
1 Introduction
Non-equilibrium atmospheric pressure discharges have

recently been used in emerging novel applications such as
the surface modification of polymers, the absorption or re-
flection of electromagnetic waves, biomedical treatments and
plasma-aided combustion [1]. Among these various interest-
ing new applications, the interaction of atmospheric pressure
“cold” plasmas with a biological medium promises to open
new horizons in the medical and environmental fields.

The main methods of sterilization, i.e., inactivation of
living microorganisms, are based on thermal treatment (dry
or moist heat), chemical treatment (e.g., EtO, H2O2) or expo-
sure to ionizing radiation (X-ray, gamma radiation, e-beams).
These methods have specific drawbacks linked to their condi-
tions of operation, e.g., the toxicity of the active agent used,
the temperature conditions, or the size of the installation.
Clearly, plasma sources have some advantages such as low
temperature (at or near room temperature), no risk of arc-
ing, operation at atmospheric pressure, portability, optional
hand-held operation, etc. Therefore low-temperature non-
-equilibrium plasmas are playing an increasing role in
biomedical applications, and reliable, user-friendly sources
need to be developed. A point-to-plane corona discharge at
atmospheric pressure is one of the atmospheric pressure
discharges applicable for studying the interactions of atmo-
spheric ions with microorganisms such as bacteria and fungi
[2–4]. The bactericidal or fungicidal effect of corona dis-
charge can be studied directly on a gel medium (agar), which
is a gelatinous substance chiefly used as a culture medium for
microbiological work. This technology minimizes the risk
of accidental contamination of the samples, and makes the
experiments relatively simple.

Corona discharges are usually realized in such a way that
one of the electrodes has a small radius of curvature. This
makes the electric field intensity very high close to this elec-
trode in comparison to other points in the gap. Electrons and
positive ions are egnerated. If the gas contains an electro-
negative component, electrons can attach to it to produce
negative ions. Afterwards the ions drift to the corresponding
electrode according to particle polarity. Their movement is
broken by collisions with neutral atoms and molecules. This
process can be classified as friction. Ions drifting to an elec-

trode with a low radius of curvature (further referred to as a
plate electrode) can also make the neutral gas move. This im-
portant phenomenon is called electric wind [5]. Due to ionic
wind the gel surface is deformed, which results in a change in
the corona discharge geometry. The discharge current and
voltage change during the experiments in dependence on the
surface deformation and the gel medium.

2 Experimental part
Fig. 1 shows the scheme of the apparatus used for gene-

rating a point-to-plane negative corona discharge at atmo-
spheric pressure.

Each type of gel electrode was placed in a standard Petri
dish (90 mm in diameter). The size of the gel layer electrode
varied in the analyzed samples, the mean value being 8 mm.
The following gel types were used: blood agar, nutrient agar,
Endo agar. All were prepared from defined fabric substrates.
Six samples of each type of agar were used; the dates of sam-
ple preparation and storage of the samples in a cooling box
varied. The point corona electrode was realized by an intra-
muscular medicinal hollow needle with an outer diameter of
0.7 mm. The needle had a sharpened angle of 15 degrees.
The position of the hollow needle was adjusted by a micro-
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Fig. 1: Schematic of an open-air corona exposure single-point
set-up with a Petri dish 90 mm in diameter



metric screw placed inside the needle holder. The position of
the Petri dishes could also be changed in two directions per-
pendicular to the needle movement and also perpendicular
to each other. The position change of the hollow needle and
the Petri dish was measured with precision 0.01 mm.

When the needle was used as an electrode in the discharge
regime, it was connected to a high voltage supply. The same
needle was used detecting deformation in the measurement
regime. The conductive connection between the tip of the
hollow needle and the gel surface was checked using an ohm-
meter. Initially, the tip of the hollow needle was placed 6 mm
above the gel surface and the positions of the needle and
the high voltage source set-up remained unchanged dur-
ing corona treatment. In the deformation measurements the
dimple depth was measured as the change in the distance
between the electrodes. The needle was moved perpendicu-
larly toward the gel surface. the contact between the needle
tip and the gel surface was detected by the ohmmeter. The
exposition times varied (1, 2, 4, 8, 16 min).

3 Results
Fig. 3 is a photograph of the gel surface deformations

caused by the corona discharge. A matrix multi-point-to-
-plane corona discharge was used in this case.

Fig. 3 shows the gel deformation due to the multi system
point-to-plane corona discharges. Due to their simplicity, the
measurements were made with a single-needle-to-gel elec-
trode system.

Fig. 4. shows the dependence of dimple depth on the
gel surface exposition in a point-to-plane corona discharge.
During the measurements, the corona current decreased
from initial value (50 �A) according to the gel electrode
deformation.

The dependence of dimple depth on point-to-plane co-
rona initial current is show in Fig. 5. The duration of the gel
surface exposition in the corona discharge was 16 minutes.

The diameter of the dimple at 0.3 mm depth was taken as
a standard characteristic dimension of the area affected by the
point-to-plane corona discharge. After the influence of the
corona, the needle was moved 6.3 mm towards the gel sur-
face, and standard diameter d was measured. Fig. 6 presents
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Fig. 2: Photograph illustrating the experimental set-up

Fig. 3: Photograph of a Petri dish showing the gel surface defor-
mation caused by the corona discharge exposition
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Fig. 4: Dependence of dimple depth on exposition time at dis-
charge current 50 �A
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Fig. 5: Dependence of dimple depth on discharge current (expo-
sition time 16 min)



the process of measuring the standard diameter. The depend-
ence of the standard diameter on exposition duration is
shown in Fig. 7. The initial corona current was 50 �A.

The dependence of standard diameter d on the initial co-
rona current is shown in Fig. 8. The exposition duration was
16 minutes.

4 Conclusion
We developed an apparatus that generates a DC negative

point-to-plane corona discharge of various parameters in air
at atmospheric pressure. In addition, we attempted to de-
velop a method enabling a quantitative evaluation of the
action the discharge on an artificial bacterial culture. We also
studied the influence of the electric field of the corona dis-
charge on the substrate formed by the agar gel.

The electrohydrodynamic deformation of the substrate
was observed. The gel surface was deformed by the ionic wind
in the point-to-plane corona. The deformation of the gel sur-
face was comparable to the distances between the electrodes
used in sterilization experiments [2, 3]. The electrohydro-
dynamic deformation effect redistributed the corona current
during gel exposition to a corona. Moreover Figs. 4–7 show
that the gel surface deformation cannot be predicted for a
specific gel type (although a relatively precise method of gel
surface position determination was used). The variation of
the deformation characteristic dimensions may be explained
by the fact that the water content in the used agar plates used
here changed during storage, and consequently the gel elec-
trode viscosity also changed.
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Fig. 6: The process of measuring standard diameter d
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Fig. 7: Standard diameter increment with an increase in dis-
charge current (influence time 16 min)
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Fig. 8: Standard diameter dependence of treatment time (dis-
charge current 50 �A)
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