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SOOI ABRED IR E T D3 (2)

FEIOFHRE L TRTER ES PO TROINEN?
=gl

P m=mnis rFas

F—T—F i aat A AEGE(COVID-19), 5 (Ventilation), Z25&H44 (Airborne Infection),

Wells-Riley &7 )V (Wells-Riley Model)

BAETE, FROOF VMV ABRLEITAEL
MR 1= 2020 EQOVHBEBREHL S, VTR E2—FEUX
JEBEDQEHICBERITEL LD EVWD ZETHER
DEEMHIEHSIH, EEFBHETIIIAHSLY
30m*h D|REEREHELTVD, ZO—HT
BAEEZOBRELS 1 AHEYUOBRRERROFEMN
KOV TRBTLEBASHEE-STIFVEL, AT
FERBEREOBRLEREREBE AT, BEHED
BahoZRBELY XV EEKET 5 -HDLERTE
HEIROTROBNEDPITOVWTEET B,

32 C &I

2019 4F 12 AP ERET CREAHOM 23564 LT
6, BECHEICEHRTHE IS 4V RERHENF A
L, 1ERBRDZONHEOEMIZE R R WIRKIZ
H 5o EHETIIEGILE RO 20204E 2 AKX H EFTD
7 IRy —BEHRAEICEOE Y, HEMRSFIIEREGD
FEICET L3208 OY) A7 Y% 3 A9 HICHRRL,
Bl a7 4 )V RIEGHE O 25RO W REME & R %
BV CHRIE L 720 2440, WHO (it FAREREREE) 22k E CDC
B TPHER L v &7 =) IZ BR[O RIS WTIER
LM TH 57205, TOHDY T A —EHLRETHEF
ACHREERL, Z5REGOWREICIOVWTERLTY
%00, JTAETIEZFOR, EAEFZEHE I EARN LR EK L
L CRSEWEAE D Z ALK FE(CO) EIHETD %
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DI, ZBRURYIE O EGMESR 2B 2 AT R R kD
BREG) A 7 MK O 720 O MEHG B DE 2 T ITDOW
THE 9 %,
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M BGATR IR BRI BENEG L TV 2 1T S R W 2
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2. Wells-Riley BLMHERTET IV
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HFAHET D EET 5L, W quanta i (R) O R 2 1L
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R
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to REBIRER [h]
Iy, BH 0~t[h]DPHENEREITKRD L) ITE
TIENTE S,
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MBS B TREMEIEETE 2V,
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How should we determine the ventilation rate
as a measure against COVID-19 ?

Takashi Kurabuchi*

Synopsis In Japan, from the early stage of 2020 when
the COVID-19 infection began to spread, the importance
of ventilation was pointed out by saying “Avoid the
three Cs” to avoid the risk of cluster occurrence, and the
Ministry of Health, Labor and Welfare recommended to

459
BEFESPOTRDINEN? BHl &

secure a ventilation volume of 30 m*/h per person. It is
based on epidemiological findings on the risk of nosoco-
mial infections of tuberculosis in Canadian healthcare fa-
cilities. On the other hand, the Wells-Riley infection prob-
ability model has been proposed for the purpose of
evaluating the risk of airborne infection of respiratory
diseases. This paper outlines the Wells-Riley model and
its variations, and considers the significance of ensuring
per capita ventilation based on the Wells-Riely model.
(Received January 30, 2021)
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(2021/3/10  J5ifssz3)

Natural Ventilation and Prediction of Infection
Risk

Toshio Yamanaka*®

Synopsis Natural ventilation is quite an effective
method to ventilate rooms, but the merit and defect
should be well understood before using or planning this
ventilation system. The natural ventilation requirement
for health-care facilities is 160 L/s (576 m*/h) for one in-
fected patient, and this corresponds to double of ACH of
12 1/h with a room volume of 24 m®. In order to take
into account for ventilation efficiency and lifetime of vir-
ous, the evaluation method based on the impulse re-
sponse is valid, and it can be said that the room air vol-
ume is also important in addition to ventilation rate in
the case of accounting for the lifetime of virous.

(Received March 10, 2021)
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Learning from Outbreaks of COVID-19 Infec-
tion

Masayuki Ogata*

Synopsis Vaccinations have begun against the
COVID-19 pandemic, but the possibility of further epi-
demic in the future remains high. It is necessary to carry
out the infection countermeasure continuously until the
epidemic is settled. In order to implement the counter-
measures, it is necessary to understand how pathogens
are transmitted in the target environment and to consid-
er effective methods to prevent them. It is desirable to
determine the method based on quantitative analysis,
but there are very few detailed investigations. Therefore,
the next approach is to understand the conditions com-
mon to cases of infection and minimize the factors that
promote infection. This article describes the infection
routes and countermeasures for SARS-CoV-2 and ex-
plains cases of mass infection in COVID-19.

(Received March 10, 2021)

*

Tokyo Metropolitan University, Member

RBAHAT B0

P 2R E N/ M TR R R

T EE ke 25k 25 e ) o T T 2 2 L U S 10
Sy B/ L (T2)

o o be

RN - BETE 55 E $£65 23



SHASE-M 0001-1-2015

MHARI-YIRV—Y 3 V05 - T & ER

miiﬁﬁ T b B 425, T— VAl —Ya v Dif
CEREI AT I H D EBN I OBRBEICHEI SO NS L9 ITHE
&%ﬁoto

E7o, THRERDFRICMALTEY . EHEEORE S THED
JiZ lZHEH LT 27205 b0 LHIfEL T b,

p o= 2
18 a-Y1ixL—2 3 DER
F28 - 1xL—2a > OEASHE
£3F O—-xl—aOERKRST
48 O3-—-Txl—Ta nEREHE
58 O—T1xL—2aOBEkiks
E6xm O—Trzxl—Talt&EHE
g7 O—-J1zxlL—alnREE
T &%
N J

#1TH FR27% 3 A25H
4 #; B5¥| 289EH
fli #& 4,950 A(A&{F4,500A+F10%) = E1fi1E 4,455 A (A1K4,050A+F10%) FEFFIE

CHEXIE, FRICTEADL, FAX(03)5206-3603(Z SifAH - GIETHR)ICTHBEULAKL EEW,
& | sus Ex B 2
v — =
TlE AT TEL FAX gl T




¥ %

A 0T VT I ARZIEDRINEZT DXIR(2)

b VZEEICHIFSD COVID-19 DRFRUR T &

BALEIC @I TEEZREN [ & 3RRR
KI5 e

]

ERZHRAT ERE

F—D—K:FBaaF v A0 R EYE(COVID-19), A M 33 B #E (SARS), b A L 22 (Toilet
Space), A LB (Plumbing System), f#iZE#%H (Plumbing Fixtures), KM 1

(Drainage, Waste and Vent System)

BEBENDEBEAREETEAH—T > TOSARS ®
ALY ELER - TYHEZRETOHOCOVID-19 D A
IWARBEEBEHIZASNhDI LIS, EEDKEHIDZE
B, LUbhlt, b LEBISHHE - SR, BTERERE
BHOFEOEEDITHICEY, BREEORERERV
BZI— BB RTBIFEICE V. XRTIE, —
EOEHD b1 LEMICERE S h 3 AESR, /IMESR,
HEEEE VWS BAERE, Tho OFEREICERS
ha8kKERRREICEE L, ERSOHARBEZRAE
L, EEOERBERPAMELED, BREEICHT Y
27 EZDHIEEICOVWTHET %,

1. MMLZEEZRDELEKE DY) DORELERS

IEX SR DBEN

] N7 & G WE ZE BT O R A S TUE, 20204 2 Ik &
RFAXYEYR 7Y VA FOMNTOH R aa S 4
v A JEGE (COVID-19) O ERFEICB VT, BEDA->
TWARE 33 FE 0 bR %2 FRELL 7245 %, COVID-19 %
L726THIaaF 7 AV 2 (SARS-CoV-2) » RNA D%
AL S OB X, HENO M VIR 135 (39%),
K11 % (34%), TEiEHE 8 % (24%) K UM 8 % (24%), TV
VEIVEQRIY%) EHE - M LVEMTOMBHEENE
nolzl,

F /2, WX 2003 SEICHFHEOEBRBESFETT A H—
7V CilE & 72 SARS O M &G FHH T, SARS 7 1 v
A (SARS-CoV) 23 HEK A 20 S BN OB L 72 KK b
597U NIy ) BRELTENIIBAL, HB5E%ZN
LTI4 ba— b~ ER, FHEFNFAEL TV
CENERE ERTWS PV (R-1),

4, COVID-19 DREGE D SARDH D 7 4 VA
M SN TB SIS DSAALNEGED) 27 S h
72EN Y, BB oW E & B ITHEIARE R ~NTEAT S
RO TRKF NS D IA NVABRBENT 22 DS TK
BALOBY) A7 HMESNTWD P9 (R-2), Fi2 b
AV - wEZEEIE, WAREROEOMAE b BEGR L Z
b2k, Fio, @AEGEIPEKEMENLTKEE OR
HoTWhZDRBPIN— b A7 BEL, BYRhIk

I 720 SR 2 55 B LB B o

2. KESE ML T —XTOFREEBELERHIE
2.1 HAEFORE D (X) DILEIKR & Z DI
KL OVEHRHZ AT LRI O LD 2713, if

HETIE, AR VWERIHELNTE), FEFRFITRST

T

-

F4 ba— kPR THE

L AT A TR A

(c) A NZADIERD
R-1 74 7—7 v OIBLI(KIFR) & SARS DIkEk?

PR - WETR B9 B H6 5 25



476
BESFIIOF o )L RBRREDRIK & ZDNE(2)

v AV AR
90 Jan Feb Mar WWTP A6 l/Apr 1350
WWTP Bl =
3 4 WWTP A3 L WWTP Aj& A4 ;
;§ 80 d WWTP PS Al—~g [ ‘,/‘f:,ﬁiwww A2& A5 1200 §
%—é 70 1 WWTP B2 1050 %‘_ﬁ:_
o 60 1 900 B
S Z oMl PHN S
& 50 750 =
N oa
| E N
[N 10 B 71 A~ ¥ PHN 600 N
~ 30 - - - 450 X
B 792X PHN N
" i |
[ 20 300 -
%10 4 150
........... e perep—p———
28301 357 911131517192123252729 2 4 6 8 1012141618202224262830 1 3 5 7 9 1113
== dt 7Y AX Y PHN mm H 7Y AXY PHN == Z®Ofth PHN
— QLD %it e 7YV TH B o SARS-CoV-2 7 A4 Vv AWM H - ¥t
-2 Z74—vX5 v Mo COVID-19 HFIERIEL
80 —
66.5 cm (fEJEETI 2 40 cm & L 72354) B s) s MIN | AVE [MAX
o S Y [Ny i i Al
£ 60 — @
2
g Al
g o7
ﬁzo""'iﬂ; """" [ J0% HA i ——
2 o
o L25 cm (fHEE TR 2> & iRy & ) MHERIE T
4.8L | 6.0L 6.0L 50L
BEnEE LA FAF ¥y bR P4 R R
X-3 KEZMEROE S Gl 5 BoOFHE) (KK)?Y
AR "Y DT 4 Vb EEA
50 cm 50 cm ==
40 cm 40cm =
30 cm 30 cm +— B
20 cm 20cm +—
10 cm 10cm +—
Ao i THT
0cm 0cm ——

(a)  RAERFBTE > & Hes (LBEF)
EE-1 KfEg2 5 OMRESWEO—HI (KIK)

DODET HEEHE. L. Best & D HLERT I3 K AH 2% 0> 15 iz i
225 25cm”, Yunyun Li 5OEEY I 2L —T 3 Tt
PRI 2 5 106. 5 cm (FEETE 2> 5 66. 5 cm & HEE) I e 5SS
EHEIN TV S, FHOTPMERERTIE, EnEE
LA, 45 vk, A4 -0y P ROXERTIE, WK
DHRDOWHKEL48L L 6. 0L DERZHMELTHIMRED
DET 5 S, MR A S FH 1l T 20~30 cm F2BE T
HHIERERL TS (A3, BHE-1),

(b)  KRABLRIETE A & s (FLifh)

ZFD72, BRI IEEDOHTA BS54 121E, wife L
TR O THRIETHZ LRI N TV B, A
RISV Z M) B3 2 & TRE OWMESR 7O FETNMFAE T
L LWINT 5720, MHUEORR, LT, HEIH
K7-ORM, MEOXKAZHE - PEifT 52 LR EPLE
L (B4, BE-2), FMd—FlzamR L7255 S HE
RPHREKREDEVICLE > THORBIIRELRLZLEEDNLD
T, WHL CZOMRAILETH b,

26 T M3E6A



477

b UZEBICHIFD COVID-19 DREEU R T ERLLEICAIF o FRENE S ERE AR EE <

- Ho0 %i%ﬂ(%ﬁi01ﬁ§ﬁ§:ﬂ%iooﬁ%$ st -
E | 4.[15;]L [ [m;n] --[faj-- ;.‘;{:i 08
E wlooL [0 [~® et 06 ﬁ
= e z
E 60 S 0.4 3
S #
w300 0.2 ¥
z

0 0.0

0 1 2 3 4 5
e NE AN

-4 AL O 5R 7 SER A DK O 7 D HER (RF)

F-1 fER7A~ORE D (HLE 2 mm LLE) Of 73 OK)

(a) ¥EK1MEHE

(b)  #HEK5mH

BH-2 ER72A~ORE D OMHIRDE )™

Ve K = 6.0L 50L 6.0L
UREIEM g e L FA K A
- - - -
BRI
Ve 5
10 37 2 3
2 [n] 74 6 1
fiél
3 In] 103 9 2
4 101 14 4
5 [m] 98 19 6
5 T & o

Pk, Bk 2 mH, 3EH, 4 1H % kRO AL

F 72, WOENIIREKOFFiEE LRy =) 7
B BAE A SV RE SR 5 i (25 ) |2 25 D i ke D TR
REREOD DB B HY, RELT B KON E T EORIR R
HERECAHE LD b, LoT, EHRIMERIIL—
W — % Y CHRBE L 72K O AR % WG L TR
@, FRBRECHET 5 — 2 oKk (E £ 2 mm
(38.2mm?*)) THr L 72l &2 REKHE DM EL & A 7% Lata L
720 ZORER, Ttk LAKML T, BLRABREO
BRAE S LN 282 2R’ BEOENTEY, ki)
FOMFIC L - TE, ZouasE LR HE L b i
TUEEEZ L (F1. REOED LI BMISVE T2V
PICHR, RESCEPEORED LD EWHLNITT S
EVHETH B,

2.2 FRHSEXANDEH EBFAKREDHMEIME

M VB O#AEMMHROBLED S, P S DF R
DILFITOWTIE, HAR, 1 & OFE > & % iE S bl
wEABOROSM:, FHEOESERL NMET IV — 2R
2 X275, BELOHGGREEZERMEZRC IR, fo
TR OLRBEPMENZ L b H ) &L %5 2 EHRIET

i BLABRE T, ZEORMERE (B 2 mm PLE (3.2 mm?) A 25 LA F) & § %,

x5,

F 72, 2016 4EICFEME S N7z LR O P T,
INNE/IN RIS ARV AR S 728 140 TSR D ) b,
FSXAE 25 0 FR AR B0 79 J5 M8 (56. 7%), X ME2E DA
BE# 61 Jifil (43.3%) L Hi A @R E MR, SHO b
4 L OBBTRERMEANOBITZLEHAL L, A
POLEHVWEIN TS Y,

LAaL, F10OLHITHREDHERKMES TIREIKILD
PRAELC & D FAREARERIC AN E L o TBY, fHERIC
PR SN T E 22 AVERER O FEAREIN & 138735 2 L1
DWT, ERORMADHLEEZDL Y,

2.3 TEERFREOEMREKRE - FHEXE

KAFLF T — ADT 5 4 N — DRI Eoxtsf e L
TEMMLENDMEMIZDH 525, ZORME, T—A9Y) 7
Ly va (ARl &) 22f & LCH i S5 m
MIZH B FEHOFAETIE, BEMETO AR, #HE
PR BB, #30% OB LHHE TN S O
M X ELRAEMNCHLZ EEIERHLEZ Y (R-5),

HRD & B HREDOEVERTH L7208 GRS

PR - WETR B9 B H6 5 27



478
RSO0 1 )L ABREDRK & 2D (2)

N 3 ] W ee—
4500 120
4000 |
100
3500
3000 | VLA SEIA 434 B 1%
s 2500 | e
R 5000 | AT GIEY PHfH 3918 1 60
1500 F 1 40
1000 F 20
= 500 N
# =
- I " £
W 500 20 Bf
1000 f
1500 40
w2000 F
60
X 2500
3000 AT Y SEIE 208 B 80
3500 |
100
4000 |
4500 120

0 120 240 360 480 600 720 840 960 10801 200 13201 440 1560 1 680
i A7 IR ] (RS

-5 AffgT7 — 2 TOIERIEE O W

(a) fHEEIZF%{E L 72 UVC-LED #{#& (5-LED)

A PIESVA

120 L] I L) I 1 I L
i I iy
100 f= L doreros |
B KR TFYERH |
80 - T =
60 = ‘ -
10 ~
20 -
0 L A 1 L
3-LED  5-LED  8-LED
(b)  FKIEAH O O A )P

-6 UVC-LED %&i & BRE b
OB () DX HICEkEE L2 LED OB ZE XL TWw5,

2L, BIERBAELZERT AL, BRW - HR3IN
ZEMETLIEDPVETHL, T2, sETIE, BER
ROV CHED%IH LED (UVC-LED) % & % K ff 83
ORISR S, KBW, YIVELRTH, ERET FUEk
W EORBDEERFLTBY, SHBETA V2O
W-BREEBELZAT LI REHOREOMMEI NS Y
(B1-6) -

3. xmEzREIDERE & BRERHIE

3.1 FHEVEFEOERAIRAL

RGBT IR 3 & 72 B FARO TPV LB W OhAT
IZ2oWT, WHO Tix, “AIFALEKRELEIT V-V

N=ZADFHE > (B X TFE2E) LENDH L7 LBX
FAHICRZTHER TR WA TFRVRE % 20~30
BEHIELTBY, KEOHA FF4 LI2d FBEICEE® S
NTwb, BlziE, ISHARE(S ¥ FEERIHH ZZHF ) T
X, WHE LA LA COVID-19 74 K54 DT,
HTAZBHLT, 2% &3 20 BHOMEELTHVE
1928, HIZTVa—VR_R=20HHE#EN L, FIEE
WA RER G AIIIH IS T2 2 L7 2 RTWw23 7,
—7i, BAE RPN T B OWIE T, A5, M
W OBR %5 & LTVl &R0 2 a2 170,
WA RE 1G5 720 ORARLEKE (3 =< AKkE) 1220
TR I X 22 ERL T b, TORBLD,

28 T M3E6A



479

b UZEBICHIFD COVID-19 DREEU R T ERLLEICAIF o FRENE S ERE AR EE <

R-2 PRV EBREE, KRz EGEES)Y

S FHROVETOEE | FHRVWHROREK BT =R 99 XWEH K it
(before) (after) (%] [s] [mL] [L/min]
5% 36.0 2.5 93.1 12.2 939.9 4.622
10 % 88.0 13.0 85.2 14.2 1088.6 4.600
ooy | 15 65.5 6.5 90.1 17.3 1331.2 4.617
SRR o) 63.0 2.0 9.8 18.2 1385.6 4.568
258 38.0 3.0 92.1 18.3 1449. 4 4,752
30 99.5 L5 98.5 18.1 1486.0 4.926
T OBREE = (RE - REE) /miH % x 100[%]
ATAZFIZOT TCOFRRCTHREREAN4.5~5.0L/ FREVEER - MBS X B R5H 20
min F2)8, #KETIL1.4~1.5L/Bl& L, # 200G FHVOFE FRAF™ A IV A GRAEER) *
THIE OB ERIZ02~98.5% & e A2 eFGAr LB W @ | Bk L %51 000 000 18
(F-2). ISHARE D39 % PLigis ] (20 ) & b #hda— ® | kT 15 BFHk #1110 000 1 (#% 1%)
O Ny FY—FTIOBEE300 | BEMGY0.01%)
- 7
KLLEREELE, ) LAV, WAT 15T S
—7J7, MEBELONS LR TLLEIANVAERGE L @ | Ny FY—TFTO0H D ATV, B8 (89 0. 001%)
72 FEEETIE, WAROARD 15 HTFHRNTH 1%, N> KV — WARTIHTTE
PG 10FE 712 30 O b AIEVNE TATO 15 @ [Ny FY—FTI08B b AHEVE, #2408 (0. 000 1%)
TTIOBWFEE0HD D AL, HAKTO 5T KT 15 B X 2 [ ) h

XTHO0.01%, SNV FY—FTI0HD APV,
WARTISEHTTEL 20 KT L THO0.0001% O
BRI DD 5 2 LR IN TS Y, ZofRE, &
HSEE % EOFHRCORNRICHE T 2R ORI L 725 T
Wb HoLHELT S Y (E-7).

3.2 HEKRBOERENFNZAYDfEAR

SR M A VIR A7 2020 45 8 H 25 HIZH2E L 72 2019
EEEEARARO T v 7 — MREOK R B 204 DHE
FEAIVEZIZINZE MM LORLBOERIZBW
THhALIZDOWT WD RIEDFEREIZ, /¥ FILKEDR
78%, HBIABRA17% 2L &% 0, 74% O HBKI 5%
D - YEEOFKTITHBIKRZEA L2 & o lEHs
REMELTVD Y, EMEG) 27 2T 572012,
ARk, EER ETH HE/KRORBE AL S N, HEiik
DAHEIC KRG ZFRE L, RN L2HRICASE, AET
X9 KEDYEHORFLLETHLEEZ D,

—F, NYFRFIFAXIZOWTIREHZZIEL TV b
ENL L, EEFEHETHINY FFIA YOk & dio
A NOMEM L L TwWB 2, B E O TIRLET
ARESORIE, Yy PFIAY, BAFIAY, X—
N=FFNVDINHIZEL L, R=r3=F F VI, AR T
A X THG6.81% Yy PFSAXYTH2N.2BORED
EERLIEDPHEINTVS P (K-8), BIffb /Y KK
FAXDOHEHDORIEIZOWTIE, Bix Rifmdi e ShTw
%,

LHL, FIREVIZE DTV ADOBREHiTbh
TWRWVWIRET, N FFIAYEHHTLIZ &, 74
WADPRICDTh b, T31E, AIEOWIIIES L +4
BERECERT L LT, BYWEEN TS ESRTYS

EIHRTEEN T

1)

W 2)

FlWR LKL 2GE

106 Ssssssssssssss===

10°

FreweiL(a)

AR IE

2 10 BObAGEN+15 BHOTATTE
2130 BObAIE+15 BRIOTKS ¥ #1% .
10t | L3760 BObATE+I5 BHOHATTE 0

oW i)

A& (10 BOLAE15 BIOHATTE)x2 | (DO =

2)

—
(=
T

FCV 7/ L a¥—0¥
S

[88)
A B womw |©

A P ,
ﬂ #50.001% (d)

2
+ 1 A

1 10

A #0.0001% (€]

10? 10°

TCIDs/100 xL %V

v JE Al [Z1%

GREH O & G4E

ZLOUA I AR)

R-7 Foev OBRRRIE TR 19) 155 870)

TCIDsp & 13, HikEE NI BT 5 50% & Z & T,
ARG & LTEEN TV D, 10 BEBARL 2w 4
Vv A H.(FCV)100 uL %, CRF KA (4 2 B 2% 5 L T
FeAg L7k, 50% OMINEAS S L 72 &4 TCIDs0/100 uL THE

INTW5b,

FHCHED Y A VAT 100 uL & #FE LT, ZORKHE
H1o) RNA fli i %, 455 LT cDNA & LT RT-PCR Tl i
L. 4V AOIETR (FOV #{Z 1) 2 KT 2.

RN - BETE 55 E $£65 29



480
REYFHEL 0T DA )V ABRZEDIIRE ZDOXER(2)

CONTAMINATION OF RIR IN TOILET WASHROOM AFTER HAND DRYING
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Research trends and challenges regarding
COVID-19 infection risks from water supply
and drainage systems and their prevention

Masayuki Otsuka®

Synopsis As seen in the case of SARS at the high-
rise apartment, Amoy Gardens in Hong Kong and the
case of COVID-19 on the Diamond Princess cruise ship,

sanitary spaces, especially toilet spaces, where activities
such as defecation, urination and hand washing after-
wards occur, are most likely places for infectious diseas-
es to break out and be transmitted. This report provides
knowledge regarding infection risks and prevention, in-
cluding research trends and experiment results both in
Japan and overseas, with a focus on plumbing fixtures,
such as toilets, washbasins, urinals, which are installed in
toilet spaces of ordinary buildings and drainage systems
which are connected to those plumbing fixtures.
(Received February 5, 2021)
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