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Introduction : Bioaerosols
Biological pathogens can be transmitted by aerosols from person to person, leading to outbreaks

Transmission

COVID-19 Crisis

Bioaerosol

airborne particles with biological origins
such as virus, bacteria, fungi (molds), 
endotoxins, mycotoxins, spores, pollen, 
allergens      
and other animal or plant-based matters.

Aerosol

airborne particles

2021.05.07

Air quality control via thermo-fluid aerosol engineering
is required for prevention of COVID-19 transmission.

è COVID-19 transmission by bioaerosols



Introduction : Indoor air quality

Air filters for indoor air quality

Transmissions in indoor air

from leaflet of the Office of the Prime Minister and the Ministry of Health, Labor and Welfare of Japan (2020)

Inlet

Outlet

Recirculation

Biologically contaminated filter 
èMicrobial growth
èMicrobial volatile organic compounds (MVOCs)

Verdenelli, et al. Journal of Applied Microbiology (2003)



Background
ü Two-stage electrostatic precipitator (ESP)

[1-Stage] Charging part [2-Stage] Collection part
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ü Ozone generation from ESP ü Biological contamination of collection plate
Doremalen, et al. The new england journal of medicine (2020)



Objectives

Objectives of the present research

Diameter ≈ 7 μm Antiviral film

Carbon brush ionizer
Kim et al. (2011), Aerosol Sci. Tech.

Antiviral coating

ü Previous research

Ground plastic coating Collection plate coating

PP coateduncoated

Lee et al. (2022), IEEE TRANSACTIONS ON 
INDUSTRY APPLICATIONS

Touch screenElevator switch

Bharadishettar et al. (2021), Metals



Experimental methods
ü Dry-aerosol coating method via spark discharge



Experimental methods
ü Specification of the ESP

<Collection part>
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Experimental methods
ü Removal and antiviral efficiencies of the ESP against aerosolized viruses

(lab-test)

Charging part Collection part

viruses-laden 
air flow

Clean
air flow

Clean air 
supply 
system

Charging
part

Collection
part

200 
mm

Scanning Mobility 
Particle Sizer (SMPS)

Plaque assay

Detachment and Serial dilution

Detachment and Serial dilution

RT-PCR

DNA(or RNA) amplifying method

For MS2 bacteriophage

For H1N1 and Human-coronavirus

A
fter collection for 60 m

in



Collection 
plate

Collection 
part

Charging 
part

Experimental methods
ü Design of air handling unit in the building indoor air conditioning system

Diffuser

Antimicrobial ESP

Exhaust 
duct

Diffuser 
duct



Experimental methods
ü Air handling unit of a building office (actual test)

location of 
air handling unit 

air handling unit 
with ESP system

Airborne 
pathogens
generator

Door

air 
supply

air 
exhaust



Results
ü Surface with aerosol-coating areal densities ü Collection plate of the antiviral ESP



Results
ü Size distribution of virus particles ü Collection efficiency of the ESP

MS2 virus, Vcollect: -12 kV, Uface: 2 m/s, RH: 35%



95.35%

94.25%

92.82%
94.82%

Results
Vcharge: -9kV, Vcollect: -12kV, Uface:2m/s

Inactivation efficiencies against aerosolized viruses (Lab-test)

Uncoated

Coated
6.0*107 #/cm2

Air handling unit (Actual test) 

98.72%



Future works
ü Long-term test of air handling unit

Air supply 1 Air supply 2 Air supply 3 Air supply 4 Air supply 5

Air supply 6 Air supply 7 Air supply 8 Air supply 9 Air supply 10

Air supply 11 Air supply 12 Air supply 13 Air exhaust 1 Air exhaust 2

AS1 AS2 AS3 AS4 AS5

AE1

AS6

AS7 AS8 AS9 AS10

AS11

AS12 AS13

Door

Door

AE2



ü Long-term test of air handling unit

<During installation> <After installation>

Future works



Conclusion
Summary

Collection plate aerosol coating Airborne virus test Antiviral air handling unit





Experimental methods
ü Antimicrobial effect of the ESP

virus Captured and inactivated

Re-suspension Serial dilution Incubation (37℃, 1 day)

U-APB
solution Specimen of 

Collection plate

HOST+ viruses +Soft Agar

Plaque counting

𝜂!"#$ = 1 −
𝑃𝐹𝑈%"& '(!#)*
𝑃𝐹𝑈+"'(!#)*

Charging part Collection part

viruses collected ZnO-coated plate

viruses collected uncoated plate

∗ ηanti : Antiviral efficiency
∗ PFUZnO !"#$%& : virus plaque number from ZnO coated plate 
∗ PFUuncoated : virus plaque number from uncoated plate

① The viruses were collected on a collection 
plate of ESP for 60 mins.

② The elution process for pathogen particles 
from the plate sample.

③ The eluted viruses in the solution were 
incubated via single agar layer method.

④ The concentrations of viruses and the antiviral 
efficiencies were calculated .

Collection (60 min)



ZnO
nanoparticle

v Synthesis method of antimicrobial nanomaterial
• Metallic nanomaterials : Several of them have been widely used as antimicrobial agent [1]

(Ex: Ag, Ag2O, TiO2, Si, Cu, CuO, ZnO, Au, CaO, MgO)

Zn  
Electrodes

ambient 
air flow

spark

vapor
atomic
cluster primary

particles aggregates
agglomerates

[1] Dizaj, et al. Materials Science and Engineering: C, 2014, 44: 278-284.
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v Infection Routes
• Airborne infection:

• Droplet infection:

One that is contracted by inhalation of microorganisms or spores 
suspended in air on water droplets or dust particles

Infection due to inhalation of respiratory pathogens suspended on liquid 
particles exhaled by someone already infected 

• Contact infection:
Direct physical contact (body surface to body surface) between 

infected or colonized individual and susceptible host

“The viruses can remain suspended in the air
long enough to be dispersed”

“viruses can exist in the air of hospital rooms
and also in human breath”

“Large scale outbreaks of SARS were caused 
via airborne exposure routes”  



1. Bioaerosols were generated from a 
Collison –type atomizer(TSI model 9302). Air 
flow rate was maintained at 2 lpm. . 

2. The bioaerosols passed through a diffusion 
dryer to remove moisture.  

3. The bioaerosols passed through an 
aerosol neutralizer to be electrically 
neutralized. 

4. The bioaerosols were diluted by clean air 
in the diluter. (dilution ratio: 12.5 - 50)

v Bioaerosol generation



v Antibacterial mechanism of Metallic nanomaterial

• Interaction with P or S compounds of cell surface.
• Generation metallic ion which can easily interact with cystein, guanine or thiol (-SH)group of the 

enzymes. 
• Generation ROS such as superoxide (•O2

-), hydrogen peroxide (H2O2), and highly toxic hydroxyl 
radical (•OH) 

• Interaction with K+ or Ca+

23



v Antiviral mechanism of Metallic nanomaterial

• lysing viral membranes on contact or by binding to virus coat proteins

• Nanoparticles bind with a viral envelope glycoprotein and inhibit the virus by binding to the 
disulfide bond regions of the CD4 binding domain within the HIV-1 viral envelope 
glycoprotein gp120.

• Interact with the hepatitis B virus (HBV) DNA and extracellular virions with its different size, 
and could inhibit the production of HBV RNA and extracellular virions.

• Denaturing enzymes by reactions with sulfhydra, amino, carboxyl, phosphate, and imidazole 
groups.

24



v Attachment [1]

Bacteria

Metallic 
NP

Cell Wall (Sulfur containing protein)

Plasma membrane

DNA

Ribosomes

Cytoplasm

• Metallic NPs incorporated into the bacteria membrane, thus inducing a formation of pits. 

• Electrostatic force
• Diffusion
• Impaction & Interception

“pit”
Cell Wall

Metallic 
NP

[1] Lemire, et al. Antimicrobial activity of metals: mechanisms, molecular targets and applications, Nature Reviews Microbiology, 2013, 11: 371-384. 25



• Metallic NPs (especially, Ag and Cu) are usually reactive to phosphorus or compounds which are included in cell wall of 
bacteria, inducing the denaturation of wall protein.

• Attached metallic NPs destroy cell wall and change cell permeability, which alters bacterial metabolism. 
• Then, cytoplasm of bacteria is leaked through destroyed cell wall.

v Attachment [1]

[1] Lemire, et al. Antimicrobial activity of metals: mechanisms, molecular targets and applications, Nature Reviews Microbiology, 2013, 11: 371-384. 26



v Interaction with cell membrane [1,2]

• Also, metallic ion can destroy cell wall.
• The mechanism of the antimicrobial action of metallic ions is closely related to their interaction with thiol (sulfhydryl) 

groups included in amino acids, such as cysteine, which composes cell wall.

R-SH+Ag+ ↔ R-S-Ag+H+ [2]

[1] Lemire, et al. Nature Reviews Microbiology, 2013, 11: 371-384.
[2] Jung, et al. Applied and Environmental Microbiology, 2008, 74: 2171-2178. 27



Bacteria

Metallic 
ion

v Interaction with functional group of enzymes and DNA [1,3] 

• Metallic ion이 세포의 plasma나 cytomembrane 의 효소 functional group과 결합하여, 세포 내의 K+ 이온을 방출 시키는 역할을
하여 세포를 불활성화 시킴

• Ag ion의 경우, 세포 내 구성물 중에서 인산 그룹 보다 DNA와 더 잘 반응하는 성질이 있으므로, DNA와 반응하여 세포분열을
제지하는 역할을 함. 또한 DNA의 구아닌 성분 중 질소와 결합하여 DNA를 변형을 야기함.

Guanine

Ag

Ag

[1] Lemire, et al. Nature Reviews Microbiology, 2013, 11: 371-384.
[3] Benetti, et al. Materials, 2020, 13: 784. 28
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u Adhesive forces
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< Adhesive force due to a liquid film >< Van der Waals adhesive force >

F!"# =
Ad
12x$ F!"# =

𝐾%𝑞$

𝑥&$
F!"# = 2πγd

< Adhesive force due to a electrostatic force>

+ + +
+

+
+

+++
++
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A : hamaker constant,
d: Particle diameter

x: separation distance

•Ref) “Aerosol Technology”, Hinds (1990)

𝐾! : constant of proportionality,
𝑞 : charge

𝑥" : separation distance of
opposite charges

γ : surface tension of
the liquid

d : particle diameter

Force(N)

Diameter
(㎛) Adhesion Gravity

Air current
(at 10m/s)

0.1 10-8 5×10-18 2×10-10

1.0 10-7 5×10-15 2×10-9

10 10-6 5×10-12 3×10-8

+
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Theory of an electrostatic precipitator

w : Migration velocity
Dp : Particle diameter
Qp∞ : Charge of a particle 

-
-

Negative H.V

cpe EQF ¥=

upd 3π w/CDF µ=

=¥
pQ

Drag force

Electrostatic force

μ : Dynamic viscosity of air
Cu : Cunningham correction factor
Ec : Electric field of collection stage

Deutsch equation
-wA/Q
eη -= 1

w : Migration velocity
A : Collection area
Q : Flow rate 
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Migration velocity
μ : Dynamic viscosity of air
Dp : Particle diameter
Qp∞ : Charge of a particle 
Cu : Cunningham correction factor
Ec : Electric field of collection stage

Cochet’s charging theory
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λ : Mean free path
ε0 : Vacuum permittivity
εr : Relative permittivity of a particle
Ep : Electric field of pre-charging stage

W. Deutsch, Ann. Phys. (1922)

K. R. Parker., “Applied electrostatic precipitator” (1922)

R. Cochet, Colloque International La Physique Des Forces Electrostatiques Et Leurs Application (1961)
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Theory of an electrostatic precipitator

w : Migration velocity
Dp : Particle diameter
Qp∞ : Charge of a particle 

--

Negative H.V

Migration velocity, w (m/s)

μ : Dynamic viscosity of air
Cu : Cunningham correction factor
Ec : Electric field of collection stage

Deutsch equation
-wA/Q
eη -= 1

w : Migration velocity
A : Collection area
Q : Flow rate 
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Migration velocity
μ : Dynamic viscosity of air
Dp : Particle diameter
Qp∞ : Charge of a particle 
Cu : Cunningham correction factor
Ec : Electric field of collection stage

Cochet’s charging theory
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λ : Mean free path
ε0 : Vacuum permittivity
εr : Relative permittivity of a particle
Ep : Electric field of pre-charging stage

W. Deutsch, Ann. Phys. (1922)

K. R. Parker., “Applied electrostatic precipitator” (1922)

R. Cochet, Colloque International La Physique Des Forces Electrostatiques Et Leurs Application (1961)

Flowrate, 
Q (m3/s)

Collection area, A (m2)


