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Rezumat
Plasma gazoasd pentru sterilizarea suprafetelor

Interactiunea plasmei gazoase cu culturi bacteriene a fost
studiata ca aplicatie practica a plasmei reci la steriliza-
rea obiectelor mici pentru utilizare medicald. Zonele de
inhibitie a cresterii microbiene au fost mdsurate in jurul
spotului de impact cu jetul de plasma pentru un jet de 3.5
cm lungime si pentru unul de 2.5 cm, pentru acelagi timp
de expunere de 50 secunde. Efectul evident de distrugere a
bacteriilor recomandd aceastda metoda pentru sterilizarea
unor ustensile medicale ce sunt sensibile la temperaturd
sau la reactivi chimici, ea fiind de asemenea sustinuta de
relativa accesibilitate si costurile mici.

Cuvinte-cheie: culturi bacteriene, plasma rece, sterilizarea
suprafetelor

Pezrome
Tazoeas nnazma 0na cmepunu3ayuu nogepxXHocmeil

Bzaumooeiicmsue 2a3000pasznoii niazmul ¢ Kyibmypamu
baxmepuil ObLI0 UCCTIEO08AHO C MOYKU 3PEHUsL RPAKMUYe-
CKO20 NpUMEHEHUs XOL0OHOU NAa3Mbl OJisi CIMEPUIU3AYUU
MANLLX NPeOMeno8 MeOUYUHCKO20 NOAb308aHUsL. 30Hbl
no0aeie st MUKPOOHO20 pocma Obliu uzMepeHvl GOKpy2
Mecma 8030eiucmeust Cmpyu nia3Mol 015 CMPYU ¢ ONUHOU
3,5 cm, a makdce ¢ Onunou 2,5 cm npu 00UHaAK08oM 8pee-
Hu 8030eticmeust pagnoll 35 cex. bnazooaps ouesuonomy
appexmy yHUUmMOICEHUST bAKmMeputl, SMom Memoo peKo-
MEHOYemcsi UCNONb308aMb OISt CMEPUTUAYUU HEKOMOPIX
MEOUYUHCKUX NPUHAONENHCHOCHEN, UYECNEUMENbHBIX K
memnepamype Ui XUuMuiecKum peaxmugam, memoo 6yoyuu
VOOOHBIM makdice 61a200apsi OMHOCUMETbHOU OOCIYRHO-
CMU U MAOU CMOUMOCHI.

Knrouesvie cnosa: baxmepuanvhas Hazpys3Ka, Xo100Has
nuasma, cmepuIu3ayus NoO8epXHocmerl

Introduction

Various attempts of searching for efficient fac-
tors to kill bacteria at room temperature were repor-
ted. Mainly UV rays were used for decades to sterilize
laboratory surfaces. Conventional methods such as
heat, irradiation, or chemical gases, can alter material
features: surface and volume morphology, molecular
weight and others [1]. In contrast cold atmospheric
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plasma preserves such material characteristics espe-
cially important for polymers that are so sensitive to
high temperature and chemicals [2, 3].

Cold atmospheric plasma is a physical system
composed by weakly ionized gases generated by
means of an electric discharge between two elec-
trodes. Small ions resulted from atmospheric gases
together with free electrons are conducted through
the electric field between the electrodes and interact
with any object placed between them. The main
effects are furtherionization, dissociation and excita-
tion of atoms and molecules from the space volume
between the discharge electrodes; thus living cells
such as those of microorganisms could be seriously
damaged as long as physical changes results very
quickly in biochemical perturbation. Spores of Ba-
cillus subtilis were inactivated with cold atmosphe-
ric plasma as reported in [4, 5]. Decolonization of
Escherichia coli and Staphyloccocus aureus with cold
plasma treatment was successfully performed also
[6] while remarkable progress in Candida albicans in-
activation was reported too [7]. We also made some
attempts to get microorganism killing with plasma
jetas shown in [8, 9] for 25, 50, 75 and 100 s.

In this article specific results are presented for
a new exposure time that we have tested by using
dielectric barrier plasma discharge.

Materials and methods

Microorganisms. Gram positive and Gram
negative strains were chosen: Sarcina lutea ATCC
(American Type Culture Collection) 9341, Bacillus
cereus ATCC 14579, Pseudomonas aeruginosa ATCC
9027 and Escherichia coli ATCC 35218 - all acquired
from standard collection ATCC. The standard micro-
bial vials were preserved in lyophilized form until the
experiment took place. Bacterial inoculum were pre-
pared in normal physiological sterile saline to have
a density of approximately 3.108 cells/ml adjusted
through calibration curves. Small volumes of 0.2 ml
from each inoculum were seeded in 10 ml Mueller-
Hinton (Oxoid) molten agar (pH 6.8). Final agarized
cultures were let to grow in 100 mm diameter sterile
plastic Petri plates.

Cold plasma yielding and sample treatment.
Plasma jet, at atmospheric pressure was yielded by
asymmetric dielectric barrier discharge (DBD), using
helium at a gas flow of 0.15 I/min; the application
of a pulsed voltage of 9 kV — peak to peak value, at
1.6 kHz frequency was carried out, as described el-
sewhere [10]. The sample exposure was arranged for
two distances between the high voltage electrode
and the grounded one: 2.5 and respectively 3.5 cm.
Every Petri dish with bacteria cultures was inserted
into the discharge electrodes on dielectric layer pla-
ced over the plane ground electrode. The duration
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of every bacterial sample exposure lasted for 35 s
with four identical repetitions on every Petri dish for
either 2.5 cm or 3.5 cm plasma jet length. All Petri
dishes were afterward let to incubation for 24 h at
37.0+0.5°Caccording to established microbiological
protocols [11]. The control samples were Petri dishes
inoculated from the same bulk vial but not exposed
to plasma treatment. Circular zones of inhibition
growth were measured with 1 mm precision ruler.
The colony forming units (CFUs) were also counted
to assess the efficacy of the microorganism killing.

Statistics. Average values and standard de-
viations resulted from four repetitions for every
exposure arrangement were used for graphical
representation.

Results

In fig. 1 the response of Escherichia coli to the
action of cold plasma s presented. The four repeated
exposures to the plasma jet of 2.5 cm length resulted
in quasi-equal circular areas.

Figure 1. Escherichia coli response to 2.5 cm plasma
jet

Similar pictures were obtained for the other
microorganism strains corresponding to the 2.5 cm
distance between the plasma jet edges. In fig. 2 the
results describing the behavior of all four microor-
ganisms following the impact of 2.5 cm plasma jet
can be seen.
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Figure 2. The diameter of the inactivation areas for 2.5
cm plasma jet
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Maximum sensitivity was found for Pseudomo-
nas aeruginosa with average value of the growth
inhibition diameter of 12.875 mm, followed by Ba-
cillus cereus — with 11 mm average diameter, Sarcina
lutea - with 6.625 mm and Escherichia coliwith 5.875
mm. Standard deviation was of about 9 %. Different
situation was evidenced for longer plasma jet of 3.5
cm (fig. 3). The most peculiar behavior was found for
the two Gram positive strains, namely Sarcina lutea
and Bacillus cereus that exhibited no sensitivity to the
plasma flow of ions, electrons and ions accompanied
by UV photons released through the interaction of
accelerated particles with the air and water vapors-
as they are at the end of the 3.5 cm tracks between
the discharge electrodes. The two Gram negative
microorganisms were still sensitive to cold plasma
impact evidencing inhibition areas with diameters
of 6.25 mm and 4.25 mm respectively (fig. 3). The
counting of colony forming units within the growth
inhibition areas was assessed as ranging between
3% in the case of E. coli and 27% in the case of B.
cereus for 2.5 cm and between 5% in the case of E.
coliand 32% in the case of P. aeruginosa for 3.5 cm.
Thus the inactivation efficiency could be assessed,
complementary, as ranging between 97% and 73%
and respectively between 95% and 68%.
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Figure 3. Inactivation area diameters for 3.5 cm plas-
ma jet

Smaller inhibition zones for 3.5 cm compared
to 2.5 cm could be related to diminished physical
impact of corpuscular radiation (ions, electrons,
free radicals) because of atmospheric air higher
attenuation. Higher sensitivity of Gram negative
germs for 3.5 cm plasma jet could be assigned to
higher content of UV generated ozone. We assume
that accelerated electrons hit oxygen and nitrogen
molecules favoring reactive species formation and
UV and visible photons release with further ozone
generation [12]. This needs to be correlated with
relative higher sensitivity to ozone of Gram negative
bacteria, because of their higher content of proteins
in the cellular wall [13]. The atmospheric plasma
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sensitivity evidenced in this experiment for the Gram
negative germs — otherwise known for their complex
cellular wall and higher resistance, is consistent with
the fact that the physical treatment based on low
temperature plasma jet could be still efficient for
the inactivation of those bacteria that usually can
be killed with certain difficulties by purely chemical
treatments (drugs or disinfection chemicals).

Conclusion

Cold plasma discharge in specific laboratory ar-
rangement and with optimized physical parameters
was found efficient in microorganism inactivation.
Gram positive bacteria were more sensitive for 2.5
cm plasma jet compared to Gram negative bacteria
that were more sensitive to 3.5 cm plasma jet.

References

1. Holy C. E, Cheng C,, Davies J. E. et al. Optimizing the
sterilization of PLGA scaffolds for use in tissue engineer-
ing. In: Biomater., nr. 22, 2001, p. 25-31.

2. Ehlbeck J,, Schnabel U., Polak M. et al. Low tempera-
ture atmospheric pressure plasma sources for microbial
decontamination. In: J. Phys. D. Appl. Phys., nr. 44,
2011, p. 01300.

3. Kong M.G,, Kroesen G., Morfill G., Nosenko T. et al.
Plasma medicine: an introductory review. In: New J.
Phys., nr. 11,2009, p. 115012.

4. Setlow P. Spores of Bacillus subtilis: their resistance to
and killing by radiation, heat and chemicals. In: J. Appl.
Microbiol., nr. 101, 2006, p. 514-525.

5. Zhang P, Kong L., Wang G. et al. Monitoring the
wet-heat inactivation dynamics of single spores of
Bacillus species by using Raman tweezers, differential
interference contrast microscopy, and nucleic acid dye
fluorescence microscopy. In: J. Appl. Environ. Micro-
biol., nr. 77, 2011, p. 4754-4769.

6. Maisch T.,_Shimizu T., Li Y.F. et al. Decolonisation of
MRSA, S. aureus and E. coli by atmospheric plasma using
a porcine skin model in vitro. In: PLoS One, nr. 7, 2012,
p.e34610.

7. MaischT, ShimizuT,, Isbary G. et al. Contact-free inacti-
vation of Candida albicans biofilm by cold-atmospheric
air plasma. In: J. Appl. Environ. Microbiol., nr. 78(12),
2012, p. 4242-4237.

8. Poiata A., Motrescu I, Nastuta A. et al. Microorganism
response to atmospheric pressure plasma helium DBD
treatment. In: J. Electrost., nr. 68(2), 2010, p. 128-131.

9. Motrescul., Poiata A., Nastuta A. et al. Pathogen bacteria
sterilization in low temperature helium plasma. Procced.
of INTERACADEMIA, Hungaria, 2008, 6 p.

10. Dumitrascu N., Topala I., Popa G. Dielectric barrier
discharge technique in improving the wettability and
adhesion properties of polymer surfaces. In: IEEE Trans.
Plasma Sci., nr. 33 (5), 2005, p. 1710-1714.

11. Larkin J. M. A Laboratory Manual for Microbiology. 3rd
ed. Kendall/Hunt Publishing Company, 2006.

12. Choi J.H., Han I., Baik H.K. et al. Analysis of steriliza-
tion effect by pulsed dielectric barrier discharge. In: J.
Electrosat., nr. 64 (1), 2006, p. 17-22.

13. Li CS. Wang Y.C. Surface germicidal effects of ozone for
microorganisms. In: AIHA J.,, nr. 64 (4), 2003, p. 533-537.

25




