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The bactericidal effect of nano plasma ion (NPi) which was generated by NPi was analyzed using differ-
ent kinds of microorganisms, exposure times, chamber sizes, ion amounts and distance. As the result
of Escherichia coli, Pseudomonas aeruginesa, Salmonella typhimurium, Klebsiella pneumoniae Staphylococcus
aureus and Bacillus subtilis were shown different in decrement. Gram-negative bacteria E. colf showed
the highest percentage (96.57%) and Gram-positive bacteria B. subtilis which produced spore has the
lowest percentage (57.41%). From the exposure time of NPi most of the microorganisms were extinct
at an early stage. According to the size of the chamber we compared the loss of Ecali and the experiment
result shown, analyzed NPi using 5 chambers 0.005 m’ to 30 m’ for 2 hr, that when volume of the
chamber increased, saturatlon ion and bactericidal effect was decreased. In addition, an NPi generator
installed in the 1 m” chamber investigated the decrement of £ cofi Saturation ion concentration increased
with decrement. Finally, £ calf showed a similar reduction according to the distance from NPi generator.

Key words : Microorganism, Inactivation, Nano Plasma lon (NPi)
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m’, 0.1 m’, 1 m’ AW oladaoz Asgli 8 m’s} AL 1038 AAste] HghoZ YeplaL, ol s
30 m'e £4d 2 PoE Ay %"7@* ol A A2st5itt. NPi obgf o] A3} o] Ajkste] WMEE(%)E FA 0}3113]'.
generatorv HFEO| A HE %2 K o] BHo 1'?—7—‘11 T o] &9 Decreasing rate (%)={1-(Me/Mc)}x100
£82 57] 98 fang A4 3o 01 m’, 1 m’ FudE Me: Microorganism number of experiment
o] A 7] HiZ goll A fan (@ 80 mm, 2.76 W, 3000 RPM)< Mec: Microorganism number of control
7} 3911, 8 m’9} 30 m® Aol HAol AXE fan (O
927 mm, 70 W, 450 RPM)S 7}53t9th & 249 NPi lon counting
generators 304 ¥l 7hEdte] AW U] o] o] 23 ol FH2 HIHE FVFYA AvlE o] FYUH(ITC-
Blo] o]23& uw A&3sl4t 201A, INTI Co., Japan)E ©]&-3}9] plate’} & o]= A4l A
AL 2eE M LA FAHE B dhe 23}
ME o7 A HjEA FE(lons/cc)ZE H T}
2 Ao AME-E #FT gram positive 2%, gram negative
4% 02 KCTC (Korean Collection for Type Cultures) % Aot gl
KCCM (Korean Culture Center of Miroorganisms)ol| 4] %
Hok oW o] E Table 14 A& 3ttt 48 A nutrient broth oY A
(Difco, US.A)l A% % 150 rpm, 37 Coll A 2447+ Auj % n A E FFol w} NPi¢] &35 @otr 7| fa N as

& %, oF 10° CFU/ml7}A] PBS (phosphate buffered saline) & A3 plateE 1 m® A o)A 247 A THS (0] & FE:

s Aate] AP ALatg Tt 163,900 ion/cc) ) Frag wlal kAL, o]} A o]
AAE deoA Az o dFES E}O}Eﬂ 98 o]0

0|2 =AY 228 £ LA g Aol WHgte] 1 ARE WAl A5t Fig.
diE frel plate (@ 90)l A ¥l ¢} 500 plE conradi 17} Table 201 £.¢F A& 3t¥ k. L 23 gram negative 15

barZ FAF T2 & T 30% 7 WA FE 3

TE2 AAE B NPi generator7} 248 Aol S nt w0

o] o} 30~2408 744 ZAeLSTE AL ¥ 3 ml PBSE 7} .

sto] TAE Eol pour plate &2 A4 SASHTH]. 2

60

Table 1. Type of bacteria used in this study

40

Deercasing rate (%o)

Gram Strains
Escherichia coli (KCTC 12006)
Negative Peudononas aaughwa (KCCM 11321) ° Ecli P i | Sophdmurim K. ke  Sawms Bm:Ei
Salmanella typhimurium (KCTC 2421) ' ' - : ' '
Kiebsiella pneumoniae (KCTC 2690) Microorganisms
Positive Staphylococcus aureus (KCTC 1621) Fig. 1. Result of decreasing rate of various microorganisms in
Bacillus subtilis (KCTC1021) 1m® chamber by NPi during 120 min.
Table 2. Result of decreasing effect of various microorganisms in 1 m’ chamber by NPi during 120 min (log CFU/ml)
Microorganisms Exposure time Dicreasing rate (%)
Negative control” 0 min 120 min N/120 0/120°
E. coli 4.72+0.04° 5.56%0.03 4.09£0.06 76.52 96.57
P. aerugincsa 4.91+0.01 5.67+0.05 4.32+0.05 74.60 95.59
S. typlimurium 4.91+0.03 5.58+0.03 4.38+0.09 70.63 93.67
K pneumoniae 5.11+0.02 5.56%0.05 4.70+0.07 60.94 86.04
S. aureus 5.04+0.05 5.24+0.06 4.78+0.04 43.78 63.90
B subtilis 4.87+0.03 5.04+0.06 4.66+0.04 36.99 5741

Values are meanSD.

* Negative control : according to time for stand at room temperature.
® N/120 was calculated by Negative control.

€ 0/120 was calculated by 0 min control.

4 log CFU (colony forming unit)/ml.
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Table 3. Result of decreasing effect according to exposure time with £ colf and 5 aureus in 1 m® chamber by NPi

Microorganisms Exposure time (min) Number of bacteria (log CFU/ml) Decreasing rate (%)

0 5.56+0.03 -

30 4.99+0.07 7243

E. coli 60 4.72+0.02 85.43

120 4.090.06 96.57

240 3.83+0.05 98.14
0 5.24+0.06 -

30 5.05+0.05 34.15

S. aureus 60 4.95+0.03 47.27

120 4.78+0.04 63.90

240 4.56+0.06 78.51

Values are mean+SD.

Y E i’} M w2 FAEE B, gram positive 75
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Fig. 2. Result of decreasing rate according to exposure time with
E coli and S. aureus in 1 m® chamber by NPi.
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Table 4. Result of decreasing effect according to chamber size with E. caoli by NPi during 120 min

Exposure time Decreasing rate

Chamber size (m’) Ion number (ion/cc)

0 min 120 min (%)
0.005 >1,250,000 N.D* 100
0.1 679,370 3.66£0.11 98.70
1 163,900 556+0.13" 4.09£0.06 96.57
8 33,900 4.37+0.08 93.45
30 10,900 4.4610.07 92.03
Values are mean+SD.
* ND: Not detected
*log CFU/ml
100 P—= — |
100 - y S — SR i____:_,__r.-_-f:-f-O
T
'é“ 20 - }:E:L e f /’”‘ ~#--1 generator
§ g ,’/ —# - 2 generators
= = P4
}' #— 3 generators
60 . ) ] . 80
0005 01 1 8 30

Chamber size (m®)

Fig. 3. Result of decreasing rate according to chamber size with
E. cdli by NPi during 120 min.

3 o Yo WY gatEo] T3 L) WolAa 1= Q3|
NPidll 93t A8 = & dolr= Aoz £4 Huh

0|2 2 M2 248
A H
NPi generator 1~371 & 77t AA|sto] | o] XEglaf
X
X

= WA ZAREE & o] &5 I
A} NPi generatorg=#ol W o] Frv H#H AR F

1 2 I 3 4
Exposure time (hr)

Fig. 4. Result of decreasing rate according to exposure time and

the number of NPi generator and exposure time by £

coli in 1 m® chamber.

7VekA] ¢ Z4ZF 163,900 ion/cc, 233,210 ion/cc, 261,940
ion/ccE UHEHHOH, ol= IR F7ol| o] &7t S+
of we} Fol 23 Fole3te] FEHETL Stk ME A
Fgoz o0 GOk o BT, 7 Easrol
Ao A ade 2N AL S R E =S HAasS
Ut 7l AlFetfda, 271 al &t Z+z} 96.57%,
97.96%, 98.82% % = = ©] & Table 5°I

flo <
:1_‘
B>

Table 5. Result of decreasing effect according to exposure time and the number of NPi generator by £ coliin 1 m’ chamber

NPi generator Exposure time Ion number Number of bacteria Decreasing rate
(ea) (hr) (ion/cc) (log CFU/ml) (%)
0 5.560.03 -
1 4.75+0.04 84.29
! 2 163,900 4.09+0.06 96.57
4 3.83+0.05 98.14
0 5.56+0.03 -
1 4.67+0.08 86.89
2 2 235,210 3.870.04 97.96
4 3.68+0.04 98.66
0 5.56+0.03 -
1 4.6320.07 88.08
261,94
3 2 61,940 3.63+0.11 98.82
4 2.850.09 99.80

Values are mean+SD.
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Table 6. Result of decreasing effect by distance from NPi generator to £ colf in 1 m’ chamber during 120 min

Ion number

Exposure time

Decreasing rate

Distance (ion/cc) 0 min 120 min (%)
95 c¢m 160,000 4.00+0.06 97.19
70 cm 160,000 a 3.99+0.04 97.27
45 cm 160,000 55620.03 3.98+0.03 97.32
30 cm 400,000 3.46%0.15 99.19
Values are mean+SD.
* log CFU/ml
wolA Ao AAFE Ao, 24 Az §40] Aol
3, ol WARA Y o] Z7 & £2 ol& BT} HolA
g 49Y E8 21t Aew 24 930
E‘ 20
2ol 2
2 AT GLG A7) 71% Aol &) 47 8 Azolv]
% : ‘ : ool A=Y
95 70 45 30
Distance (cm)
Fig. 5. Result of decreasing rate according to NPi distance with References
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