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Analysis on Applicability of Air Purifiers in Schools to Prevent
the Spread of Airborne Infection of SARS-CoV-2
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Abstract The social and economic losses caused by viruses such as SARS-CoV, MERS-CoV, and SARS-CoV-2 has been
serious. In this study, the size of airborne droplet nuclei particles and the number of virions generated by speaking or
coughing were analyzed. Particle collection efficiencies of E11 and H13 grade air filters used in commercial air purifiers were
evaluated for different particle sizes and the possibility of removing the airborne droplet nuclei particles by air purifiers was
studied. In addition, the reduction of SARS-CoV-2 virion concentration and dose by using air purifiers was theoretically
investigated for elementary school classrooms. When an infected student continuously emits virions with a rate of 6.0 X 10°
virions/h in a 165 m>-sized classroom, the virion concentration and dose was estimated to be reduced by more than 60% by
using an air purifier of clean air delivery rate (CADR) 780 m*/hr and by more than 70% by using two air purifiers (that is, CADR
1560 m3/h) compared to when not in use of the air purifier. However, to prevent the spread of infection by the air stream
generated by the air purifier, it is necessary to operate an instruction for using the air purifier such as facing the air outlet
toward the ceiling and installing at least 50 cm away from occupants.
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Fig. 1. Average number of virions in a droplet for 0.2 um
and 4 um dried droplet nuclei.
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Fig. 2. Collection efficiencies with particle size for E11 and
H13 filters used in air cleaners.
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Fig. 3. PM, s reductions with time in 1*tand 2" grade class-
rooms by operating an air cleaner (CADR 780 m%/h) in an
elementary school in Seoul.

Et] W Hho]# A FEE 1% 10® copies/mLE 5H5]
S o vpola] A QAF WA 172 12 um F7]ol|A]
2.1X 10’ virions/h, 20 um 7] 4] 9.8 X 10° virions/
ho|B2 HHAH O R 60X 10° virions/h7 HAYS}
o 7Hg sk

WA 7Y mhE o T YT &4 ke
AA WA PM, s T 5G] Hel2 R E 54
SHATh Kinp2 Q2+ 2719] g7t obd A8 7)W=
of oJgt JgFolnz WA We PM, 9] Tk ¥t
HE] 2Ho| 715 Ao 2 mhstyich 18 32 A
Al A&9] gF st 1, 28hd W Ao] tis] CADR 780

m*/ho| 71447 7Ve A HAsHs PM, 5 BIAH
A BEE 2% ANE BelFm 9tk A ()]
Kiny=02h7 AH8019S tlo] ol2 oz e 4

ket & dxoh= AL AT 4= itk whEba] Al

el 71d Aol oot &4k, ,=02h7'S A
gotodct. S 4 um HE gApe] HFzpe] ot &4
K jepi Shaughnessy and Sextro (2006)2] 19 55 3
Z3le] 2.6h712 A5,

9 458 I 72 4um 2719 v Ao o
Sff WA o] viole| A F Wake} Bl Ae]
= H3E 4] (5)F Bl sfAe AE HolFar gl
oh 19 4= w4 ol Az 1Y A of AzE

SV |1tstE|x| H 36 EH M 6 5



TZLH19 HIo[2{AS| S7|HH

2000

——No action
1800 ~| == -Ventilation 540 m¥h
— = Air cleaner 1 EA CADR 780 m%h

1600 | - Air cleaner CADR 780 m¥h + Ventilation 1 hr-!
~~~~~~ Ventilation 6 hr-'
1400 | —— Air cleaner 2 EA CADR 1560 mih
1200
1000 Virus generation rate : 6 x 10 virions/hr

Deposition rate (4 um) : 2.6 hr'
Infiltration decay rate : 0.2 hr-
800

600

Concentration (virions/m3)

400

200

Time (hr)

Fig. 4. Virion concentration changes in a classroom with an
infected student for various air purifying methods.
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student for various air purifying methods.

[eNe) 2~ &
UAeE & % Uk @

AL o] "iolg|iof kEdE 4
H 63]/h 7] 2HNAE= 7070 A== (2F 64% A7)
LEFS EY 5 UL 3718471 19 AR A 8o7h
AL 2 (9F 59% A7), 2t AR A] 5070 A= (2F 74%

A 7] g 0l Ao = UEbTh

3.2 %

T 219 Hlo]2 A
u HERr el
471 AFe R Al ks
7Hssitt. thet 9]}

< Hol# 27 A1 &54
Aol Fobd &
o2 ARgste] F7] £ Hiel e

12 S71d9e ARd= ‘%5‘4%‘—% -

riot
ol
=
R

ofd
N
N
N

fr
nﬁﬁu&
rr ol rol, N4 1o

i)
i o 4N 39 & orjr L do

rlo

-
i
o
et
B
S
S
=
_(24 R
re.

of
g 4
Y
o
~
gg

ﬂ%ﬂﬂm A
4 37191 715
2 w2q 571447

7

i<y
Fo
rr
_1?:.

ﬂﬂom

i
S
g N
%
=
lo g ™

off lo rL M WY
L)
_E
N
N
2

%
o)
)
jin4

=)

HH“ Elo]l

Tlo

1o

2t F3Fo] 0.3 m/s ©|5H= df
L mhEbA] Ao A F713 7]

o ot
o,
N
N,

.

o
+

Ho
ol
N
o i
23

i

d
il

HZIEH, Ledof, I, MRS

300

No action

—— Ventilation 540 m‘h

——Air cleaner 1 EA CADR 780 m¥h

Ventilation 6 hr-!

Air cleaner CADR 780 m'h + Ventilation 1 hr!
——Air cleaner 2 EA CADR 1560 m*h

250

200

Initial virions conc. : 1300 virions/m*
Deposition rate (4 um) : 2.6 hr-!
Infiltration decay rate : 0.2 hr-!

No action

150

Dose (virions)

100

0 10 20 30 40 50 60
Time (min)

Fig. 7. Virus dose on uninfected students in a classroom
with initial concentration of 1300 virions/m? without an
infected student for various air purifying methods.
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