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Abstract: Bioaerosol refers to a state in which biological factors are dispersed as fine particles in a
gaseous environment. It has been reported that it not only pollutes indoor air quality but is also included
in outdoor atmospheric aerosols, affecting the spread of contagious diseases. Therefore, it is necessary
to develop technologies to effectively detect and reduce it. In this study, a nanobubble generating system
was developed using the potential energy of nanobubbles and applying an electrochemical process using
DSA electrodes for concentrating negative ions on the surface to increase the residence time by
improving the stability of nanobubbles. In addition, an air purification system for reducing bioaerosols
was developed, and the reduction trend was confirmed through the analysis of ATP activity of
Staphylococcus epidermidis, and performance evaluation were performed to optimize operating
conditions through airborne microorganism and airborne virus reduction chamber tests. The nano-
bubble generator was operated under the optimal operating conditions derived from previous research.
Experiment were conducted to select the contact method of nanobubbles and bioaerosol in the air
purification system, the amount of air flow, and the input amount of feed water. As a result of the
experiments, the reduction efficiency trends were changed according to the level of nano-bubble water
in the air purification system reaction tank and the amount of air flow. It was confirmed that the method
of directly contacting the bioaerosol to the nanobubbles was efficiently reduced compared to the method
of spraying the nanobubbles. Finally, the experiment was carried out by spraying and direct contact
mixing, and the optimal operating conditions were selected as nanobubble nozzle spraying amount of
10 L/min, blowing amount of 2.25 m*/min, and supply water amount of 40 L. When operating the system
for 10 minutes, Staphylococcus epidermidis showed a reduction efficiency of about 99% or more,
showing the highest reduction tendency. In addition, as a result of the reduction efficiency test of
airborne microorganisms and airborne viruses through chamber accreditation tests, it was confirmed that
each was reduced by more than 99.9%, and bioaerosols were effectively reduced through the device
developed in this study.
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[ 1] Ho]l oo 2E A3t 43 24k

[Fig. 1] Schematic Diagram of Bio-aerosol Reduction Experiment
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[Table 1] Bio-aerosol Reduction System Specification

Spec. Description Spec. Description
Nano Bubble Pump (Max) 20 L/min Air Blower (Max) 2.5 m3/min
(circulation)

Cathod: Ti, Anode: Ir-Ru-Ti

Electrode (mesh type)
Electro 50 (mm) x 50 (mm), 10 set )
chemical Bio-aerosol Reactor STS 304, ®500 x 1000 (mm)
reactor

Reactor STS 304, ®100 x 200 (mm)

22 AR F A

© ATelA Hbejeeo2E: Az AlAFle HHY 2 = AAE HA& AR
EA T PEe AU BANA Sapl BAE, Apge] sReldE wage g
Y73t &= Staphylococcus epidermidis ATCC 12228 +E5 ATCC (American Type Culture

Collection, USA) A Fuljsto] AF8-3} T o+ Fluid Thioglycollate Medium (DifcoCo,
USA) A viAlel 0.1 mL F3F 5, 37°C vlF7]olA 18417t &t BA g skl

A AlFo|A = vAE A7 A5E7HE 98l Staphylococcus epidermidis ATCC 12228
5 AREsIglon, wloly~9 A7 AsH7ME $38] Bacteriophage Phi-X174 ATCC
13706-B17} Escherichia coli ATCC 13706 <5 A3t &2 AF&-3}3l T

23 AF 4y

ATl A AR e HE BAGAE S APdE HES] AV Bk B4

3l %4 AH]Ql NS300 (Malvern, UK) 40| = *}%6}%2‘# L
g T EEd HAH 91 (OFFT “ff%‘i_]r - 20 L/min,
71

TUZF - 80 mL/min, @ DSA A= AFEX= - A/mz) 3}l

Lumitester(Kikkoman, Japan)
Z4akelth
EE, AR AY A4S S =3 A4 29 24 298 EdE SAEE IS0
T g

16000-36:2018° we} - w A=}
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[Fig. 2] Characteristics Nano-bubbles Average Size and Concentrations
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[Fig. 3] Bio-aerosol Reduction Tendencies Depending on the Spray Amount of Nano-bubble from Nozzles
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[Fig. 4] Bioaerosol Reduction Tendencies Depending on Blower Flow Rate and Nano-bubble Surface
Height
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[Fig. 5] Bioaerosol Reduction Tendencies Depending on Blower Flow Rate and Nano-bubble Surface
Height in Mixed Nano-bubble Contact Method
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[Table 2] Bio-aerosol (Airborne Microbial and Virus) Reduction Test Results Through Chamber Test

Results
Item Initial Concentration Final Concentration Reduction rate
Staphylococcus epidermidis 4 3 3 o
ATCC 12228 1.6 x 10*(CFU/m’) <10 (CFU/m’) 99.9 %
Bacteriophage Phi-X174 " 3 3 o
ATCC 13706-B1 3.2 x 10*(PFU/m?) <10 (PFU/m’) 99.9 %
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