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IMPACT OF CORONA DISCHARGE ON SERRATIA MARCESCENS
AND PSEUDOMONAS SYRINGAE INACTIVATION
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This work investigates the influence of corona discharge working in different treatment modes on the Serratia
marcescens and Pseudomonas syringae bacteria cultures. The current-voltage characteristics of the discharge were
measured in the 4...50 pA current range. The typical current and voltage oscillograms of corona discharge were
measured when the pin’s point was near the water surface. Several treatment modes were discovered, which allowed
to destroy or decrease the quantity of Serratia marcescens and Pseudomonas syringae bacteria by several orders of
magnitude using 0.3 W corona discharge. The absorption spectra of the distilled water treated by the corona dis-

charge were measured.
PACS: 52.80.Hc, 52.50.Dg

INTRODUCTION

The spread of drug-resistant bacterial infections,
which make antibiotics ineffective, pushes medical sci-
ence to look for additional therapeutic options that allow
treatment of the different types of infections.

As time goes on, the use of atmospheric pressure
plasma for solving biomedical problems becomes in-
creasingly more popular. Plasma-based disinfection
became a popular alternative to technical sterilization
due to its low cost and high efficiency comparing to
other methods.

The use of low-temperature atmospheric pressure
dielectric barrier discharge plasma for the sterilization
of bacteria was studied in [1]. In addition, the bacteri-
cidal properties of plasma jets produced by the low-
current spark discharges and their influence on E. coli
strains were investigated [1]. The time of treatment by
the low-current spark discharge was ranging from 5 to
60 s. The distance between a plasma source and bacte-
rial growth surface was between 5 and 30 mm [1].

The inactivation of live cells after the short treat-
ment by the ultra low frequency plasma using a radiof-
requency source was investigated in work [2]. Work [2]
aimed at the inactivation of the E. coli with and without
the presence of a magnetic field. The addition of oxygen
and argon into discharge led to the complete inactiva-
tion of the bacteria. The speed of inactivation was in-
creasing with the rise of oxygen concentration. Work
[2] concludes that the survival curve is influenced by
many parameters. The inactivated area was significantly
larger when the oxygen was added to argon using
Ar/3% O, mixture, especially in the case of longer
treatments. In addition, higher oxygen concentration
improved the bacterial inactivation ability of the low-
pressure plasma. The presence of a magnetic field has
been shown to increase the plasma density over the
sample, which increases the sharp inhibition of the re-
sidual survival by the plasma discharge.

Work [3] presented the results of plasma sterilization
of the samples of two etalon bacterial strains Pseudo-
monas aeruginosa ATCC 27853 and Enterococcus fae-
calis ATCC 29212. The power of the plasma-generating
discharge was shown to be less than 2 W, it produced
basic oxygen and nitrogen radicals, which are responsi-
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ble for sterilization. All cases have shown the decrease
of the bacteria concentration by several orders of magni-
tude and destruction of the bacteria with the longest
time of treatment.

The authors of work [4] used the atmospheric pres-
sure air plasma produced by a surface barrier discharge
as an innovative method of fungi inactivation, which
can efficiently replace common chemical disinfection.
The tests were conducted using both a direct air plasma
treatment and an indirect treatment via plasma-activated
water solution. The concentrations of the gaseous ozone
and nitrogen oxides were measured using Fourier-
transform infrared spectroscopy and optical emission
spectroscopy. The direct plasma treatment has shown
higher efficiency of disinfection and spore destruction.
Moreover, an investigation on the production of a wide
range of active oxygen and nitrogen species was con-
ducted [4].

Work [5] provides preliminary experimental studies
of the efficiency of a plasma jet on non-active bacteria.
In this study, E. coli was treated by a plasma produced
from two different gas mixtures (helium and helium
mixed with 0.75% oxygen) for either 30 or 120 s. The
inactivated area increased with the rise of the time of the
plasma discharge treatment and became significantly
larger with the addition of oxygen to helium, especially
for the longer treatment time [5].

Analysis of works [1 - 5] shows that studied samples
are significantly affected after being treated using low-
power plasma discharge. It was determined that the in-
crease of treatment time allows for effective inactivation
of a much larger area.

In previous research, we studied the influence of the
corona discharge on the germination of spores and the
development of higher fungi mycelium [6]. Depending
on the treatment mode, the corona discharge was able to
either speed up or slow down the growth of the higher
fungi mycelium [6]. Works [7, 8] have also shown that
plasma influences the surface tension of liquids.

This work studies the impact of corona discharge on
the infectious properties of bacteria using Serratia
marcescens and Pseudomonas syringae bacteria cul-
tures as samples.
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1. EXPERIMENTAL SET-UP
AND METHODOLOGY

The influence of corona discharge on the inactiva-
tion of Serratia marcescens and Pseudomonas syringae
bacteria was studied using an experimental setup with a
pin-to-ring electrode configuration (Fig. 1).

The internal diameter of the ring was 12 mm and the
diameter of the pin was 0.15 mm. The power source
could supply discharge with a voltage between 0 and
7 kV. The pin was made of tungsten and used as a high-
voltage cathode. The ring was made of stainless steel
and used as a grounded anode. The voltage was meas-
ured using a voltage divider consisting of 1.6 GQ resis-
tance R; and 1.5 kQ resistance R,.

The studies were conducted on the Serratia marces-
cens and Pseudomonas syringae bacterial cultures pro-
vided by the Laboratory of Microbial Ecology of the
Institute of Molecular Biology and Genetics of the Na-
tional Academy of Sciences of Ukraine.

Serratia marcescens is a species of gram-negative
bacteria in the family Yersiniaceae. It is an opportunis-
tic pathogen bacteria that can cause infections in several
sites of the human body. It is a motile bacteria that
grows in a wet environment at temperatures between 5
and 40°C and pH between 5 and 9. It is a facultative
anaerobe. During its life, it produces a red pigment
called prodigiosin.

Pseudomonas syringae is a rod-shaped gram-
negative plant pathogen bacterium with polar flagella. It
causes many plant diseases, including stem cankers,
necrotic leaf spots, and spots and blisters on fruit. Pseu-
domonas syringae has approximately 50 strains that can
infect a large number of different plant species.

The cultures were germinated in the Petri dish at
sterile conditions. 1.4% agar was poured into a Petri
dish and given time to congeal. The inoculation loop
was used to spread the bacterial cultures over the Petri
dish with the optimal treatment radius. The Petri dish
was left for 30 min at room temperature to assure the
diffusion of bacteria into the agar. All manipulations
were done in sterile conditions to prevent contamination
by the outside microflora. Several different treatment
times were used for corona discharge treatment of sam-
ples: 2.5, 5,7.5, 10, 15, and 20 min.

2. RESULTS AND DISCUSSION

The current-voltage characteristics of the corona
discharge were measured (Fig. 2) when the point of the
pin electrode (see Fig. 1, (6)) was located in the plane of
the ring electrode (see Fig. 1, (5)). The breakdown volt-
age of corona discharge was determined to be
(2.7£0.1) kV. Fig. 3 shows the dependence of the aver-
age power of corona discharge on the discharge current.

Figs. 4 and 5 show the typical current and voltage
oscillograms of the corona discharge burning in the air
(see Fig. 4) and burning at the 5 mm distance between
the point of a pin electrode and the surface of the dis-
tilled water (see Fig. 5).

The experiments were conducted in two stages. Dur-
ing the first stage, we selected a wide range of operating
modes while trying to find the optimal conditions for
the treatment of Serratia marcescens. The treatment
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modes of Serratia marcescens bacteria are shown in
Table 1. Fig. 6 shows the photos of the control sample
and the Serratia marcescens samples treated using co-
rona discharge.

10

Fig. 1. Experiment diagram: 1 — Petri dish; 2 — cover;
3, 4 —insulator; 5 — metal ring; 6 — tungsten pin;
7 — ammeter; 8 — voltmeter; 9 — studied sample;
10 — power source
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Fig. 2. Current-voltage characteristic of corona

discharge
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Fig. 3. Dependence of average power of corona
discharge on discharge current

Samples 2.1 and 2.2 feature a small number of colo-
nies created on a periphery of the Petri dish, which indi-
cates the insufficient radius of the corona discharge in-
fluence on the studied samples. In comparison to the
control sample, this operating mode was destructive for
bacteria. Comparison between the samples 3.1, 3.2, and
control has shown that this operating mode of the co-
rona discharge was insufficient for the inactivation of
the bacteria. The operating mode used for samples 4.1
and 4.2 did not inhibit the growth of bacteria and was
not enough to cause the inactivation, as for all cases the
quantity of colonies was comparable with the control
sample.
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For the second stage, we selected the optimal modes
from the previous experiments. The Pseudomonas sy-
ringae was added for the comparison of results. The
treatment modes of Serratia marcescens and Pseudo-
monas syringae bacteria are shown in Tables 2 and 3
respectively.
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Fig. 4. Typical current (blue) and voltage (red) oscil-
lograms of corona discharge in air: voltmeter-measured
voltage U = 6 kV,; ammeter-measured current
1 =40 uA; horizontal section — 10 us/div; voltage
multiplier — 1 kV/mV; current multiplier — 1 uAd/mVv
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Fig. 5. Typical current (blue) and voltage (red)
oscillograms of corona discharge at 5 mm from water
surface: voltmeter-measured voltage U = 7 kV;
ammeter-measured current I = 40 uA; horizontal
section — 5 us/div; voltage multiplier — 1 kV/mV;
current multiplier — 1 uA/mV

Table 1
Modes of treatment for Serratia marcescens bacteria
No LpA | U kV t, min P, W
2.1 40 7.7 10.0 0.30
2.2 40 7.7 10.0 0.30
3.1 40 7.9 5.0 0.31
3.2 40 7.7 5.0 0.30
4.1 40 7.6 2.5 0.30
4.2 40 7.7 2.5 0.30
Table 2
Modes of treatment for Serratia marcescens bacteria
No LpA | U kV t, min P, W
1.1 40 7.5 10 0.3
1.2 40 7.7 15 0,3
1.3 40 7.5 20 0.3
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Fig. 6. Photo of control sample of treated Serratia
marcescens: 2.1, 2.2 — colony after 10 min plasma
treatment; 3.1, 3.2 — colony after 5 min plasma treat-
ment; 4.1, 4.2 — colony afier 2.5 min plasma treatment

Table 3
Modes of treatment for Pseudomonas syringae bacteria
No I, pA U, kV t, min P, W
2.1 40 7.5 5 0.3
2.2 40 7.7 5 0.3
3.1 40 7.5 7.5 0.3
3.2 39 7.6 7.5 0.29
4.1 37 7.8 15 0.28
5.1 39 7.6 10 0.29
5.2 37 7.7 10 0.28
6.1 45 7.3 7.5 0.32
6.2 45 7.3 7.5 0.32
6.3 45 7.5 7.5 0.33

Fig. 7 shows the general view of the Serratia
marcescens colonies on the third day of incubation.
Control K1 features an intensive growth of the bacterial
culture, the colonies are not separated and blend to-
gether. Sample 1.3 features the formation of the separate
negative colonies, which indicates a significantly lower
quantity of bacterial cells in samples and can be ex-
plained by the influence of the physical factor on the
cell survival in these conditions. As such, the corona
discharge treatment of Serratia marcescens bacteria led
to the decrease of the number of surviving cells. The
treatment had a rather interesting impact on the pigment
production by the bacterial cells. Photo of sample 1.3 on
Fig. 8 features an appearance of a metallic shine that is
absent in a control sample, which can indicate that co-
rona discharge influenced the expression of some of the
genes responsible for pigment production.

The influence of corona discharge on the Pseudo-
monas syringae bacteria was investigated. The photos of
control samples of Pseudomonas syringae bacteria and
samples treated by the corona discharge are shown in

185



Fig. 9. Treatment modes 2 and 5 inhibit the culture
growth, however, some cases showed growth on the
periphery of the Petri dish, which indicates the insuffi-
cient radius of the growth medium treatment. Selected
treatment modes at 0.3 W discharge power and 7.5 min
treatment time were destructive, which led to the de-
struction of colonies in samples 3.1 and 3.2 when com-
pared to the control. Sample 4.1 shows the complete
inhibition of the bacterial culture growth in comparison
to the control sample (see Fig. 9).

Fig. 7. General view of Serratia marcescens colony on

3 day of incubation on LB agar medium: KI — control;

1.3 — after 20 min of corona discharge treatment using
1.3 treatment mode with 0.3 W discharge power

Fig. 8. Specific coloring of Serratia marcescens
colonies on 5" day of incubation after 20 min
of corona discharge treatment using 1.3 treatment mode
with 0.3 W discharge power
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Fig. 9. Comparison between control and treated
samples of Pseudomonas syringae bacteria:
a — 5 min treatment time; b — 7.5 mins treatment time;
¢ — 15 min treatment time,; d — 10 min treatment time
6.1

o

Fig. 10. Inﬂence of 7.5 min treatment by' corona dis-
charge on growth of Pseudomonas syringae

Fig. 10 shows the bacterial treatment mode 6. Sam-
ple 6.1 was under a cover and the pin was raised 10 mm
over the sample. Sample 6.2 was without a cover and
the pin was similarly raised to 10 mm over the sample.
Sample 6.3 was without a cover and the pin was at the
level of the Petri dish. Comparison between all samples
shows that corona discharge had a bigger effect on sam-
ple 6.3 when compared with the control. It did not,
however, completely inhibit the growth of bacteria if
compared with the previous modes.
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Fig. 11 shows the absorption coefficient of the
treated distilled water at the different light wavelengths.
Distilled water was treated at a 7 kV discharge voltage
and a 40 pA discharge current. The distance from the
pin to the surface of the liquid was 5 mm.
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Fig. 11. Absorption coefficient of distilled water
at different light wavelength after 20 min treatment

Obtained absorption coefficient dependency on the
wavelength hints at the presence of hydrogen peroxide in
the spectrum between 230 and 250 nm wavelength. The
production of a small amount of hydrogen peroxide is
caused by the low power of the corona discharge.

CONCLUSIONS

Several treatment modes were discovered, which
will allow using 0.3 W corona discharge to destroy Ser-
ratia marcescens and Pseudomonas syringae bacteria in
the treated area or decrease their quantity by several
orders of magnitude.

The minimal treatment time required for the destruc-
tion of Pseudomonas syringae bacteria using 0.3 W
corona discharge is 7.5 min.

A 20-min treatment of Serratia marcescens bacteria
by the corona discharge leads to the appearance of the
metallic shine, which is absent from the control sample.
This probably indicates that corona discharge influences
the expression of some of the genes responsible for
pigment production in the bacteria.
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BJIMSIHUE KOPOHHOTI'O PA3PSJIA HA HHAKTUBAILIUIO
SERRATIA MARCESCENS U PSEUDOMONAS SYRINGAE
O.A. Heowoanwk, H.C. Kom, A.B. Xapuna, U.H. ®eoupuuk

HccnenoBaHo BIUSHUE KOPOHHOI'O pa3psijia Ha OaKTepualbHbIC KYIbTYPHI Serratia marcescens u Pseudomonas
Syringae TIpH Pa3jM4YHBIX peKUMax paboThl. M3MepeHbl BOIBT-aMIICPHBIC XapaKTEPUCTHKUH KOPOHHOTO paspsia B
nuama3oHe TOKOB 4...50 MKA. 3MepeHbl THIUYHBIC OCIMUIOTPAMMBI TOKA W HANPsDKEHUs] KOPOHHOTO pas3psiia B
BO3JyX€ M KOI'Jla OCTpHE OBLIO PACIIONOkKEHO BOJIM3H MTOBEPXHOCTU KHUAKOCTH. OMpeesieHbl PeKUMBI PabOThI, IPH
KOTOPBIX C MTOMOIIBIO 00paOOTKU KOPOHHBIM pa3psaoM MomrHocThio 0,3 BT ymaercs yMEHBIIUTh KOJIMYECTBO OaK-
Tepuil Serratia marcescens u Pseudomonas syringae Ha HECKOJIBKO MOPSAIKOB WU MOJHOCTHIO MX YHUYTOXKUTH.
H3MepeHbI CIIeKTPBI TIOTIIONIeHHS 00pab0TaHHONH KOPOHHBIM Pa3psAIOM TUCTUILTUPOBAHHOMN BOJIBI.

BIIJIUB KOPOHHOTI'O PO3PSITY HA IHAKTUBAIIIO
SERRATIA MARCESCENS TA PSEUDOMONAS SYRINGAE
O.A. Heoubanok, H.C. Kom, A.B. Xapina, I.1. ®edipuux

JlocnmipKkeHo BIUIMB KOPOHHOTO pO3psily Ha OakrepianbHi KynbTypu Serratia marcescens Ta Pseudomonas
syringae 3a pi3HHX PEXKUMIB poOOTH. BHMIipsIHO BOJBT-aMIIEpHI XapaKTEPUCTUKUA KOPOHHOI'O PO3psAy B Aiara3oHi
ctpyMiB 4...50 MKA. BumipsHO THIIOBI OCIIMJIIOrpaMu CTPYMY Ta Halpyrd KOPOHHOTO pO3psily B MOBITpPI Ta KOIU
BicTpst Oyi0 po3TamnioBaHe mo0ONIM3y MOBEPXHi piavHU. BusiBieHO peskuMu poOOTH, TIPH SIKUX 33 JOMOMOTOI0 00po0-
KA KOPOHHHM po3psioM moTykHicTio 0,3 BT BmaeTbcs 3MEHIIMTH KUTBKICTH OakTepiit Serratia marcescens Tta
Pseudomonas syringae Ha nekiyibKa MOPSAKIB a00 MOBHICTIO X 3HUIIMTH. BUMIipsSHO CIIEKTpH MOTJIMHAHHS 00p00-
JIEHOI KOPOHHHUM PO3PS/IOM JAUCTUIILOBAHOI BOIH.
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