
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FIGURE 3. The effect of argon gas flow on the reduction of Escherichia coli bacteria

The Role of Voltages Applied to Bacterial Inhibition

Figures (4,5), under constant laboratory conditions, at a plasma torch distance (2.5 cm) and a frequency and
voltage (22 kHz, 1.75 kV), respectively. It appears that the plasma torch has an important role in inhibiting
Escherichia coli bacteria that are abundant in hospitals and contaminated water.

With the change of time and the flow of Argon gas to create a non-thermal plasma capable of reducing and
inhibiting these bacteria, it is evident that when the treatment time increases for each case of applied voltage, the
percentage of bacteria decrease increases with the increase in the treatment time with this type of cold plasma. This
is shown in Figures (4,5) during the theoretical , practical conditions and studies of the experiment.
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FIGURE 4. The role of applied voltage on the survival of Escherichia coli
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FIGURE 5. The role of applied voltages on the decrease of Escherichia coli bacteria

Figure (6) shows the role of the plasma torch in the decrease of the bacteria Escherichia coli, it turns out that the
high voltage applied and the role of charged particles is an important [12] , essential factor for the destruction of the
cell membrane, that the applied voltage with a high degree of ionization generated an increase in the reaction
intensity, that charged particles and particles such as (H202, OH ) a significant role and effect in destroying the cell
wall and thus sterilizing the water from these bacteria and changing their path[13,14].

FIGURE 6. Bacterial decline of Escherichia coli with variable times

a: 10 sec. ; b: 20sec.; c: 30sec. ; d: 40sec.

CONCLUSIONS

Non-thermal plasma is considered one of the important applications in medicine and the environment. At
atmospheric pressure, Argon plasma is created at the lowest cost to generate an electric field and gaseous ionization
used to remove environmental pollution and kill bacteria.

By measuring the applied voltage and the flow of Argon gas, a plasma torch was used for bacterial sterilization, it
was found that the increase in this flow and voltage leads to a high speed of the active materials( OH,H202) , their
penetration of the wall of Escherichia coli bacteria, and thus inhibition of these bacteria.

REFERENCES

1. Bellan PM (2006) ,"Fundamentals of plasma physics", . Cambridge University Press.

2. Messer P., Halfman .H., Czichy M., Schultze M., Awakowicz P.: "Plasma sterilization and surface
modification of thermolabile materials",. Proc. of the 2005 TMS Annual Meeting, SanFrancisco, 2005,
205-215.

020014-4

12:50:61 ¥20z Ateniged 9



10.

11.

12.

13.

14,

G. Lloyd, G. Friedman, S. Jafri, G. Schultz, A. Fridman, and K. Harding, “Gas plasma: Medical uses and
developments in wound care,” Plasma Process. Polym. 7, 194-211 (2010).

D. O’Connell, L. J. Cox, W. B. Hyland, S. J. McMahon, S. Reuter, W. G.Graham, T. Gans, and F. J.
Currell, “Cold atmospheric pressure plasma jet interactions with plasmid DNA,” Appl. Phys. Lett. 98,
043701 (2011).

Mohammed .U. Husain, Thaer Abdullah Hasan ,Yasir Merie Nayyef,"Sterilization of Staphylococcus
aurous by an Atmospheric non-Thermal Plasma needle ",HIV Nursing ,23 (2); p.p 272-276,2023

HU Miao & GUO Yun, Plasma Science and Technology, 14, Aug.( 2012) 8.

E. Jawetz, J.L. Melnick, E.A.Adelberg, Review of medical microbiology, Cha.16, Enterobacteriaceae,
Prentice-Hall International, 24 (2007).

Mohammed U. Hussein,” Plasma Needles on the Teeth Structure and Compressibility",. The Arab Journal
of Sciences & Research Publishing, Vol. 2 - Issue (4): 2016, 5, 15 P. 46-50; Article no: AJSRP/M15216..
Kennedy LA, Fridman A." Plasma physics and engineering”, 1st edn. Taylor & Francis Group,pp. 860.
2004.

M.U.Hussein and R.T.Mohsen , "Ambient Decontamination by Non-Thermal Plasma in Atmospheric
Pressure Air ,", in journal of physics : Conference Series ,2017,vol.1032,n0.1,p.12032.

Hahnel, M., von Woedtke, T. & Weltmann, K. D.". Influence of the Air Humidity on the Reduction of
Bacillus Spores in a Defined Environment at Atmospheric Pressure Using a Dielectric Barrier Surface
Discharge. Plasma Processes and Polymers, Vol. 7, pp. 244-249, 2010.

Kuchenbecker, M., Bibinov, N., Kaemlimg, A., Wandke, D., Awakowicz, P. and Viol, W. 2009.
"characterization of DBD plasma source for biomedical applications",. J.Phys. D:Appl.phys., 42,045212.
Backer, M. 2007. Development and characterization of a plasma- needle for biomedical applications,
diploma thesis submitted of the Hochschule Aachen, pp 34— 55, August.

Abbas, 1.K., Hussein, M.U. ,"The effect of non-thermal plasma needle on staphylococcus aureus bacteria™
,Biochemical and Cellular Archives, 2018, 18(2), pp. 1767-1771

020014-5

12:50:61 ¥20z Ateniged 9|


https://doi.org/10.1002/ppap.200900097
https://doi.org/10.1063/1.3521502
https://doi.org/10.1002/ppap.200900076
https://doi.org/10.1088/0022-3727/42/4/045212

