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EVALUATION ON INDOOR ENVIRONMENT AND ALTERNATIVE VENTILATION METHODS
IN A SCHOOL CLASSROOM IN A COLD REGION UNDER COVID-19 PANDEMIC
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Taisei AKAMATSU, Taro MORI, Motoya HAYASHI
and Hirofumi HAYAMA

COVID-19 caused a global pandemic. The possibility of aerosol transmission has been pointed out as a possible route of infection, and

there are reports that conventional infection control measures are insufficient to counteract aerosol transmission. Therefore, this report

presents the results of an actual survey at a high school, including measurement of CO: concentration and a questionnaire survey, and

the results of an experiment to evaluate the attenuation of particle concentration by an air cleaner based on this survey.
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Table. 1 Outline of the classroom

General classroom Special classroom

Room volume 195m3
Level of floors 3F 1 4F 3F
Location on plane Central

Window-side South North

D

Fig. 1 M5 Stack and Sensirion SCD30
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Table. 2 Outdoor temperatures during the measurement period

6-25 9-1 10-1 111 115 12-11

Temp. (C) 19.4 22.3 15.1 7.7 5.6 -2.1
100%
80%
60%
40%
20% .
0% || —
Jun-Jul Sep-Oct Nov-Dec Jan

m Always open
Always Narrowly open

u Always half open
Open only during break time
Situation of Window-Opening ventilation
100%

I [ ]
80%
60%
40%
20% .
0% | —
Jun-Jul Sep-Oct Nov-Dec Jan

m Hotter than LY u Slightly Hotter than LY mSame with LY
Slightly Colder than LY ®mColder than LY

Comparison of warm and cold sensation with LY

Fig. 3 Survey Results
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Fig. 4 Comparison of Electricity Consumption between BC and AC
in High School A
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Fig. 5 (2364 & L7222 A~C (Room A~C) D - [X %, Table.
BICTHER LOEARA R, EEERORE T Fig. 5 O LHIA H
WTKFIZ R LTz, $7 T4 % —Lid, Fig. 6 ISR THERTH Y,
ZHEHWT=T ¢ 7 1(0.9 %HEALT b U 7 AKEIR) & B L
7o TEMERFBIIT AT X —F AT Uiz, bR
BB XOVS—T 4 ZVREOREIL, TNENT 47 v RTA 418
TR-76Ui, 7 A 7 v 7 tL#! P-sensor & A\ 7=, Table. 4 (ZFH/r—
AERT, HRBEMIBNTHRIB LOMIABEFETHDS . &
B Bz & 5 B #A K (Window) . #2 & 3% (i 12 L 2 # ik
(Ventilation). 224%1% V4 D% & (Air cleaner) DS A2 ZEHE L=, H
SRHASUITZEE A IRV TiE 150 mm, Z2f# B, C 128V Tk 100 mm
FTOBEPM Lz, 22 E bIRRMmMILH 1 RS ThHY
ZERD BB TAT DALV, ZERIEERILT A ) A4 — ¥ < kil
PMAC-100-S (Jil# 2.5m*/min) & PMAC-100(& & 2.4m*/min) %
A U, 220 O MBI 2 W 2 lETh v . T
X TR Thot, 2, WHEL HEPA 7 4 V2 —%2 05 5
BXTH B, 1 HEOIr— AL PMAC-100-S, 2 D7 —A1X PMAC-
100 ZfEMH L7,
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Table. 3 Dimensions and volumes of the experimental room

Width (mm) Depth (mm) Height (mm) Volume (m?)
A 4,500 3,800 2,700 46
B 11,400 12,800 2,800 409
C 7,300 4,400 2,700 87

| S
Fig. 6 Nebulizer

Table. 4 Experimental cases

Rc::m ROEC’) m Ro(;) ™ Ventilation clegi;er Window
1,13 1 1 Off 0 Closed
2,14 2 2 On 0 Closed
3,15 3 3 Off 0 Open
4,16 4 4 On 0 Open
5,17 5 5 Off 1 Closed
6, 18 6 6 On 1 Closed
7,19 7 7 Off 1 Open
8, 20 8 8 On 1 Open
9 9 9 Off 2 Closed
10 10 10 On 2 Closed
11 11 11 Off 2 Open
12 12 12 On 2 Open
3.3 EERKER

Table. 5~7 (2, #&[02(ACR) - At [0 (Equivalent ACR)
ER YRR O R R 2T, Fig. TICHUAREIEL & SR E ER o
BIfR A 7R T, SRR B DIE 5 M@ M & s i A b - 72, Fig.
8 YR D BIR A R T, YL I3 42 I O 22 KA B R I R
DIEEWDT LHETH D720, HRRIEDOFE LIZEDIE S A
REL polz, TNHOMBRERE ZC, [ L7 —AZBWTHEAM
B DIE D BEWER O E | BT T VI K D 2255
DA BB D FAI 24T - 7=,

Table. 5 Results in room A

ACR Equivalent
ACR Equivalent
Case Probability =~ ACR Probability
(h™") ACR (h'")
of infection  of infection
1 2.0x10"  2.6x10" 5.2x10" 4.9x10"
2 1.2 1.5 2.2x10" 1.9x10"
3 4.1 3.6 8.0x107? 9.0X102
4 3.3 2.8 1.0x10" 1.1x10"
5 25x10" 2.9 4.9x10" 1.1x10"
6 1.6 3.2 1.8x10" 1.0x10"
7 3.0 4.3 1.0x10" 7.5x102
8 4.9 6.0 6.7 10" 5.5x102
9 21%x10" 53 5.2x10" 6.3x102
10 7.7x10" 6.0 3.0x10" 5.6X102
1 4.6 1.0x10 7.1x10" 3.3X102
12 3.9 7.3 8.2X10" 4.6%102
13 2.0x10"  2.9x10" 5.2x10" 4.7x10"
14 1.3 1.3 2.1x10" 2.2x10"
15 2.0 1.6 1.5%x10" 1.8x10"
16 3.0 2.8 1.1x10" 1.1x10"
17 33x10" 2.6 4.6x10" 1.2x10"
18 1.5 4.0 1.9%x10" 8.1X102
19 21 3.9 1.4x10" 8.3X102
20 25 4.5 1.2x10" 7.3X102




Table. 6 Results in room B

ACR Equivalent
ACR Equivalent
Case Probability ~ ACR Probability
(h™") ACR (h™")
of infection  of infection
1 1.1x10" 1.8x10" 9.3X102 8.1X102
2 1.2 2.3 2.8X102 1.6x102
3 1.0 1.5 3.4x102 2.4x102
4 2.1 3.6 1.7X102 1.0X102
5 1.0x10" 57x10" 9.4%107? 4.9%x102
6 1.2 2.2 2.9x%102 1.7%X102
7 6.4x10" 1.2 4.5x%102 2.8X102
8 2.0 4.1 1.8X102 9.2%x103
9 1.0x10" 9.2x10" 9.4x102 3.5X102
10 1.0 3.1 3.3X102 1.2X102
11 9.1X10" 1.6 3.5%107? 2.2X107?
12 1.7 3.3 2.0x102 1.1X102
Table. 7 Results in room C
ACR Equivalent
ACR Equivalent
Case Probability ~ ACR Probability
(h™") ACR (h™")
of infection  of infection
1 1.8x10" 3.5x10" 3.3x10" 2.7x10"
2 4.0x10"  6.2x10" 2.5%10" 2.0x10"
3 2.9 6.2x10" 5.9x102 2.0x10"
4 2.4 2.4 6.9X102 7.0x102
5 1.7x10" 1.9 3.3X10" 8.5%X1072
6 1.1 3.1 1.3x10"! 5.5X102
7 3.2 4.5 5.3X102 3.9X102
8 2.8 4.9 6.1X102 3.6X102
9 1.7x10" 3.7 3.4x10" 4.7%102
10 1.0 4.7 1.4x10" 3.7X102
11 3.4 3.5 5.1xX102 4.9%x102
12 2.4 4.8 6.8xX102 3.7X102
o 12
2 10 ©
g~ 8
ic o
Z 4
a2
0
0 1 2 3 4 5 6
ACR (h™")
Fig. 7 Comparison of equivalent ACR and ACR
_ 06
& 05
®©
%—’I 0.4
i 2 0.3
@ 02
2 041
0.0

0.0 0.1

0.2

0.3
Using ACR

0.4

Fig. 8 Comparison of Probability of infection

0.6

34 BEETIVICEL HEFHE

BRI LD b SRR OO F 5 238 < 2o TR, B
TOREND “ILRFE LY ©/3—T 1 7V OREDIFE D HEIRERH
TEEL-ZEEEZEXDBND,

(1) 225D HEPA 7 4 V2 —IC L B 3—F 4 7 L O S
Q) =T 4 I MTEEN DK DFRIFE

Fig. 9 (228K O IRRE ) & U d, S Mtk %5y &
DOERERT, ERIGEHOLEREE S I, Sk o Fi & ERZEH O
BEBTRLAMETH Y, BALE h1 TH 5, FRAIER & S #sm
D E MBS D BRI O 2 7 LB Wi T 5,
FNENDOT —Z OB ZAT - iR AR L 5 IS
F¥5 0.8 L7220 WA OBICIXIEDOMHBENH 7, k> T, HEPA
T AN =L TR—=T 4 I NAPRESNDEENHR I N,
Fig. 10 (Z/3—=F o 7 )V ORI O EE OHERS % 759, BIETT - 727
BEOMRTHY | BHLKOZEM A IZBWTS—=T 0 Z V&R L,
FHEEE% BECKMAN COULTER #:8¢ HHPC 3+% i\ TRiERI O
T OHER 2 51 Lz, Zrds, FHUMERR O SN E FEBR & [FIfk D
HECIroTz, fER, MO L & HIZER 1.0 pm O/X—TF ¢
7 VDT B Okt LT, EA 0.3 pm D/ —T ¢ 7 VEHE
MMUT=, 7X=F ¢ Z VORISR LTI Lz, /NS WL
BOBBEIMLTI- L BEZDbND, Ko T, KIYDEFEDEBENHER
Sz,
FEROPEEZR L CHIET A AER L. 2205 G O S i
LR DR Z 4T > 72, q 1,P partice’ HEPA 7 4 V2 —Z X DR
DILFESY | 1P parcicle % /KAy DFEFEDOWF Sy & LT, @R RIS
FRAEZER L, hEMOTEET 5 @)X LS IThkotz,

AdPparticle __
4 at = Q (Po - Pcog) —q raPParticle - erParticle (2)
_p+aratQ,
Pparticte = P(O)e v (3)

VIZEFF(m?), Proricel T/ S—7 ¢ 7 VI (ug/m3), P cotd R{bix
FPLE (ppm)., P lIAVKUT I 2 “ IR (ppm),  Pgyld/S—
T4 7 VIREOPIHIE(ug/m?), QITHRK (M), qikZE R IO
AR m3h), n L7 4 VA —DRELETH D, QL qlIERELND
BEEICH D720, 1, &n % RKuE% L LT Microsoft Excel @ VL 38—
® GRG HMNZ L D7 4 v T 4 v 7 adT o7, KRB O TR
Thbd(m+qr,+Q)/VE, EHETH 5 Q/VOFH _FEN i/
LR DR OEE RS- 2 A, 1,=0.8, 1,=0.4 7257, Fig.
11 1, fERR L7288 7 v Blcssi 2 THIME & RE OBk Ch
%o ENENDOT —Z OB 24T o T FER FHEIRENL 0.9 &
20 BOWEESERSNTZ, LR T, RETAEHND Z &
TZELIH DR L) & FA B DTN A 1T 5 Z L AN FRETH
B, HRBA 2 RET 570 0 BKIEEEO B EORE A1
ZEMNTED, BlAIE, MO PREEA80 mP . 40 A(EHE,
TR R 1,200 m° BV T, HEHR RO }:57(600 m®) 4L KIE
# PMAC-100(8 5 2.35 m®/min) D &AMk & CRET 55, 6
BN EHEETE T,



Table. 8 The Case for Additional Experiments

8
. 6 H case Ventilation Air cleaner Window
o4 eeneee®t
% 2 o s L iaaeeeenett t. --------------- . 1 On 2 Closed
S o inzn: ......... LS J R=08 9 on ; Closed
£ , 0 1 2 3 4 5 6 7 3 On 0 Closed
a 4 e
-4 . . . .
Processing capacity of the air cleaner (h™") Table. 9 Equivalent ACR per grain size interval
Fig.9 The processing capacity of the air cleaner and Case KANOMAX  Model 3889 P-sensor
the difference between the equivalent ACR and the ACR 05-1.0ym  1.0-3.0ym  3.0-5.0um 0.3um-
1 3.4 3.8 4.0 3.8
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Fig. 11 Predicted and Measured Values
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