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Abstract 

It has been proved that negative air ions can control the indoor bioaerosols. In 

addition to renew this technology, in this study, we designed to use a polypropylene 

non-woven materials(PP-filter) as a wall attached material, and sprayed the 

bactericidal material–AgNPs/NSP(silver nonoparticles/nonoscale silicate platelets) 

onto the PP-filter. The PP-filter(AgNPs/NSP or non-AgNPs/NSP) was applied to the 

inner surface of a test chamber, and the ionizer was kept at 3.1 kV and <0.01 mA. Four 

bioaerosols Escherichia coli(E. coli), Bacillus subtilis , Candida famata(C. famata), 

(B. subtilis) endospores, and the spores of Penicillium citrinum(P. citrinum), were used 

in this study. Bioaerosols were collected by SKC Biosampler and cultured for plate 

counts. Besides, we calculated the control efficiency and the enhanced efficiency.  

This study which investigated the control efficiency of various treatments on E.

coli in decreasing order is treated with the ionizer alone(29.2%), PP-filter attached 

materials alone(23.7%), and the PP-filter with negative ions (9.7%), PP-filter with 

AgNPs/NSP (7.7%). However, PP-filter with AgNPs/NSP and the ionizer used did not 

raise up the efficiency .The results showed the poor efficiency when the PP-filter 

(AgNPs/NSP or non-AgNPs/NSP) attected in the chamber with the ionizer. We got the 

great differences in control efficiency of B. subtilis. The results showed the best 

control efficiency which is about B. subtilis up to 32.2% was treated by negative air 

ions. This study showed better enhanced efficiency when the same wall material was 

treated with negative air ions, the enhanced efficiency can be improved to 27.0%; We 

showed the better control efficiency about C. famata which was treated with PP-filter 

(AgNPs/NSP or non-AgNPs/NSP) than stainless steel, no matter the ionizer opened or 

not. The best control efficiency which is up to 31.4% about C. famata was treated with 

PP-filter (non-AgNPs/NSP),and we had the close control efficiency of other methods, 

ranging from 18.4% to 24.1%, except PP-filter (AgNPs/NSP). But, if PP-filter 



 

IV 

 

(AgNPs/NSP) was used with negative ionizer, than, 20.4%, the higher control 

efficiency can be obtained; the results indicated that the control efficiency of P. 

citrinum is between 21.3% and 41.0%, the best is only treated with negative ionizer. 

We got worse control efficiency when PP-filter (AgNPs/NSP or non- AgNPs/NSP) was 

used with the negative ionizer than those without negative ionizer. Different from the 

others ,we had the best control efficiency on C. famata which is treated with PP-filter 

(non- AgNPs/NSP) without negative air ions.  

The following is a summary of our conclusions. The control effectiveness of 

PP-filter is different to the PP-filter which contains AgNPs/NSP ; the study showed the 

poor enhanced efficiency when AgNPs/NSP was sprayed on the PP-filter, but if the 

metods was treated with the negative air ion, the control efficiency could be 

enhanced(not including E. coli and P. citrinum); when we pasted the same material on 

the wall, the negative ion ionizer was turned on or not, will affect the control efficiency 

of bioaerosol (the control efficiency of E.coli and P. citrinum would reduced ,and B. 

subtilis increased); when the control efficiency of the bioaerosols which were treated 

with negative air ions is significantly higher than the wall attached material, it was 

contribute to the enhanced efficiency of negative air ion when the bioaerosols was 

treated with negative air ion and wall attached material in the chamber (B. subtilis).The 

control efficiency of the bioaerosols which were controlled by wall attached materials 

would be affected by higher concentration of negative air ions(it would become a 

complex situation when negative ions were accumulated to the wall); bioaerosol 

characteristics affect the control efficiency. 

 Keywords: bioaerosols, negative air ions, AgNPs/NSP, PP-filter ,control 

efficiency, enhanced efficiency 
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Cbackground, t: n   

Cbackground, t30: 30  
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PP ( ) (%) 
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1   

1-1

85% 70%( 2002)

92% 50% ( Schweizer et al., 2006 )

100%( Guo et al, 2004)

( ) ( )... ...

BRI(building related illnesses) SBS(Sick building syndrome)
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(Lee, 2011

Penicilliums Aspergillus Pietarinen et al., 2008
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1-2

: 

1.  

2.  

3.

 

4.

 

1-3

38cm 79cm 90L

3.1KV <0.01mA

SKC Biosampler
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1-4
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2   

2-1

(endotoxins)

(lipopolysaccharide)  (mycotoxins) 

(Grinshpun, 2011 , 

Max et al., 2004 )  

 

(2011) 226

(Su et al., 2001  Li, 1995 Li, 1997)

(Amend, 2010)  

2011

” Climate Change, the Indoor Environmental and Health”(Spengler, 2012)
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EPA

Penicillium Cladosporium

yeasts Aspergillus Non-Sporulating fungi Micrococcus spp.

Staphylococcus spp

(  2009

2007 2007)  

 

 

Penicillium Cladosporium Bacullus

Amend(2010)

4
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31 Alternaria Cladosporium Epicoccum

Penicillium Aspergillus

Amanita( ) Glomus( ) Rozella

 

Penicillium Aspergillus Paecilomyces

Streptomyces

Cladosporium

Pietarinen et al., 2008)
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2-1-1

( )

 

:

(

2011)

(Stetzenbach, 1997)

Propionibacterineae, Staphylococcus, Enterobacteriaceae, 

Corynebacterineae

Propionibacterineae (Qian et al., 

2012)

(Candida albicans)

(Amend, 2010)  

:

I/O ratio

I/O ratio

I/O ratio

( 2011 2008)  
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:

( 2008)

( 2011)

 

(Stout et al. , 1997)

 

:

 

(2008) 

  

:

(2003)
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:

(Dharmage, 1999)  

:

Cladosporium A. versicolor Stachybotrys (Meklin et 

al ., 2002) Penicillium Aspergillus Chaetomium Stachybotrys

Bacuillus Streptomyces (Gravesen et al. , 1997)

(Mikkola et al., 2007 Andersson et al. , 1998)  

911
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2-1-2

0.3~100μm

1.0~10μm(Wathes, 1995) 1.0~5μm

(Mohr, 2007) Stetzenbach  (2007)

5μm

2~4μm 1.0~5μm

1.0~2μm Sturm(2011)

<100nm > 5μm

0.1~10μm

0.1~3μm(Grinshpun, 2011)

2~50μm(Nuntiis, 2003) 2~4μm (Grinshpun, 

2011)

1μm 5μm

Aspergillus fumigatus( ) 2μm

3.5μm 0.03cm/sec

( 2011)  
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peptidoglycan

lipoprotein porin protein

lipopolysaccharide phospholipids lipoteichoic acid

(Poortinga et al., 2002)  

50%~80% phosphatidyletholamine(PE) 20%~50% phosphatidylglyceral(PG)

cardiolipin(CL) PG CL PE (

) CL PG PE

 

Bacillus

(Chen, 2010 Lee, 2004)
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polysaccharides

chitin  

-(1,6)-glucans -(1,3)-glucans chitin chitosan

polyglucuronic acid glucuronomannoprotetins

-(1,3)-glucan; galactomannoproteins (Deacon, 1997) glycoprotein

protein layer chitin microfibril plasma membrane

80~90% polysaccharides(

glucans mannans chitin)  

Penicilliums Aspergillus 

 Cladosporium

(Green et al., 2009 Fröhlich-Nowoisky et al. , 2009 Pitkäranta et al., 2008)

Green(2011)

0.1μm 2.5μm)  

Penicilliums Aspergillus

(Larson et al. , 1994 Wicklow et al. , 1983)

MVOCs 2-ethylhexanol  

1-octen-3-ol 2-ethylhexanol
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1-octen-3-ol 10mg/m3

(Wålinder et al., 1999)

(occupational exposure limits OELs)(Korpi et al., 2009)

2-1-3

21%

35 (Mudarri et al., 2007

 

(SBS) (BRI)

(2003)

1992 2002 (2011) 2000

2009

Streptococcus( ) Penicilliums( )

Aspergillus( ) Cladosporium( )

:  

Candida albicans Fusarium Penicillium Yeast

500CFU/m3  ( 2011)  

(Hardin et al., 2003)
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: 

(Hardin et al., 

2003) Alternaria( ) 

100 (Gravesen et al., 1986) (2011)

( ) A.fumigatus

A.niger ( ) 300CFU/m3

 

Ross(2000) 1991~1997

(Michel, 2000)  

 

: 

Stachybotrys chartarum

(Pestka et al., 2008)  

(SBS): 

WHO

(WHO, 

1983 WHO, 2005) WHO(2009)
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Straus(2011)

SBS

Chaetomium globosum (mycotoxins)

 

Aspergillus( ) 50

(Mandal, 2011)

”2-ethylhexanol”

(Hill et al., 2001) (Van Lancker et al., 2008)

 ”2-ethylhexanol” SBS

2-ethylhexanol (Kondo et al., 

2007) 2-ethylhexanol

(Tuomainen et al., 2004)  

(BRI):  

BRI

(Redlich et 

al., 1997)  

2-1-4

(impaction) (impingement) (filtration)

(electrostat. precitit)

(suction) (Fernández et al., 2011

, 2007) (cyclone)

(Park et al., 2011)

(Caruana, 2011)  
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( )

2-1: 

 

2- 1 (Mandal,2011) 

” ( NIEA 

E301.11C)” ” ( NIEA E401.11C)”

TSA(Tryptic Soy Agar) MEA(Malt 

Extract Agar)  48±2 25±1

4±1 

(CFU/m3)  
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2-2
2-2-1

Mandal (2011)

(2011)

2-1: 

2- 1 ( )  

 (Mandal et al., 2011 2010)

500 -  

- 1000  

- 150  

10000 10000  

2000 2000  

4500 -  

- NS  
- 2000~10000  

10000 1000  
1000 -  

10000 - 10000

- 500  

10000 10000  

- 750  

2500~7000 -  

800 - 17  

500 -  

500 -  

1000 -  

500 1000 
 1000 

: -  
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100 11 23 101 11

23  

2-2-2

 

(Mandal , 2011)  

GREEN GUARD

(ASTM Standard D 6329)

10

(JISC)

(2009)

 

( ) (

)

(Foster et al., 2011)

CuxO TiO2  CuxO CuxO

(Qiu et al., 2011)

(Pelaez,2012)

 6,000 

( 2008)  
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(Wang et al., 2011)   
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2-2-3

2-2-3-1  

 ( 2007)

(Joseph Lister)

( 1997)

1nm 100nm

2009 800 3C

(Quadros et al., 

2010)

 

( 2-2) : 

 

1.  

2.

 

 

1.  

2.  

3.DNA DNA  

4. (reactive oxygen species, ROS) DNA

(Marambio, 2010)(Marambio-Jones & Hoek, 2010)  
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2- 2 (Marambio et al., 2010)  

(Silver, 2006)

(Quadros, 2010)

 

(Su et al., 2009) (chitosan)

(Banerjee et al., 2010)  

: 

1.   

2.

(Argyria)  
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3.

 

4. ( 2009) : 

  

5. :   

Banerjee (2009)

(CS-AgNP) Su (2009)

(AgNP/NSP)

: 

1.  

2.  

3. ROS

DNA  

 

(CS-AgNP)

DNA ROS

ROS  

(AgNP/NSP)

( 2007) (
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) ( 2009)

 

2-2-3-1  

”

(2009) Su

(2009,2011)  

1. : 

(inorganic phyllosilicate clays)

(montmorillonite MMR) (lucentite SWN)

 

:

(NaBTH4 ethanol)

300~600rpm 80

ethanol (Xenon light)  

2. : 

80 80 1nm3~100 100 1nm3

12000~20000 700~800m2/g

25nm

250 6.6nm  
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3. : 

-galactosidase

DiBAC4(3)+( ) 2-NBDG

DCFH DCF

ROS

ROS

PI/syto9 ratio

(FE-SEM)

-galactosidase ONPG( )

ONP( )

 

DiBAC4(3)+ ( )
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DiBAC4(3)+

:

 

ATP ATP

ATP

ATP

ROS

ROS

ROS
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PI/syto9 ratio

ROS ATP  

Su (2011)

 

:

LPS

( )

complex I ROS

ROS ROS ( )

ATP

 

ATP (  2010)  

 

2-2-4

(Dilution) (Filtration) (UVGI)

(Photocatalytic oxidation) (Plasmacluster ions negative ions)

(Nanotechnology) ( Bolashikov et al.,2009)  
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2-2-4-1  

(Muhi  et al., 2006)

 

2-2-4-2  

(HEPA)

  

( )

,

 

( )

Zhang et al., 

2010   



 

29 

 

2-2-4-3  

UVB UVC (  2008)

DNA

DNA

( 2005)  

2-2-4-4   

( )

- ( 2005)

CO2

H20

 

2-2-4-5  

 

1. (PCI): 
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2.  

  

2-2-5  

2-2-4-6  

(Desiccant rotor)
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2-2-5

(Fletcher et al., 2008)

(Fletcher et al., 2007)

(Skromulis et al., 2012)

 

2-2-5-1  

(

) ( )

2 104 

ions/cm3 3 103 ions/cm3

( )

4 104 ions/cm3 (

2004) (2009)

1 103 ~6.2 105 ions/cm3

Wu (2012)

6 7 1

2 103 ions/cm3 1 104 ions/cm3
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 “Lenard effect”(Yamada et al., 2006

Laza, 2009)

( electrically generated negative ions ENI)

( water-generated negative ions WNI)

1×103 ions/cm3~1×104 ions/cm3 3 ENI

20 (Yamada et al., 2006)

 

1(Kolarž et al., 2009)  
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2-2-5-2  

(Parts et al., 2004 Wu et al., 2006)  

: O2 O OH O2

CO3 O2 (H2O)n NO2 O2 (H2O)n 

OH (H2O)n NO3 (HNO3)m(H2O)n O3 NOX H2O

O3 25ppmv O2 (Skalny et al., 2004)

Sekimoto (2011)

O3 HNO3 NO2

 

 
2- 3 (Sekimoto et al.,2011) 
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O2 OH2 OH 10-3 O2 NO3 (HNO3)2

NO3 10 CO3 NO2 1

2 16  

N2O2

NO3 N2O2 O2 O3 N2O O3 O O2 O3

O3 O O2

(

2006)  
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2-2-5-3  

(2.5 ) ( 2.5 )

IgA

IL-2 NK cells

IL-2 IL-4 IL-2

NK cells NK cells

NK cells (Otsuki et al., 2009)  

(NK cells)

NK cells

(Yamada et al., 2006)

(Deleanu et al., 2005)  

19 26

1.7×104 ions/cm3 15~20 20

(Laza, 2009)  

(Laza, 2009)

(Nakane et al., 2002) Skromulis
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2-2-5-4  

(Mendis et al., 2000)

Mycobacterium parafortuitum

( )

(Fletcher et al., 2007)  

4 TSA NA King’s 

media( -glycerol)

12 (

3cm 2×106 ions/cm3) 1% 250 Pseudomonas 

fluorescens 40% E.coli 32% (Tyagi et al., 2008)  

(2008)

( ) 70% 50%

50%

1.04×106 ions/cm3 50%

(2009)

5cm

5~12cm ( ) 50%
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3  

3-1

 ( air compressor )  ( active 

carbon HEPA filter )  (diffusion dry ) ( mass 

flow controller )  ( humidifier water bath )  

 ( Collison Three-jet Nebulizer, BGI Inc. )

 ( mass flow controller )  ( diffusion dry )

 ( Kr-85 Particle Charge Neutralizer, Model 3077, TSI, USA )  

(Model SL300, SPELLMAN,USA)

 

(PP)

 

 SKC 

inc.,Eighty Four, PA)  

(Model ITC-201A, ANDES, Japan )

( Temperature and Humidity Analyzer, Q-trak, Model18551, TSI, 

USA )  
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1.5cm

3-4  



 

39
 

 

 

          

 
3-

 1
 



 

40 

 

 

3- 2   



 

41 

 

 
 

3-1-2

1. (Collison Three-jet Nebulizer,BGI Inc.) 

(droplet)  

2. (Diffusion Dryer,Model 306200,TSI,USA) 

 

3. Kr85 (Kr-85 Particle Charge Neutralizer, Model 3077, TS I,USA) 

Krypton-85

4.  SKC inc.,Eighty Four, PA) 

AGI-30 sampler

(Jyotshna Mandal et al., 2011)

L/min

m/s 5  
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5.  

DC

(Model SL300, SPELLMAN,USA)

30.0kV 10mA

  

(dark discharge)

 

6.  

(PP)

 

38cm 79cm

1134 cm2 90L

( 3-1)  

(PP)

 

( : 900

) 

6~8

250  3-1
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3-3  

3- 1  

  

 100×100×1 nm  

 25 nm 
 

 

3- 3 ( 2009) 

7.  

(Model ITC-201A, ANDES, Japan)

0.5 cm2 V-1s-1  

10 ~1.236× 106 ions/cm3 ± 10 

ions/cm3

30 0.5

 

 
8. ( Temperature and Humidity Analyzer, Q-trak, Model18551, TSI, 

USA ) 

0-60 ( ±0.6 ) 5-95 RH( ±3 RH) Q-trak

CO2 CO  
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3-1-3

1.  

3- 2

bacteria    

   E.coli rod-shaped 
 0.3 to 1 by 1 to 6  

GMAD: 0.87 
GSD :1.16 

Chen and Li(2005) 
Jung et al (2012)  

B.subtilis 
rod-shaped 

0.89 to1.53by 
0.4 to 0.67 

CMD: 0.91 
GSD :1.4 

Carrera et al(2007) 
Agranovski et al(2003) 

fungal    

    C.famata spheroidal 
2.0 to 10( in diameter) 

GMAD :2.44 
GSD :1.15 

Chen and Li(2005) 

P.citrinum 
subspheroidal to 

spheroidal 
2.0 to 3.6( in diameter)

GMAD : 2.32 
GSD :1.26 2002) 

* GMAD: geometric mean aerodynamic GSD: Geometric standard deviation 

CMD: Count median diameters 
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2.  

 
3.  
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4.  
   

 

-80 0.1ml 40ml

(LB) 37 80 rpm 24

0.1ml (TSA) 24

50ml 37 80 rpm 24

0.1ml

30 300

 

10ml 5 ( 2500 rpm)

10ml

3

60ml  

-80 0.1ml 15ml

(LB) 37 80 rpm 5 0.2ml

(TSA)  

1/2 10ml

37 45rpm 24

80 30 10 (

3500 rpm)

( ) 10ml

3
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60ml  

-80 0.1ml 40ml

(YMB) 25 80 rpm 24

0.1ml (MEA) 48

50ml 25 80 rpm

24  

10ml 5 ( 2500 rpm)

10ml

3

60ml  

-80 0.2ml

(MEA) 25  

0.05% Tween 1ml

15ml 8~10ml

10ml 7500rpm 5

10ml

3

60ml  
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3-1-4

1.  

2.  

3.  



 

49 

 

3-1-5

3-1-5-1  

3-4  

3- 4  

3-1-5-2  

”

”(3M )

(100%Acrylic fiber) 2mm

2mm (100% cotton)

 

143cm 79cm

( :

900

)200ml

X

Y 

( 39cm 79cm)
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39cm

2.5cm

30ml  

(PP) 124cm

79cm

1cm

2.5cm

39cm 2.5cm

3-5  
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( : : ) 

 
( : :

) 
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3- 5  

3-1-6

(-12,0)

<0.01mA

 

 

 

3-1-7

L/min m/s

5

0.1ml

3-1-8

3-1-8-1  

3-2
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3-1-4 3-1-7

 

3-1-8-2  

 

3-1-8-3  
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3-1-9

3-1-10
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3-2

1.  

 

2. ( Mix Factor, MF )   

MF30, MF60( 2008)  

 

tbackground ,C

30, tbackgroundC  

 

 tbackground ,C

30, tbackgroundC  

)(,

)(,

3

3
30

30

C

m
CFU

tbackground

m
CFU

tbackground

C
MF

n

=

)(,

)(,

3

3

60

60

C

m
CFU

tbackground

m
CFU

tbackground

C
MF

n

=

×
××

×
=

− )(10)(

)(
)(1.0
)(

)( 3
3

3

L
mtLPMQ

mlV
ml

CFUN

m
CFUC

biosamplerbiosampler

biosampler

( 3-1)

( 3-2)

( 3-3)
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3. : 

 

 

 

4. : 

 
  

 

 

 

5. : 

  

: 

 

NAI/PP
η : (%) 

 
PP

η : (%) 

 

%100(%)R
1

5 ×=
C
C

%100(%)
1

51 ×−=
C

CCη

PPNAI/PPNAI/PPenhanced,
ηηη −=

( 3-4) 

( 3-5) 

( 3-6) 
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6. : 

 

 

 alNAI/materi
η : (%) 

 
Steel) essNAI(Stainl

η : (%) 

 

 

 

 

Steel) essNAI(Stainl
_

alNAI/materimaterialenhanced,
ηηη =

( 3-7) 
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4  

4-1

4-1-1

0.1ml

30 300

9.6×104

9.6×105(CFU/m3)

4-1

 

Cnebulizer(CFU/ml) Cbackground(CFU/m3)

 Minimum Maximum Minimum Maximum

E.coli 2.5×107 3.4×107 2.5×105 8.0×105

B.subtilis 7.5×105 1.3×106 4.0×105 5.8×105

C.famata 2.7×107 7.3×107 2.7×105 6.4×105

P.citrinum 1.3×106 3.3×106 3.3×105 6.4×105

E. coli C. famata

B. subtilis

P. citrinum

B. subtilis

P. citrinum B. subtilis

P. citrinum

P. citrinum
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(2008)

E. coli C. famata 1

30

E. coli C. famata 20

80 60 4-1 B. subtilis

P. citrinum 30 30

4-2

SKC Biosampler

( )  

 

4- 1 -E. coli C. famata  

E. coli C. famata 60

 

0.60 
0.74 

1.14 
0.76 0.77 

1.00 

1.21 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 20 40 60 80

M
F

E.coli

C.famata
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4- 2 -B. subtilis P. citrinum  

B. subtilis P. citrinum 30

 

4-1-2

E. coli C. famata

B.subtilis

P. citrinum

P. citrinum  

0.34 

0.66 

1.07 
0.80 

1.00 

1.12 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 10 20 30 40 50

M
F

B.subtilis

P.citrinum



 

61 

 

 

4-2  

 

  *  
 

 ( )  
E. coli 12 79% 24.2%
 13 88% 6.9% 
 14 89% 7.3% 
 
B. subtilis 4 98% 11% 
 5 165% 
  
C. famata 8  87% 4%  
 9  99% -  
 10 >120% -  
  

P. citrinum 7 79% 14.2%  
 8 96% 21.4%  
 9 106% 5.3%  
  

100%

100% E. coli

B. subtilis 4 C. famata P. citrinum

 

E. coli

C. famata P. itrinum B. subtilis E. coli C. famata P. citrinum

  

 
%100(%)R

1

5 ×=
C
C
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(2005) E. coli

E. coli  

4-3  

 

4- 3  

4-1-3

1.236×106(ion/cm3)

4-4  
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3.1kV

1.236×106(ion/cm3)  

3.1kV (Y )

(X ) (-12,0)

15cm

(6,12.5) 4-3 4-4  

 

0.0

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1

Stainless Steel

PP Filter
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4- 4  

 

(2006)

15 kV 1

0.5μg h 1 90L

0.03ppm 0.05ppm 8 8

) 15 kV

(2006)

    Y (cm) 
 
X (cm) 

0 5 10 15 
: 

1236
12  1 1  167  1236  20cm 
6  1 1236  1236  1236  25cm 
0  1236 1236  1236  1236  25.5cm 
-6  1236  1236  1236  1236  20cm 

   Y (cm) 
 
X (cm) 

0 5 10 15 
: 

1236
12  1 1 229 1236 19cm 
6  1 401 1236 1236 25cm 
0  395 1172 1236 1236 26.8cm 
-6  1236 1236 1236 1236 29cm 
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0.01mA 4-4 4-3 4-4

3.1kV

1.236×106(ion/cm3)

4-5  

 

    

  

  
    

     (x,y) 
      

 
 

(-12,0)  56  
3.1kV <0.01mA 

 PP Filter(3M) 
 

   
  B. subtilis E. Coli C. famata P. citrinum 
   4  LPM 
 (x,y) (6,12.5) 
  5  (P. citrinum 4 ) 

 12.5  LPM 

LPM

  25   

  45 55%  

: cm 
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4-2

 

 

1μm

Stainless Steel

( ) Stainless Steel &NAI PP

PP&NAI

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

 

Stainless Steel  100.0 0.0 6.9 

Stainless Steel &NAI 70.8 29.2 8.2 

PP  76.3 23.7 10.4 

PP&NAI 90.3 9.7 13.9 

PP&AgNPs/NSP 92.3 7.7 3.7 

PP&AgNPs/NSP&NAI 101.3 -1.3 10.8 
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E. coli

E. coli

 

 

 
4- 5 E. coli  

B. subtilis

B. subtilis ( 4-6)

 

B. subtilis E.coli B. subtilis E.coli

-15
-10

-5
0
5

10
15
20
25
30
35
40
45
50
55

(

%)
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4- 6 B. subtilis ( :Stainless Steel) 

 

B. subtilis

Stainless Steel  100.0 0.0 8.9 

Stainless Steel &NAI 67.8 32.2 4.5 

PP  89.8 10.2 8.8 

PP&NAI 82.3 17.7 8.8 

PP&AgNPs/NSP 97.3 2.7 2.1 

PP&AgNPs/NSP&NAI 70.3 29.7 11.0 

 

B. subtilis

22%

B. subtilis  

0%

20%

40%

60%

80%

100%

120%

0 37 73 109

( )
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4- 7 B. subtilis  

C . famata  

C. famata 4-8 4-8

13%  

 C. famata

%) %) %)

Stainless Steel  100.0 0.0 3.8 

Stainless Steel /NAI 81.6 18.4 7.5 

PP  68.6 31.4 20.3 

PP&NAI 75.9 24.1 16.0 

PP&AgNPs/NSP 99.7 0.3 4.8 

PP&AgNPs/NSP&NAI 79.6 20.4 10.6 

-15
-10

-5
0
5

10
15
20
25
30
35
40
45
50
55

(

%)
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4- 8 C. famata  

100% (Acrylic) 2%

(PP) (PP)

 

C. famata 100% (Acrylic)

( )

 

100% (Acrylic)

-15
-10

-5
0
5

10
15
20
25
30
35
40
45
50
55

(

%)
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Su(2011) Lin(2009)

(Acrylic)

C. famata 4-9 4-9

PAN polyacrylonitrile  

C. famata

Stainless Steel &NAI 81.6 18.4 7.5

PAN 98.4 1.6 8.3

PAN&NAI 82.7 17.3 7.3

PAN&AgNPs/NSP 106.8 -6.8 9.9

PAN&AgNPs/NSP&NAI 79.4 20.6 26.7

4- 9 C. famata

-15
-10

-5
0
5

10
15
20
25
30
35
40
45
50
55

(

%)
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P. citrinum

P. citrinum B. subtilis

B.subtilis E. coli C. famata

21%~41%  

B. subtilis P. citrinum 1/2

8.8% B. subtilis P. citrinum

(2006) P. citrinum B. subtilis

B. subtilis 10.2% P. citrinum

33.6% 3 P. citrinum 4-10

4-10  

 P. citrinum

Stainless Steel  100.0 0.0 4.1 

Stainless Steel &NAI 59.0 41.0 11.3 

PP  66.4 33.6 6.5 

PP&NAI 74.0 26.0 2.8 

PP&AgNPs/NSP 73.6 26.4 2.6 

PP&AgNPs/NSP&NAI 78.7 21.3 7.7 
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4- 10 P. citrinum

 

Zp(electrical  

mobility)

(field charging)

(diffusion charging) 1μm μm

(Brownian motion)

C. famata P. citrinum

2μm 1μm

1μm

C. famata P. citrinum

-15
-10

-5
0
5

10
15
20
25
30
35
40
45
50
55

(

%)
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Nmax:  

dp: (μm) 

En: ( 3 104  stV cm-1) 

e: (=4.8 10 10 stC)  

( CGS-esu ) 

P. citrinum C. famata B. subtilis E. coli

E. coli B. subtilis

B. subtilis

P. citrinum C. famata P. citrinum

( 4-11)  

4- 11  

 

(A) C. famata(cell) 
(http://www.lip-sas.fr/nos-produits/levures)

(B) P. citrinum(spores) 
(Wei,1993) [1] 
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1μm

4-12 4-13  

 

4- 12  

 

 

4- 13
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B. subtilis

- 20%

P. citrinum E. coli

-

P. citrinum <8% E. coli < 6%

 

C. famata

13%

E. coli B. subtilis

B. subtilis

E. coli

 

 

1.

Line-dipole 

fiber( 2005)

 

2.

 

3. 
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4-3

 

4-3-1

( 2006 2009) (electrical 

conductivity) (relative dielectric constant) (Surface 

resistance)

1016 /sq(PAN 1012~1016 /sq)( 2009)

1012 /sq

105~1012 /sq 105 /sq

( )

4-11~4-14

4-14~4-17  
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E. coli

Stainless Steel &NAI 29.2 8.2 

PP&NAI -14.0  13.6 

PP&AgNPs/NSP&NAI -9.0  9.6 

B. subtilis

Stainless Steel &NAI 18.4 6.7 

PP&NAI -7.3 22.4 

PP&AgNPs/NSP&NAI 20.1 10.0  

P. citrinum

Stainless Steel &NAI 41.0 3.3 

PP&NAI -7.6 5.3 

PP&AgNPs/NSP&NAI -5.2 7.2 
 
 
 
 
 
 

Stainless Steel &NAI 32.2 8.5 

PP&NAI 7.5 6.0  

PP&AgNPs/NSP&NAI 26.9 7.0  
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4- 14 E. coli  

4- 15 B. subtilis  

 

 
4- 16 C. famata  

 

 

4- 17 P. citrinum

-30 -20 -10 0 10 20 30 40 50

Stainless Steel &NAI

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-30 -20 -10 0 10 20 30 40 50

Stainless Steel &NAI

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-30 -20 -10 0 10 20 30 40 50

Stainless Steel &NAI

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-30 -20 -10 0 10 20 30 40 50

Stainless Steel &NAI

PP&NAI

PP&AgNPs/NSP&NAI

(%)
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(2009) (2008) (2006)

(2006)

(2006) 30nm 300nm

 

B. subtilis     

B. subtilis C. famata

100% 100% 

4-15 4-18 Cotton

100% PAN 100% PP
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4- 15 C. .famata
 

PP 20.1 17.1 

PAN 27.4 24.7 

Cotton 1.7 13.2 
 

 
4- 18 C. .famata 

 

E. coli P. citrinum

(2009)

E. coli P. citrinum

E. coli

”

P. citrinum

P. citrinum

P. citrinum

 

P. citrinum

P. citrinum  

-30 -20 -10 0 10 20 30 40 50

PP

PAN

Cotton

(%)
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4-3-2

4-16~ 4-19 -19~ -22

B. subtilis

 

C . famata 100%

3.3% E. coli P. citrinum

 

 

( )

105 /cm( 2009)
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E. coli

PP&AgNPs/NSP -16.0 7.6 

PP&AgNPs/NSP&NAI -11.0 15.3 

B. subtilis

PP&AgNPs/NSP -7.4 6.1 

PP&AgNPs/NSP&NAI 12.0 7.1 

C. famata

PP&AgNPs/NSP -31.1 18.0

PP&AgNPs/NSP&NAI -3.6 16.6

P. citrinum

PP&AgNPs/NSP -7.1 5.5 

PP&AgNPs/NSP&NAI -4.7 7.1 
 



 

84 

 

 
4- 19 E. coli

 

 
4- 20 B. subtilis

 

 
4- 21 C. famata

 

4- 22 P. citrinum
  

-50 -40 -30 -20 -10 0 10 20 30

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

(%)
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4cm 4cm

10 V

100%

3.1kV  

 

 
4- 20

( ) 

5 12.5 25 

0 53 34 26 

1 25 11 10 

( :V )    

 

4- 21
( ) 

5 12.5 25 

0 186 146 113 

1 171 127 103 

( :V )    
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4-23 4-24

 

0

50

100

150

200

5 12.5 25

(

V)

(cm)

0

50

100

150

200

5 12.5 25

(

V)

(cm)
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4-4

4-22~4-25 4-25 ~4-28 C. famata

 

4-8 C. famata

4-27

C. famata  

B. subtilis

5.5%~27%

 

( )

 

(2009)

E. coli P. citrinum

C. famata
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E. coli

PP&NAI -19.5 12.6 

PP&AgNPs/NSP&NAI -30.5 10.1 

 

B. subtilis

PP&NAI -14.5 3.3 

PP&AgNPs/NSP&NAI -2.5 7.2 

 

C. famata

PP&NAI 5.7 15.4

PP&AgNPs/NSP&NAI 2.1 11.1

 

P. citrinum

PP&NAI -15.0 1.7 

PP&AgNPs/NSP&NAI -19.8 6.9 
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4- 25 E. coli
 

 
4- 26 B. subtilis

 

4- 27 C. famata

4- 28 P.citrinum  

-50 -40 -30 -20 -10 0 10 20 30

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&NAI

PP&AgNPs/NSP&NAI

(%)

-50 -40 -30 -20 -10 0 10 20 30

PP&NAI

PP&AgNPs/NSP&NAI

(%)
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5cm 12.5cm 25cm
9 (1)

(2) (3) (4)
5 (5)

(6) 5  

: 

SEC(x,y)=(V(x,y) Vmin)/ Vmin 

SEC(x,y): (x,y) (V/V) 

V(x,y : (x,y) (V) 

Vmin  (V) (3) 25cm  

 

 

4-29~4-33  
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4- 29 -  

 

 

 
 

4- 30 -  

12.5

4-31 4-32  

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

1 2 3 4 5

(

V
/
V)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5

(

V
/
V)

5cm

12.5cm

25cm

 

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

4 5

 

2.5

2.7

2.9

3.1

3.3

3.5

3.7

4 5
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(

V
/
V)

 

 5cm  12.5cm 25cm 

 

 

4- 31 5 10 15  

        

 

5 12.5 25

12.5 12.5

 

 

 

 

 

 

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
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(

V
/
V)

5cm 12.5cm 25cm

 

 

4- 32  

        

 

 

4-33

 

 

 

 

  

   

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
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4- 33  

4-29~ 4-33

( )

79

 

 

C. famata (2009) ( 2.7kV)

C. famata P. citrinum C. famata

P. citrinum

0.0

0.5

1.0

1.5

2.0

(

V
/
V)

5cm 12.5cm 25cm
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C. famata

17%~24%

C. famata

 

4-5

 

C. famata

B. subtilis

 

 B. subtilis C. famata

(2006)

 

 

(ECR)

( 2009 2006)

P.

citrinum C. famata 30%
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20 40 60 80

( 4-34)

 

 
4- 34 20 15 C. famata

 

B. subtilis

B. subtilis

Lee(2004)

(electrostatic shield)

 

: 

0 0.2 0.4 0.6 0.8 1

Stainless Steel

Stainless Steel &NAI

Acrylic

Acrylic&NAI

PP&AgNPs/NSP

PP&AgNPs/NSP&NAI

(%)

40mins 60mins 80mins
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1.

(Shimada, 1990)  

2.  

 

 

C. famata B. subtilis

20% 27%

B. subtilis

4-35  



 

98 

 

 

: 

1. : 

C. famata

4-36  

2. : 

C. famata B. subtilis

 

 

 

30% (2006)
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APS(aerodynamic particle sizer) (AGI-30) APS

AGI-30

(Survival Facter SF) 15.5

Tyagi(2008) agar plate E.coli

3cm 2 104 ions/cm3 40

10% 75 15%

36~72

3cm

(diffusion  charging) (diffusion  charging)

 

4-35 4-37
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( ) ( ) 

 
  

  
 

 
B. subtilis B. subtilis

4- 35 B. subtilis  

 ( ) 

  

C. famata
 

C. famata
 

 
  

  

4- 36 C. famata  
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( ) ( ) 

  

( ) ( )

E.coli
B.subtilis  

P.citrinum
B.subtilis  

 
 

 
 

  

E.coli
 

B.subtilis P.citrinum
 

4- 37 E.coli P.citrinum  
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5  

5-1

1.

C . famata P. citrinum

31.4% 33.6%  

2.

 

3.

 

4.

 

5.
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6.

 

7.

B. subtilis

32.2% 10.2%

29.7%  

P. citrinum B. subtilis

B. subtilis B. subtilis

B. subtilis

21.3%~41.0%  

E. coli

B. subtilis (5.5%)

E. coli

E. coli
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C. famata

E. coli P. citrinum

13%
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5-2

1.

(

)

 

2.

 

 

3.
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4.

 

5.
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Agranovski, V., Ristovski, Z., Hargreaves, M., Blackall, P. J., & Morawska, L. (2003). 
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