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The dependency of the inhibition zone size on the needle geometry and angle between needle and plane in plane
to needle electrode configuration was studied. Needles bent at angles from 0° (straight one) to 90° were used to
study both negative and positive corona discharge treatment of the surface contaminated with Candida albicans
yeasts.Inhibition zones shape and size changes were studied for positive and negative corona discharge. Ellipsoidal
shape was characteristic for all treated samples in case of positive corona treatment, while the three-segment shape
was observed for higher angles in case of negative corona discharge.

PACS: 52.80.Hc, 87.50.C-, 87.19.xg

INTRODUCTION

Nowadays well known decontamination effects [1],
wound care and tissue treatment capabilities [2, 3] of
low temperature plasma leads to study properties of
many different decontamination techniques and devices.
It is important to develop easy to use devices with the
rapid decontamination effect and with large treated area.

Despite the fact that there are many articles about
the atmospheric pressure nonthermal plasma (apNTP)
decontamination, the exact decontamination
mechanisms have not been precisely determined yet.
The main decontamination agents are nitrogen and
oxygen reactive species, charged particles, radicals,
ozone, UV radiation. [1] However, contribution of the
UV radiation is uncertain [4].

In this experiment dependency of inhibition zone
size on the needle geometry, particularly on the needle
bent angle, was studied. Simple point-to-plane electrode
configuration device was used. The point electrode was
realized by a bent needle. The plane one was an agar
surface contaminated by Candida albicans yeasts.

1. EXPERIMENT

APPARATUS

A simple apparatus with a bent needle and the plane
electrode as apNTP source was used. Point electrode
was created by bending an ordinary intramuscular
needle of 0.6 mm diameter. The plane electrode was
realized by ion conducting cultivation medium
(Sabouraud agar) in a Petri dish connected to electric
circuit by copper stripe.

DC high voltage power supply (UTES HT 2103)
with maximal voltage 10 kV was used. Ammeter and
voltmeter were integrated parts of the power supply. A
ballast resistor (10 MQ) was used to limit current in the
electric circuit. Experimental setup and electric circuit is
depicted in Fig. 1.

The dependency of inhibition zone size and its
spatial arrangement on bent angle of needle-shaped
electrode was studied. Unbent needle, used as a
reference was placed perpendicularly to the agar
surface. Needle bent angles 30, 45, 60, 80 and 90° were
chosen (Fig. 1). Time limit for each exposition was set
to 10 min. The distance between plane and point
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electrodes was set to 7+2 mm to keep current at constant
value of I e =100 pA.

Fig. 1: Experimental setup — point-to-plane electrode
configuration. Bending point x and needle tip y is
projected to x' and y' point respectively

TREATED SAMPLES

To examine decontamination properties of apNTP
Candida albicans yeasts were used. Initial solution was
diluted (10° CFU/cm?) in sterile water with ratios 1:100
and 1:1000 and spread onto cultivation medium. As
soon as the agar surface got dry it was treated by
discharge with unique polarity and bent angle. The
samples were analyzed after overnight cultivation in
thermostatic chamber at 37 °C.

Fig. 2: Negative (left) and positive (right) corona
discharge. The parasite discharge at the elbow for 90°
bent needle (left) and discharge at the needle edges
for 80° bent needle (right)

DISCHARGE
The shape of visible discharge channel was changed
by the needle geometry. The bell shape was typically
formed in case of negative corona discharge, however
the curved thin channel was observed in case of positive
one. The parasite discharges at the needle elbow or
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edges could appear for large angles (Fig. 2). This effect
was caused by the shorter distance between secondary

ionization area and plane electrode surface in
comparison to dominant one.
2. RESULTS
NEGATIVE CORONA

The area with visibly inactivated yeasts had a specific
shape, that could be divided into three regions (Fig. 3).
The inferior zone was the region under the needle and
was decontaminated by invisible discharge over the
whole needle length. The main inhibition zone was
discovered under the needle tip. It was caused by the
dominant discharge channel. The last one (the front
zone) appeared for some angles in front of the main
discharge zone. The decontamination of this region was
probably caused by discharge products similarly as in
case of indirect plasma treatment

ve corona
discharge with 80° needle-electrode bent angle.
Ix— length of inferior zone, Sg — main inhibition area,
Ic — length of front zone.

The shape of decontaminated area highly depended
on a needle bent angle (see Fig. 4). The main inhibition
zone seemed to be ellipsoidal for all needle-electrodes,
but the inferior area (A) appeared only for angles 45°
and higher.

The circular shape of total inhibition zone was
appeared up to 30° angle. The inferior zone was
undetectable for 30° and 45° needle bent angles, but
started to be clearly visible for 60° and was maximal for
90° (see Fig. 4, blue line). The front zone started to be
detectible for 45° and it was maximal for 60°.

Area [cm.cm]

Length [cm]

45° 60° 80° 90°

Bent angles

0° 30°

Fig. 4: Dependency of zones parameters on needle bent
angle. 15, Sg and Ic stands for inferior, main and front
inhibition zone respectively. St means the total
decontaminated area.
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Fig. 5. Shapes of inhibition zones for negative corona
discharge treatment for 80° (left) and 90° (right) angle.

POSITIVE CORONA

The positive corona discharge treatment created an area,
that was eminently different compared to negative
corona treatment. The inhibition zone was approximated
by ellipse for evaluation. Ellipsoidal shape of the main
inhibition zone was observed even for the unbent
needle.
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Fig. 6: Dependency of decontaminated area and eccen-
tricity on needle bent angle for positive corona
discharge.

Decontamination zone (expanding in front of the needle
tip) increased with the needle bent angle (see Fig. 6). No
inferior region was observed.

e N A
Fig. 7: The dependency of shape and size of inhibition
zone on the needle bent angle for positive corona

discharge (30°, 60° and 80°).
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The parasite discharge effect was observed in 80° and
90° cases (see Fig. 7), when the high bent angle made
the needle tip to be further from agar surface then the
needle edges. These discharges treated a small circle
area, that was not linked to the main inhibition zone (see
Fig. 7, right).

The current of positive corona discharge was hard to
stabilize for constant value of 100 pA due to
deformation of agar surface by ionic wind.

CONCLUSIONS

The simple change of electrode geometry affected
strong increase of the growth inhibition zone.
The area decontaminated by negative corona discharge
could be divided into parts according to physical
parameters of discharge. The positive corona
decontaminated area was ellipsoidal for all treated
samples. This geometry could be used to study indirect
effect of corona discharge treatment.
Total area decontaminated by negative corona discharge
maximum was observed for the needle bent 60° angle.
The front decontaminated zone got its maximum at the
same angle. The main inhibition zone right under the
needle tip decreased with increasing angle.
Positive corona treatment caused increasing of the total

decontaminated area while the radius ratio stayed at the
same level.
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OBE33APAKUBAIOIIAN 3®®EKT KOPOHHOT' O PA3PSIA
ITPU KOHO®UT'YPALIMH DJIEKTPO/JIOB — U3OT'HYTAS UT'JIA K IOBEPXHOCTH

K. Bujacek, V. Fantova, V. K¥iha

HccnenoBaach 3aBHCHMOCTh Pa3MEpOB MOPAKEHHOW 30HBI OT T€OMETPHUH WIJIBL, @ TaK K€ OT yIila MEexIy
UTOJIOYHBIM U TUIOCKOCTHBIM 3JieKTponaMu. Wriel cornytele moj yrnamu ot O (mpsmas uria) 1o 90 rpamgycos
UCIIOJIB30BANIUCH IS H3YYEHHS BIUSIHUS MOJIOKUTEIBHOTO M OTPULIATEIIEHOI0 KOPOHHOTO pa3psijia Ha TIOBEPXHOCTh
3arps3HEHHYI0 npoxokamu pona Candida albicans. dnmuntrdeckas gopMa ObUTa XapakTepHa sl BCEX 00paslioB
00pabOTaHHBIX MOJIOKUTEIBHBIM Pa3psaoM. B ciyuae ucmonb30BaHUs OTPULATENBEHOM KOPOHBI, 30HA COCTOSIA M3
TPEX CErMEHTOB. JTO SBICHHE MOXKHO OBIIO OCOOCHHO SICHO HaOIIONaTh MPU HCIOIB30BAHUHM OOJIBIINX YTIIOB
n3ruba UroJI0YHOro 3JIEKTPOA.

3HE3APA)K§’IO‘II/II7I E®EKT KOPOHHOTI'O PO3PSIIY
TP KOH®ITYPALII EJTEKTPOAIB - 3ITHYTA T'OJIKA /10 ITIOBEPXHI

K. Bujacek, V. Fantova, V. K¥iha

JlocnimKyBaach 3aJI€KHICTh PO3MIPIB YPa)keHOT 30HHU BiJl TeOMETPil TOJIKH, a TaKOX BiJf KyTa MiX FOJIKOBUM Ta
TUTOIIMHHNM eJeKTpooM. ["onku 3irHyTi mix kyTamu Bin 0 (mpsima romka) go 90 rpamyciB BUKOPHCTOBYBAJIHCEH IS
BUBYCHHS BIUIMBY HO3UTUBHOI'O TA HETaTUBHOI'O KOPOHHOI'O PO3PSAY Ha MOBEPXHIO, 3a0pYAHEHY APIIOKAMH POLY
Candida albicans. Enintiana ¢opma Oyia xapakTepHa JJIs BCiX 3pa3KiB, 00pOOIEHUX MTO3UTUBHUM po3psaoM. [lpu
BUKOPHUCTAaHHI BiJ'€MHOI KOPOHHM 30HA CKJIajajach 3 TPhOX cerMeHTiB. Lle sBuime modpe crocTepiramocs Imij 4ac
BUKOPHUCTAHHS BEJMKUX KYTiB BUTHHY T'OJIKOBOTO €JIEKTPOJIa.
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