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Sterilization of Escherichia coli by Small Size Argon Plasma Jet
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Non-thermal atmospheric pressure plasmas have recently been applied in biomedical field. Plasma jet show a
considerable promise for medical application where surfaces are exposed to plasma in a non-contact and site-specific
manner at nearly the same temperature as the ambient gas. We have characterized a device of argon plasma jet of
relatively small dimensions using smoke wire methods and optical emission spectrometry. Efficacy of
decontamination by the plasma for the wet state of Escherichia coli cells was investigated with several culturing
conditions such as surface of an agar plate, inside the soft agar layer and in the water solution. Denaturation of the
proteins inside the cell was also demonstrated. These results suggest that reactive species are produced from these

water and they kill the bacterial cells.
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Fig. 1 Schematic of the experimental set-up.
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Fig.2 Schematic of the plasma jet generator.
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Fig. 3 Photographs of the plasma jet.
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Fig. 4 Visualization of the argon gas flow.

(a) 50 mm Petri dish, (b) 96-well plate.
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Fig. 5 Emmision Spectrum of the plasma jet.
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Fig. 6 Photographs of Petri dishes showing the effects of
the plasma jet on E. coli cells.

Top Petri dish is control, bottom Petri dishes were treated for

135 s (left) and 1,215 s (right).
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Fig. 7 Survival curves of E.coli according to the range on

membrane filter which exposed the plasma jet.
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Fig. 8 Photographs of Petri dishes showing the effects of the

plasma jet on E. coli cells.
Top agar medium of Petri dish is 1 mm in thickness, bottom agar
medium of Petri dishes are 3 mm in thickness (left) and 5 mm in

thickness (right).
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Fig. 9 Survival curves of E.coli according to the thickness
of the agar medium which exposed the plasma jet.

(a) 1 mm in radius area, (b) 2.5 mm in radius area.
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Fig. 10 Survival curves of E. coli in one hole of 96-well plate
which exposed the plasma jet.

(a) 70 pL sample, (b) 150 uL sample.
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Fig. 11 Photographs of Petri dishes showing the effects of the

plasma jet on GFP.
Top Petri dishes are controls, bottom Petri dishes were treated

for 10 min (left) and 20 min (right).

333 96 NTL— FEAVEDEERE

TIRT ey MEBHD 1 U/ VINOBEIRBLY, BibE
T2 1 V= VINOREREEIRL, EREBOHEZITo72.
10 (2K volume Bl DA77 B &7 9.

10X 70 uL TO 1 TV NAETFHRCTHD. 1
/L NIZIBUNT 8 min DEEREIZ TANTORHE A e LT-.
BREER LT, WP COTEERO 4 BRI LA 0k
ENEZ 250D, pHBIE ORS FITACE R 8 min LA pH
SLUTFERoTWE, £, BEO 1 7x/LNTIX 10 min 128
WTHAEEHIZE T AL N2 DT

10(b)IF i 150 pL TO 1 v /LA THB.
#K volume ZIECL 72454, 16 min OIRFEIZT 4 HTOR%
WEMER L. £z, pH BIE DR RIL 16 min LI pH 5 LA
TE&RoTU,

U EDRERNOT T XwY =y Nl PR T T AL T,
RSN IEHERICLERE M ThiEE 2D, L
L, H R volume ZH 03" Z & TR M LA B 20 R 1355 < 70
HEZZOLNA. T2, BKO pH METFLTWAIEND, I
17 NO, BEAIML T\ D EE 2 HND. BEIR 70 uL TOT TR
<~y NEFIZBWT, B#ERHELTo72 1 U=/LNTIE
BEDRPEON, B0 1| U LNTIIERED R RGO
o leZlB L RTTFTA=T =y NTD 96 )7L —MIEBWN
T, Ar A 1 7=/ DB IRAL TR T 5 /0UTITIE
EAEFTEALIRNZ LD, A O = VICEEE G 2528



NRITN A T I A=Yy MCEDRERROBGEE (GRFERES) 7

72, BB AT 2 DZE D RIBE LT,

34 J4ILAKREICHITS GFP HABEEHRRE

T, FEBAERAVTIHEBICLIDEEICBWT, BEHIAAN
GFP (hk et S B D281 &1 D FEWE & D B B2 700 B
DRONDZEERLEY

ZZT, GFP EEAREMEL- 74NV LT IA~T
RS LIS AT D GFP 8t ORE RN R OMGEEAT
ol BT 7A=Y =y MEFEFRFF 0, 10, 20 min OB
BEEERT.

11 OFERMNS, 52Tz v MEBHSICEWD
TR IRV GFP #EDRENE L TWND 2 &R
o, ZTOFRBERE LT, 7 XAvVxy Mg
WEDARSNIIEEENHICEEND X I EE
LB L OERIETCWDEEEZLND.

4. F&H
INT TG X2y MR, ArHAFEND FIAL, 565y

JEFRHN, T s LB R, B R SRR, 96 X

U—h 1 U= /LNIE R, 74/04 EGFPE R 5

o7 TNHOFRE R, L FOZENRBSNT.

(1) B HBPEREREIY, KRERTIER LTI~V
YN TR LD E D RITHIFETER .

Q) TR Y =y MIZELHFIZBWTIX OH 7V V7 ED
EMEREEZIZEAEERL TR, LNLT TR~V
MeRiH E s JOYE I IR S BT MR A 2R
T BHEEZ LS.

(3) FPABIAE R R P LEA RB RS, Ar HADFENIC

FEVBREE DA D30 O IR S R 1 20 SR M L QUL

@) ESHIBREDRIIBNT, 77XV 2y M OB
DT R MmN R B AL BE 2N
.

(5) P RBLOEEHFITBNT, 8 TRAELFEERS
TERA A S ML L Q0D EB 2B,

6) NUTITX<P 2y TOD 96 R L —MIB W TR
DRI BE G2 52870, 1| DOT)VNDHE
TE%.

(1) FTIR=TxyMIZ OB OEWICL B e 5258
FEFFO TCWAIENRENT.

SEXH

1) M. Laroussi: Plasma Process. Polym., 2 (2005) 391

2) G. Fridman, G. Friedman, A. Gutsol, A. B. Shekhter, V. N.
Vasilets and A. Fridman: Plasma Process. Polym., 5 (2008)
503

3) B. Liu, D. Drake and E. Stoffels: IEEE Trans. Plasma Sci.,
34 (2006)1317

4) M. Laroussi, C. Tendero, X. Lu, S Alla, W.L.Hynes:
Plasma Process. Polym., 3 (2006) 470

5) ALEFPEA, RS, A 77X A RdEE S X
O T TR AR ITIE, [EBEABHTE 5 W02008/072390 Al

6) Ve, ZhiFE—, 4 —:1EEJ Trans. FM, 128,
6 (2008) 401

7) GR. Harrison: “M.IT Wavelength Tables”, p.xxii-XXxiv,
MIT Press, Cambridge (1969)

8) R.K. Winge, V.A. Fassel, V.J. Peterson and M.A. Floyd:
“Inductively Coupled Plasma-Atomic Emission Spectrometry,
An Atlas of Spectral, information”, p.28, Elsevier Science
Publication, Maryland Heights (1985)

9) H.Yasuda, M. Hashimoto, Md. M. Rahman K. Takashima
and A. Mizuno: Plasma Process. Polym., 5 (2008) 615



	2.3.3 96穴プレートを用いた液中殺菌効果
	2.4 フィルタ表面におけるGFP蛍光減衰効果
	3.3 小型プラズマジェットの殺菌効果
	3.3.1 フィルタ表面における殺菌効果
	3.3.2 培地深度別殺菌効果
	3.3.3 96穴プレートを用いた液中殺菌結果

	　小型プラズマジェットにより，Arガス流れの可視化，発光分光計測，フィルタ上範囲別殺菌，培地厚さ別殺菌，96穴プレート1ウェル内液中殺菌，フィルタ上GFP蛍光減衰実験を行った．これらの結果より，以下のことが示唆された．

