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ABSTRACT
ABSTRACT

Keywords: Covid 19, Public Health, Green Building Certification, ultraviolet germicidal
radiation, High-Efficiency Particulate Air
I. The Origin of Research

The severe acute respiratory syndrome (SARS) outbreak in 2003 and the coronavirus
disease 2019 (COVID-19) pandemic in 2019 dramatically affected public health, food systems,
and the world of work. In various international policies and strategy proposals, architecture and
community design have served as targets of the measures implemented in response to the
effects of the pandemic and changes in the postpandemic environment. However, a coherent
and clearly articulated strategy for implementing architectural approaches to pandemic
prevention, in terms of concepts, laws, regulations, and substantive actions, has yet to be
developed. In the face of the devastating effects and possible resurgence of the COVID-19
pandemic, determining how to respond and develop countermeasures to outbreaks is an urgent
concern that deserves thorough consideration. In this paper, we examine whether the current
domestic systems and regulations related to building design are adequate from the perspective
of public health and whether review and revision of the law is necessary in response to
experience with COVID-19 prevention measures.

The objective of this study was to review international architecture policies and response
strategies to the COVID-19 pandemic. We compiled the latest international building health
indicators, specifications, and certifications as well as information on architectural approaches
to pandemic prevention, and we conducted research on and analysis of international building
policies and strategies for public health and COVID-19 prevention. In this paper, we also

propose additional measures for implementation.

Il.  Research Methods

In this study, we compiled suggestions provided and measures implemented by relevant
international government agencies and industries for the management of heating, ventilation,
and air conditioning (HVAC) systems during the COVID-19 pandemic, including operation
and maintenance guidelines for such systems. In the review process, we also collected building
health indicators, smart building certification criteria, and related healthy building certification
standards developed in Taiwan and abroad as parts of COVID-19 prevention and control
strategies. We employed document analysis, administered a questionnaire survey to a sample

of experts, and conducted interviews and discussion forums with an expert advisory committee.
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Finally, we compared and coordinated our findings and suggestions with Taiwan building
standard systems (e.g., green building, smart building, and green building material certification
standards) and international standards, including international healthy building certification
criteria.

To improve the environment and promote the health and well-being of users, an
operational evaluation model that can integrate green building and green building material
certification standards must be established. Furthermore, Taiwan’s EEWH green building
certification system must be updated to incorporate antipandemic measures. By accounting for
different guidelines, suggestions, and pandemic prevention measures being implemented by
governments and agencies worldwide, we formulated the basis of the present study and
developed a framework for subsequent theoretical developments that may serve as a reference
for the formulation of government policy.

1. Research results

We initially investigated the transmission routes of SARS-CoV-2 and determined that
insufficient and improper use of airflow routes and ventilation systems are influential factors
that must be addressed.To date, the understanding of the transmission routes and
characteristics of SARS-CoV-2 remains incomplete, and pandemic prevention guidelines are
being continually updated.Reviewing and comparing the countermeasures employed in
different standards may inform future updates of these standards and encouragerapid responses
to pandemic outbreaks, the implementation of reasonable and appropriate countermeasures,
and further research related to SARS-CoV-2. The specific COVID-19 prevention measures
implemented in various countries include the following:(1) Operate HVAC systems effectively:
Numerous countries’ guidelines emphasize the importance of increasing ventilation and the
proportion of outdoor air. For example, the ventilation system should be activated for some
time before the indoor space is used, and the CO, concentration should be limited to<800 ppm
or the operating settingsof the HVAC system should be changed to obtain a lower CO,
concentration. Moreover, central circulation shouldbe avoided to prevent the spread of the
virus caused by the pure return of indoor air, andwhen asuspected patient is indoors, all
convection equipment, including air blowers, should be stopped. (2) Refer to the World Health
Organization (WHO) or American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) guidelines to establish minimum ventilation requirements for different

areas. (3) Upgrade filters in air conditioning systems to high-efficiency particulate air or
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MERV-14 filters, which can effectively
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control the spread of the virus.(4) Evaluate the installation of ultraviolet germicidal
radiation (UVGI) in mechanical ventilation paths or upper applications to indirectly treat air
through convective air movement.(5) Induce a pressure difference between different areas and
ensure that air flows from clean areas to unclean areas. The exhaust system should operate
continuously, the external windows should be closed to ensure that negative pressure is
maintained in restrooms and slightly positive pressure is maintained in the
kitchen.(6)Regularly inspect, maintain, clean, and operate the HVAC system (such as the
HEPA filter and different air conditioner and fan coil units).(7) Employ effective bathroom
design: all floor drains should be located in the same bathroom. The storage bay should be
filled with water regularly to prevent the water seal of the floor and other sanitary equipment
from drying out. The lid should be closed when flushing the toilet.(8) Design smart door locks
and use Internet of Things technology (e.g., radio-frequency identification and keyfob
induction buckles) andcontactless technology (e.g., contactless door locks and automatic
revolving doors) to reduce personal contact points.

In this study, we collectedkey COVID-19 prevention standards and guidelines. Several
sourcesindicated that increasing the volume of fresh outdoor air can help reduce the indoor
spread of COVID-19. On the basis of this information, we conducted a field experiment
involving the introduction of fresh air ventilation systems withhigh-efficiency filtration into
public buildings (e.g., offices, gymnasiums, and research laboratories) and other public

spacesand analyzed the resultant changes in ventilation and air quality index (AQI).

IV. Conclusion

The following suggestions were developed in this study on the basis of a comparison of
Taiwanese and international literature, expert interviews, and forum opinions: (1) Research on
COVID-19-prevention building strategies should prioritize general rules and strategies and
thereafter investigate the application of such strategies in different places. Future studies may
account for distinct building types and prioritize places where groups of people tend to
congregate and that individuals classified as high-risk might need to visit. (2) Among the
COVID-19 prevention measures examined herein, the evaluation of ventilation and the
implementation of air conditioning sterilization methods (e.g., UVGI) should be prioritized. (3)
The COVID-19 prevention framework can be divided into three dimensions, namely the body
shell (green building standards), the space body (lighting, heat, and water), and the human
body (medical health). (4) Future research should account for potential pandemic outbreaks
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caused by different viruses. COVID-19 should not be the sole target of the implementation of
pandemic prevention measures and the construction of healthy and green buildings. (5)
Distinct research directions should be adopted for the implementation of pandemic prevention
measures in old and new buildings. Green building, smart building, green building material,
and other certifications must be prioritized in future research. (6) After COVID-19 prevention
measures are incorporated into building regulations and a building design process for the
incorporation of such measures is further developed, the implementation of these measures in
the construction industry must be promoted, and public opinion must be evaluated and
considered. (7) The results of this study and future related projects can serve as references for
construction managers and architects when implementing architecture-focused COVID-19
prevention measures and performing maintenance at different locations (e.g., general

residences and medical sites).
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® o Flo gl E AR HEATEFERRF . BER < FHI D AR 2
TRAETF AR - BEROR AL I IARLERRE > LI EREA -
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Air flow - LY
¢ o Dmag force
i Droplets

k 2
[ o
Droplets are swept L 7 evaporated to

by the air motionand  *«_ + - become dmpie‘l
fall due to gravity. i nuclei t
Their fall is resisted Gravily . Ty
by a drag force. _a*

Ballistic trajectory of
large droplets from ’
sneezing mode

Turbulence mixing
dilutes the droplet
concentration

Dilution of contaminated
air from breathing mode

Droplets land on a
surface and dries to

N T
become desiccated. = ,‘/
Y v

Bed making activities [ ™,

; 8 2 £ ) 1- 2 metres
can eject dry particles |

into the ai

Floor

W2- 16 B % ,&‘?j‘é_i gk fo ] 3 F v -}F;F:"_F’f"@ﬁ)]ﬂgﬁ
(F# %R : ASHRAE, 2020a)

9% REHVA & = cruz fi ¢ SARS-CoV-2 chi & @ 3E:2 /5 > 4oB2- 2977 o iR E
§RE A FERRT Sl REHVATrY e s KA ER L -7 pidd > F5
wE A7 iR P T SARS-CoV-25 & (Zhang et al.,, 2020; Guan et al., 2020) - & £ 4
BEmd mor 2 f KRBT 0 AR S K A SARS-CoV-1{c B # Ji & s 4 el 40 o
P $$SARS-COV-2% » @3k en@ f2 8 » § R L F L it (TP RBEHH - RBFT
(& ATEZFER & R Y RRER) PP SRV AL L o

Droplet Nuclei
Airborne

Infected Person

Droplets
.
% Droplets

- ®
. -
. e Direct Contact
Droplets \
L] I vt
(o C

N

Faecal-Oral

Droplet Nuclei

W12- 2SARS-COV-2 + SARS-COV-1{r# # it % B2 R ¥ ik B 141
(F# % & : REHVA, 2020)
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HRERF ST BT 2 ERAY RS 1 A S (£21) o bl4e
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( Becheretal., 2018) -
e f_o I AT AR RN B

-

FIMER I R KEMERY RN
R0 TR P|E AR F R 0 Bt H s AT N FLH (R
) R FAOT R Tl Cacilo~ ko~ HORE) ahif s o B0 Pk H e d B

PHRMEACKANRE o Tl o ML BEARA S FAT 6 AR RAREY NE TV PALT

#2!-75'\{ Hp ﬁ*/i‘—’ %mﬂ: ’E\K“ 113‘7?'5 iﬁmg % > B ’? f:r:]‘:J—_E\,J—%" N rﬂ% °

ﬁ
&

ABA R R AXRYEFESNT I T o8B n T A& H  (active mobility) F_

— ll}] ’uﬁ‘rstwf r‘ﬂ_@ﬁ_r_o e ’ .__COV'D 19“111 72 19 ’ 75 Y "+"‘ lk iﬂé}”_“’ %tb—‘ 1“" ”L
Wb o k- ﬁaiﬁﬁj;'ﬂﬁ%o?u#%%%ﬁﬁ%ﬁﬁaﬁﬁékﬁ

R MR TR G EESE(WHO, 2020) o e v iR T e 4 4R B A Reh
M (B ERE) AR RY DERE L Bk B AATY T
DAY WA B M R T R S RN 2R 1 B A
B i 2 22 4p b GHG (R R F 1) oo

PAERED T 0 TG AT L Rk o A g T S R e g A A
q) F B(WHO,2020) » 2 5 % R4 5 (4oifler <) )4 e pug-
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fRAl X LA BBTELEXRY (p 7B Fopird Feniok) V-
- F o BHAR LR B AR BN T T o T2 E E L - b

PR S s LIPS
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TR COVID-198 # 8 3 @AM A Rl o S FRE foa 4 & * EEEEH(
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AP F EEERFR  FEfEA F5d R (D588 LEBFR) L o FEL KRR
» B B30 FCOVID-19 -
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U ¥ L2 SARS-COV-2fr i s & enBdE > £ ¥ T AR A A Leni{ ] R F P
mw A FREREAREF RN B 2 g F Rt H bR
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2020 ) o iR ERIECFERA B OB R D05 RARA G By (G Y o TR I
R A ﬁicj)i"ff}?gi’}i v év’ﬁ#:(;gflﬁs-‘r I SRV f‘v?-;;i'“,%ﬁ G- d37 1
¥ COVID-19;k ;e en % Bl & (Chen et al., 2006 ) o B2 287 & 1 27T L g &
SRR s e b M-

b - BRIAL SRS F A FREEAY BT FEE b FHE i

Bt cnfiim o B $ RS F il 0 RO A e A ik § R (Dietz
etal, 2020 )t 2 P WIHEER R AREUBAENLF ST RER T - 5 @
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FJ2H 2B g B (Kurnitski et al., 2020 ) -
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19



EARBRERZ PAH{ W LT AT
BWLEER RGO ES BRI E P F S 0 2 A AR B R b T
B o SR P R A F P F A LRR G FAREDRE O TP
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W A RS R AHPREY U F B S b i
FREFT > EERARRENERENEY c REFPZFiEESRT > B IRAE 0 H
ZRY D pd FE AL FREREE X 2 E§ F s gt (Marr et al, 2019)
A LT BB AL AR RMOE o d WA FAE A e ARA o F Ak
Al EE R ol Adp e ShRIL 0§ ond 5 10 o
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bt i S RN B REAC ARSI RELE P APTERR
LA ek iR AT Bl AD L H R oA A 6 R
dor o M A MEFETIMER @KV EF108 2 o
B oo @ m R Es (AR BN R H Qg 1l I
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4% 0] e120% 3 40% (Marr et al., 2019) -

R A AR A i AR pd SRSV ol @ b ST 0 3na |
X5 3

PngF A Mo/ LR TR o kRS ‘2%% e ™M RH T % 2 § (Moriyama

%

F1** RH (Moriyama et al., 2020) - s # $t RH shagg (27 v £ RH Ap M 82 505 4

“Eh

et al., 2020) - & 4= 4= ;Z SRR o M RH G IR om+ @3 (Lowen et al., 2008;
Gustin et al., 2015) ; % @ - %t 2009 & + i (FAZ R -+ (HINL) 2 32 b g {7 ch- 57
FraEddpd o pd & 20% 3 100% HR L RH RN 0 iRdF g R EUr@ gt
(Kormuth etal., 2018) - — 583 # 47 11 47 4 @ﬁ—,)}%» ¥ RH eag gt (4 0 3 EE 2R

- RNA 4 & RH T 3@ F&4 s jHepd 68 RHT 3FEF(F
(Songer, 1967) - RH & f¢kfof % ¥ & b2 B enbf (AU & S <4 ap
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PR PEALAE
ApIEi-EREMz % RIER S0 & (Lin et al., 2020; Marr et al., 2019; Songar et al.,

1967)

1 F ST HHCOVID-19 7 B ik i+ T g B¢ edF 2 2 o van Doremalen
F At #7 SARS-CoV-212 2 SARS-CoV-1 %.21-23° C e & 14 %2 4p 4R & (Relative
humidity, RH) % 65% i m T3 | pEF it s en3 B F oL 8 « S5 T F 43 pFis >
w ﬁ;é_:}}isi *F”K’v’ " He @ 3 0 SARS-CoV-217 2 SARS-CoV-1enX % #p ¢ = #cs %] 5 1.094r
1.18-] p¥(van Doremalen et al., 2020) - iz & % % % 55 SARS-CoV-24-SARS-CoV-1:4% Z_
t24p o2 > Smither ¥ % 35 i SARS-CoV-2 & ‘e 333 % 2 (Tissue culture media, TCM)# 33
% 0 P RAPHIRAR40-60%(F % 3 5 0.91%/min)fFim T vt B R AP ¥R R 68-88%(% # I 5
1.59%/min)im { A2 @ et ek BEFRIPF g E 0 b BHIRREY £ %
F 5 227%Imin > A3 RAPHIRR ® % F 5 0.40%/min(Smither et al., 2020) - 4] * TCM

Y RAPEHBRAR T B & L R % & b i 4p 0u(van Doremalen et al., 2020) - i ¢ & 7

i A R 2 A E 0 2 SARS-COV-24r% A& 2 0 ) f BEpk? o F e B AR gt
PR PR L BG4 .

¥R

F_*
Ry
N2}

3-1-2 fim ~ i B frilif
G R Apy o Fins Al BEY T A S§ % (Weietal, 2018) il gy o Hikd 20
A AR oY D BEKEAAERS  F iz F U RBEER
% (Chenetal, 2020) » @ ® v i cafp & gL » € < 3| ¥ 48 £33 7 (Body’s thermal plume)
1 5 (Wei et al,, 2018) o 3 *h { + g i Eé%?g? AR AR B E PN g R I R
Bl B x o '] o b F o g i es RIEBEY RAF L F B AeF LR
fe* (Li et al., 2007; Tang et al., 2006; Du et al., 2020) - — 7 B ** J J5 4 @305 3 dp
B MR F G F P
2004) - COVID-19 &3 & = F W7 7Ry - ¥ £ 7l ~(units)# 2 > g H ~d
ERphr i #IrafikzfiaMaz§ B30 % (Chang et al., 2021) - & % i
B AR b 3 AERAP Y cnz § R R 3200 ppmt i< 3] 600 ppm (T
FHemd b ST Lis/persond 4c 324 Lislperson) © SARGES T 0L R PR s (g

MR R4 f ek 'k (Myatt et al., 2003; Myatt et al.,

-

;fiaf, % 13 % (Duetal., 2020) -
FRBEBEY hF LA R fRPR P IEFRE PR 2 bk g
(B#HAPRERTPT - BRI BI LR KR & I B
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FARBEREIPEHE LT FHFAY

fegfes k%> 4o% F s (Tang et al.,2006; Qian etal., 2018) (®3-1) - WHO $.i12&
3% 7 10 L/s/personerid b 5 (WHO, 2021) - if % # 2} 3+ ;% B »cig % (high-efficiency
particulate air, HEPA) » it 43 2 “,Z]:TZ99.97%7:? BAER(= 1203 pm) 0 4 F 4G AR B A
HFBakg *EIZAEEER fo- Lk (4o X )( Lindsley et al., 2021;
Narayanan et al., 2021; Curtius et al., 2021) - & ¥ i h friEigF 24> 3 %%%}%i 22F3
o e Jp e A B R S F e cniB 3ok '& (Shao et al., 2021; Narayanan et
al.,, 2021) - - 38 # 7 i iE % & W H B £ (Situ measurement) fr 3+ & i kg # 4 F
(Computational fluid dynamics, CFD) 4% > 2 £ 7 & ek A B 2T H >~ K3 ok
B ULETF B4 COVID-19 chh & » R 2 50l b ¥ av € 22 Ok 'GE R
BHB 5 F ¥ (Shaoetal, 2021) o g ¢k > 2 7 FEfEE P 3 B egefiiodrivf A 2 DR
BT PR R RS RAF Y F A FIERF I F D€ R R kST

{BERGDF W T2 35 %ETF €484 SARS-CoV-2 ehi# 4% (Lessleretal., 2021)

Contaminated air

Outdoor air

N g

Factors affecting distribution
of aerosols indoors

* Airflow direction pattern

* Ventilation type
- Natural
- Mechanical
- Hybrid

. Natural
ventilation

* Air filtration and disinfection
- Portable air cleaner with HEPA filters
- Air filtration in HVAC system
- Upper room UV disinfection

W3- 1P A 5 F BHHFH
(34 %& : Wang et al., 2021)

TH BHEF DR G rEA R Ffp LT B E B398 #03) (Box model)
{v Wells-Riley & 2 #i-3](Wells-Riley infection model):& 7 =% (Riley et al., 1978; Miller
etal., 2021)

36



2R PEATASE

N
P=—=]—¢eIrat/Q
5 e

e PARERST NIAFRIERFEVE S LIERHoE | gL FEk g L2
(BRAHE) 2 3% (5 | padsk) p LIl RFF (M) ti ki
PR (hr) Qi zpiE F& (m¥s) o #@* Wells-Riley = ;2 | o * *+ &8 H @
7 COVID-19 + AlAL %R » H ¥ - B &3 )iﬂ*miﬁ—r}}isw J#E 3 61 z= f ¢ d13 53

b (= = &% F(secondary attack rate) 87% ) » H ¢ Bl EHmE ik 2~ F
BBy B gpR F*Ké.éﬂmrs ez =0 iz % (Miller et al, 2021) - &8 @7 o
HohIdop Lo £ AR E LI A NPT 5 P R A BOR BT R
(Miller et al., 2021) - ZEFFT /AT FEE TV ELI OB TR F 22 8 b 53 H

BB G PR o

H

TG ool b AT RSP BABRE DF L § b ERER- R
RSl b F e L £ 5% E {0 (Somsen et al., 2020; Morawska et al., 2020) - = %

|

CRERBT R IFE N At B X RGP ReR AR D H 2
(Rudnick et al., 2003; Peng et al., 2021) - # "} g B B ¥ * *+3%5 HEPA - HVAC 5 #%
WS > AR D 5 RF F PIALORE LDERFF o 2 ERARSE |
# 4 43 6=t (Air changes per hour, ACH) ss M3 b 5 I %= § i gk &R %35 & 700 1
800 ppm ™ T el B g b HEAfof o e foficst (Qian et al., 2018; Villanueva et
al, 2021) - #% & HVAC kst~ b= HEPA iR B¥ h3 f BiprcF o3 0 1+ g %
AL A kB T - R :)}%% ghg W ek B (Schuit et al., 2020; McDevitt et
al., 2012; Schuit et al., 2020; Buonanno et al., 2020; Chen et al., 2010) -

3-1-3% ¢} g b+

Bk MBS AR F BHp A A 2 B o2 2 2 R
Jﬁsi (McDevitt et al., 2012; Schuit et al., 2020) ~ SARS-CoV-14rH is 4 éﬁ%#}ﬁai
(Buonanno et al., 2020) o fx3+ & F5 £ ¢ IRk £ T > K kS 5 ¢ 2 SARS-CoV-2 i
< £ 3 % 7 (Bulk culture medium) (Heilingloh et al., 2018) {=# *# (Schuit et al., 2018) ® -
HEIESE ST eI és'ﬂigéfgfii%iﬁ@% ¥ #3opa 4 2% (Chang et al., 2020) -

B Ao BARTE AU 4 Mﬁ%@’ﬁiﬁﬁﬁﬁﬁﬁﬁﬂﬁc
B F bhdk F o cfCEEFER ¢ 0 SARS-COV-2 4 2 85 ¢ (604 457 € R 0 At
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ZHARBEEE AW LT THEY
Hogt 4 SUVBIEE SR T (B A 2 4 1240°N - k 301 £ T i) » 45 6.87)
128~ &3k € 4 4 90%:i# 2 <4 (Montero et al., 2020) -

3-1-418 LA 4 5 g T

SARS-COV-2 &% % ~ % 44w ™ % 33 £ & + 3F 2 4 ¥ SARS-CoV-14p 2 (van
Doremalen et al., 2020; Chin et al., 2020; Duan et al., 2003) - iz & 4 & & 4 & + 02
it §F 5 EB/HafEEEs 3 2 oo 2020& 37 (%%Eﬁwf%%;&) SEEC R P
COVID-lQ:}ﬁai FETF Y FREIEMLY > A EAR2R 0o PR EMAR3X o
BAT B T F IR :}}%% W20CHTHBEART 0 ER A s~ BIFE KR
RART 3 E283 0 B E AR 2 T OUGETR 0 2Ra G4k Ar A A8 R (van
Doremalen et al., 2020) -

TN & SRS £ 4 T (Michels et al,, 2020) - & 7 B 34
HWps AL wea L B o MR T A 2 hE I T IR e e
B s s Poipd by PR~ Rgdd paplaRf iR pd 235
1 (Warnes et al., 2020) - iz SARS-CoV-14-SARS-COV-2 i dr & & + ez B e 4 v &
R ehpro BEM L F AT N6 £ C8%H)AIY DL EFRRAR T
Rt & o e 4 (Karpanen et al., 2012) -

Beteko p2Ard > FUALLFRY > BB R REED REEIRIZBHE
S- B A PMIOREE - iTE K > o g 4¥E A F k5 (Built environment, BE) e
P s ¥ER S IHEMEH AN BREFTAEAY c BEFETHBENT L0
T B R A 0 A e L RSB AT LR A PR T fRdefe 3 §-SARS-CoV-2
i EARE BRI L 2

3-2FFCOVID-19h2 R4 R IR ¢ B ehF+

T2 AL RABE)T R BAE Y AT T R PR G F Y 2
TR FlBEA 1T 5 B i@ 45 4 (Adams et al., 2016; Tellier et al., 2019) - & # + p
hkAFRAE G ER AP DM RR O PHBFF R TR KD
Foh pEARS 2 g E g (Horve et al, 2020) @ % chR BE A E P FEL Y § H
ARI®NE BHEAENRE Y 4 o 2 EEFF(Andrews et al., 2020) - 2019# 12" AP
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FZ2F PFEFATE
Bg o g - FFLHagda ledb 4 0+ 91021 > &k - 3 ks MR
7R @ COVID-1940E ¢ » 4Rl ¥ o L F 5 Flap fd SABB A7 2+ B F 4 B
v (Rothan et al., 2020) -

p w0 $+*SARS-CoV-2:1id 4 42 (£ 1¥R0) &7 3+ & 1.53]3 (Wu et al., 2020; Zhang et al.,
2020) - ROZ & 3 - ¢RAE 6+ R A B 5 > H e £ T35 d(Poon et al., 2020) -
Ik /‘Jr  Fre% 9RO X & 12-18 (Guerra et al., 2017) » gt ROE % 2 (Biggerstaff et al.,
2014) - e & > # aBE:Z % F 7 M - SARS-CoV-2:rROG B € 8 % % » Rl s
5314 5 ¢ %6547 245 3711 Lk £ ¥ § 700 4 (919%) &dy b 2% 1 4ah ¥ B
AZCOVID-19 » p* F 2P » FIZBEp 2 2 F 2 & > $RCOVID-19n @ M &% 3
(Mizumoto et al., 2020) - % g I 2T F L F > KR L gk LB H @ L 2 FFEEH S 1T
¥ it 2COVID-19en@ 3% 7 #37 &£ & ¥ % (CDC, 2020) -

Pl s B MCOVID-19® %% 4 § chseid » it 1143 SARS{rMERS-CoV %7
3 > 4" (ASARS-CoV-2F #1141 2 CDCeuE 3% » SARS-CoV-2i " 5 ¥ i 5 & @ L 41
R F e e A PR R R AL k] P 3|5 % (CDC, 2020; Kampf et al., 2020; van

|~

Doremalen et al., 2020) - 13453 SARS-CoV-24 w5 éhi- H#1 3 » 2+ &% % &6 F 2 4p
HRAR 5 40%PF 4 5 PR Bk (L %P median = 159 h) 5 & § BAIN P 4 FhE(E R

median = 2.74 h) » e §_&F v 4p ¥R B 65% -2 T i g em(van Doremalen et al., 2020) - £
**SARS{-MERS#p B crficdg » #7 7 B FE Rl F e i chjp R R iR ™ » SARS-CoV-2 &
FHe A G T g LR LR A HIBAR 540%FRpF > SARS-CoV-2 e df
(¥ % #rmedian = 3.4 h) ~ 34 (¥ % #Pmedian = 8.45 h)14 % 4% (* % #Fmedian = 13.1 h)«»
F e E g F o B2 F(van Doremalen et al., 2020) - A/ - Bz &L nE > TP
5B E R F R HEd @A R % PICOVID-19¢6055 6] o 8§ A H Hcdy & P
L ¥ 5 ASARS-CoV-2 > B ¥ it 5d £ v 2283 - (Poon et al., 2020; Perlman et
al., 2020; Ong et al., 2020; Xiao et al., 2020) - i& ¥ vt COVID-19#@ 3% © %‘gd ST
Bk BIEH 2LF % BRYA > R EERBA T G BB RO ET o R
AZbd $ &g A enSARS-CoV-2(CDC, 2020; Ong et al., 2020) - 3"

FEn
=
\83 e
,_‘ f
14
=
ole
\Fnb ~=h

FICOVID-19 ¢ i 314 & » 4 Bpd 50 F B0 A 44 6 @35
¥ i M+ & & (Lipsitch et al., 2020) -

s A e Eppin SARST 2 5 d {5k @ 4 (Bell et al., 2003) - 3 g ]SARS-CoV-
2% 2002+ SARS}]%% eh% k ¥ (sister group)(Coronaviridae Study Group, 2020) » 7 f%3%;
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TABRBBEEEIPAH G LT FIHAY
F Al Bildh o BBD A8 A2 B BEDE L FF o £ COVID-19t 2 v
B s % P foig B4 0 SARS-CoV-236d &k @ 4 A pF oTAL 4% X ¢h(Chang et al.,
2020; Chan et al., 2020) -

40



5=2% PEFATSE
3-3F i hF BIrBAFIR ehfp 3
Fraf o Fhkpd s § B BFa g 432722 - (Morawska and Cao,
2020; Setti et al., 2020) - #7 5 BEF o B A F R F T AR A B RBF OB
R gty (22> 5-10 pm) At o RFR (ZE<Sum) Fouigd 7§ BT
DR LBROEERE o KA S T FIFE c FEVERRZF P R EDR Y T
B T R F ¢ BT 28 A RE RO € T
PRI ; g;s<gg§i, ##> 7 110 km (WHO, 2006) » i 7 &4 % {3 i dupkn
FALR o B4 B M AEREP koA R AT S 2 R B
FELREIPMF i ma R Beaf 8 8 BHpES ol
Toppi et al,, 2020) = 215 - iz 45 jd PV RF JF RF TS T UE MRS T 0F

s 5 Jn 48 (Sanita di

o LU ARG AR AR L o T - A F ¢ B G 40 BUR (R
A ) e -

EEPMT e 3o Rp A i 0 FALIEY > R A fRAPManE ke e 2
TR AL BRI (Er > Tpd a3 RFPMA A S (¢ REREE £ B E)
B FE oV - 2 d 0 EBWPMERALZN T §F &FTIRE (& & T 35PMys{rPMyo
B & A 0510 pg/m*{e20 pg/m®) o T AL g $ LA K SLA 2 3 {18 (WHO, 2006) 0 7
Wig— Ao d T pd PR AFS 2 FERE B o
Bk BTF A DR WBOTRSFPMIr A & 4 505 2t &g

R ] e ) Lk Suk s (Chen et al, 2016) 0

A-
el
[
&*{,
m

L T El ek
TREREG M ¢34
d g AR £
CUE e acis 44 % & (Darquenne, 2014) o = » PPMos ¥ TR BrE g 07 e
AR XA Qi e DL w3 T o R INA ks g £ O(Wei
and Tang, 2018) - F]p* - ok Mok dgF pd o TNE R B LT i 4 g 3COVID-19
AT A B R ks e BT BB RN A H Aop A iR
%;Yﬁrséffr?f‘ Fo XA A @F fexx A P g * (Pope I, 2007; Li et al., 2016; Pope et
al., 2018; Kirrane et al., 2019; Tsatsakis et al., 2020) -
LR E R CUVEEE SURECTES S N S N e £

L F
G BEERB AR LRI APMIr{ f A e gt 05 4 4

o g

=N

PM-de» = g @ chd b g e md ~ LR wE{Rg > v PEPMag £+ 0k

arl

BoRE L Fa o A T AKRF RS 2 L {oF AL 4 (Turaga et al., 2012) - ¢ 5%
FAEfrE A > ABPMA AL FE YR > Gt S EEP HH 47 (Cao et al,
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EHABBREREE AR GLT BT
2014; Wei et al., 2016) « .t » § RIS EBRR A nd o pro Tl iEsEd v f &
pepb A Al A B A RS o R A5 BT AR B M XY EATRIE A4
ok o PR T F BIEGR L

55 dp IPMene S B e R F SRR T M ER T L #PMAp b e
FER LT AR OHEAL AN GRFATE BT F ok 6 i d
TR RS F R APME S H A 0L B AR T PM AL f ek
GG hiEY A - Ak F S L T R AL

3-4 4rCOVID-19® % 4n M 2 % 3% $-%

BiTF 3F 5 B ATSARS-COV-2%2 H R85 4 5 ek B

S BFHFAT SR BB T B AT H Y - B 5 22 COVID-191# 4 fr 5 = ikl 5 o
3 17 el d) > g R R 0 % S SHo b 2 &2 R HCOVID-19 18 3 R
M GEA RS/ AR AT S RBHEE R éé’,il%f’ﬂ* (Bherwani et
al., 2020a, Bherwani et al., 2020c; Goumenou et al., 2020) - ;& A& Iﬁ* BB TN
oM REL PP ERR RS TR G RIRE S FAR (FE) ERRGF

FIiE % B 0F 0 RITRE FI & O L 1K (Bherwani et al., 2020b; Gupta et al., 2020) -

\\\Xr

s 224 [ S N . o
i) e R N

SRS oL Bk BOTRES A P L H R 5 4E R #COVID-19 3 & 7= 2
B M {FakRERT Bt o BF 0 L8 D4 0075 L5 MR R
Fopdi AL F L LTICOVID-IOE % » £ X VR X AL hmd b 44
bR R kL EPME S S o e I RS KR SOp s i
COVID-19 % =k *& 7 B (Zhu et al., 2020a) » €@ & — # e frE M B 5 ehipk >
A CFAPMEFRT UEFRPRA DL G P e g A ERT SRS S

(g 3§ Q4hfrisd @ARA B4h) bp @Y LI M EL Ty
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¥R PEFATSE
%3-1% k%8B $HHCOVID-192 # FH35
FE B B A % ch i ERE O X I R
PR R~ APSRE ~ F Bic | T39E B 2 COVID-19F 2 7 bl 2. B ehif iR M % 2
¢ R 1221 5 1 = oo ™~ | Xie and Zhu (2020)
B <3°C# i}

* B 3L

pEf R

F o PR NTIORRARA FI3CL L fE A

COVID-19sfii% & § 4p B

Oliveiros et al. (2020)

1001 ¢ B35+ o FEFRAAAERAESDDF > P BirE Mg sl 4
L L BRACA IR AR £ / L ! Wang et al. (2020a)
1005 % B &% (R) =t
A2 NPMy R O3 RI100% 11 b chis s A X [ & o KR

55 & = 174 €359

2018 HPMyq ~ O3 feWind #icd

o BBAICHF A I EBER T M

Coccia (2020)

et > PR R G IY

BGE R - BB R A - T
B~ RR o A

R § T8 B 2 COVID-19+ i 7 AT % 4p M

Tosepu et al. (2020)

AFLC (RH5R) & Hopd QihtE K10% < BA 2

¢ @& 0 N /;ﬂ)i Gupta (2020
Ae - FR ALY T L AR ] pta (2020)
2 e g Mol B R AR FF S B AR T R R DEE - BRARSEER AL .
_ . ) , , ) Bherwani et al.,
B Bd ERELE | R AR ERR Ao FRCREDRMPTEE BB FE (403 (20200)
B Al e FAEE) TS EE
2 W73 500 Ve &= .
TR R BRBECOVID-197 = F2 B R Bg¥F it 4p Bl Li (2020)

BT
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EARBERE B

(S

BH LT

A g

g B oiim iy,

R N5

ik =%

9

Y% &

ER - ARH B - %SG S | AP EP SRR (0-10°C) 1B (2-6 glkg) FeUV-

> R0.25%0.25° % 4. | e " o I 1 Wen et al. (2020)
(2 :}'a‘_f:;) Bif & (<LEMIM2d) 7 it ¢ # 4 COVID-19:n# # b %
BEER B RERFH - 8| ME - @A R A FBCRBAT & 3 1% COVID-

¢ R30R Y ¢ £ RERFE - AH ) KEGRPERERFRIRRRT LT Liu et al. (2020c)
BR B ’uuﬂgz 191 35,

£/ (Rhe)

Fmh R PM,ys (44201 A
SRR F R BT A E)

PM,sik B 4 # e 1 ug/m® » COVID-195 = 5 #f 4:8%

Wu et al. (2020b)

166 1 B 7

BIRR

B oA HIR R 5L COVID-19:np F s bl fo 7 = & f 4
MesgFEARBRR DA R > COVID-19+ /i 77 it § #
DR8Pl o

pas}

5

Wu et al. (2020a)

¢ R 12008 5 B

Mais 24 ° PMys ~ PMy ~
SO, ~ CO  NO, 40,22 5 p Fi s

TP T HRET A (SO ) £ 4
Kﬁ °

N )

Zhu et al. (2020a)

}?5 B eBE %
&= A qed ¥ ‘ '
- # & B NO fo 4 i3] £ ¥k BNO, ¢ ¥ g ® ¢hCOVID-195+ = F Ogen (2020)
PR BT R~ T AR £ 4 (10&) “—/kfimPMzs;%;gPt’P ﬁl“'fﬁ%.‘}l’;—jf}l‘]
Bfctr B R & L eP9R | PMasfrPMyg # COVID-19:h5+ = S Ep ¥ 4a b o PMuok % i 7 B ¥ 49 B | Gupta et al. (2020)
T Mo
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FZ2F PFEFATE

3-5 COVID-19 -‘}ﬁii wAR R RSN K ~Fokfrid e AR
G F A SAIL ST kY TG b COVID-19%4 » e & ade ¥ KRS &
PIFIFZ R4 o gt vh o Gl A8 TRRY LG RBITIE B SRES R Bk
4§ R3S R % % (WHO, 2017) - COVID-19 54 § & %> Flt > 22 ¢ 407 il i
kgdpang e o g pd (R Baopd  hkopd o7 AFE) A
BERBY (AR G- AFATFR RS A RkopA AR E p ke <20
Sl ER NS P F 5 X (Wang et al., 2005) o Ap 20T o SR LR R :}ﬁsibfiéﬁﬁ -k
4 E’?’”’i%%*if‘f B (>4log) » BRIFFEIT I A4 P AT 503%F /2 (Lénes et
., 2010) - H # = 3 + P&%;&%m@wv*ﬂumgﬁgﬁ FRELFREEH
= /T‘ »z % (199. 9%i“f) v B 23°Ce G ki did ¢ 5a 2%, h25°Cen® LA

v

UKk LA B A > B25°CHERA & kY % = B & # (Gundy et al., 2008; Casanova
etal., 2009) - # 3 90 B ~ B & Tiﬁﬂﬁiiﬁ&‘fr%ﬁé‘ﬁﬁ’ﬁ BA YR D -‘}?a% °

BiTaEyp & P > COVID- lgflisqw ( SARS-CoV-2) 4 o F ez £ 3 i3t SARS-
CoV-1 4 » f6 % Lil 4 f & eF mif & G # 5 R B4+ (SARS) 4 (Van
Doremalen et al., 2020) » A% @ } ez /a5 2/ P71 9% (Kampf et al., 2020) - 5 /% P&
RP it BB FF > e L0 H3BRE - PHBREoRF SR F- T EFR

o Il A A 0 4e70%0e fR R 0.1%:0k & pagh 0 TTE AlA 4B i B o Sk

AT BT A i E R EE (SARS-COV) @ i -
"HEN14 i g4+ £- 8¢ 4

BT A AR RS 229E (HCOV){r i@ 4 1713 X s 4 (FIPV)i i#
TEET @AY B L (TGEV)fo | 85 L (MHV) & &

B R B G H R TF BT LGRS A ke B 0 3 0 p 1950 &
Rk o @i - B AR R PR B Sl Ae w3l T (B B AT UE) o SEFPER chda A o
PR B PR kR L o R R T R R R

- MR WP HRY P AR AP RIRERT T OB Ar c ERASF Y H
FenmElAEA BT AR AL BT AR RAETRTE BT BT o &
Ao R AT O BEARARRERS G - BRI LY wAS A R RE K

R U R A A iR 2.5 0 ForE R Y Ay (8
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EABRBREEPAR G LT FHAT
gk L JFgd ERABAS TP R REPE RF U R SRS D
i AR LAR i KRN EIOpA i B5 T gL g & g
FoHEHFoLinE R B9 - L pek T Regad or L T F BB ¢ 8
KpF-kBH o - BFHRY > @R RN (B FwEdps) St aE L
AR X Bep e o RISPIR B REOE o BRFM o BRIFIAT g0 F
A @HRTIEF Y 0 LM FT b BT BET kA RE @4 (Lin & Marr,
2017) o ¥ B - LFFTARFET AP A FALTFRRE L PR 0] o blde
KB E - Bhkp COVID-19 = jni7ensk &) o p 2003
Ek S F-TBFEIEEAREEAL LG AH RS 0 ¢ 45 2002-3 £ FE S 1der

&k (SARS) fe 3 o % B> A B L TTH S AL § AZE 300 A B4

SARS - FREiRi o KARAFKENETFBT 0 ERTBF (Yuetal,
2004)

2020£27 » 3¢ FARFO A < £ A AP FAR V- £ COVID-19 5 b
AR G AR KBRS Z WALl AR AT COVID-19 - B - b Fuliehuif % 7%
R R S XS IR Ryl R RS

e e §_o BEARATTH i;;};;ﬁn";»\g}_:]gau A Fe el koo (e e gg{ "1y 02 R i

(-nb
T
e
ol
T
=
B
|
=
&
) -—
N
S
=

PEMEL - I J\?ﬁ/ Foo ZfEAriE B M4
i

F )
EoRRRRED FRERE LRI HERTFY 3 ’ér_:}}%% o 51 FEES R RAEE
i< \‘-}(Am}_é157—mf]”era'?lEt’j,JégJ’I)ELL{",%,:
oo mB ¥ Mami =22 2% 7 (Kangetal, 2020) o d *tigd %% > £ 4 ik
*M%Jﬁﬁﬂﬂﬁﬁi43—@W§ﬂwhﬁ’ké$—iﬁ B R d { F 0T A

3@4.,#':77/‘5 J\?lﬂ J?L,Lﬂm;}%]\?xe‘.)\ Qgc

46



Wash basin

Aerosols Aerosols

Floor drain

Juy

¥ &
Sy

el Sewage flow

———= Aerosol flow

W3- 23%F SARS-CoV-2 eh i § M3t k8 BigH R
(F# &R : Kangetal., 2020)
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EARR ERE EH¥w2 ¥ THEFY
SRR 2 L R

57 {44 ILfRSARS-COV-2:nd Bl < $hpd chd B Z B A G foit g

PRI (FHEEFIEY o

3-6-14& B~

ERHT hpA et HP ARFER DT o4 Bl L - BT snd b B
Lihg pags o 7 oL ZRNAFDNAGAZ 20— 28/ (Tunde et al., 2020) « 4&2ng & 3 © 37
$1 3 »xdr$1SARS-CoVens £ (Yang et al.,, 2007) o #45 & 3 ¢ AFEP ¥ w2 B %

=

PISFUERE A R UR# {oSARS-CoV (te Velthuis et al., 2010) - o Zn*" B B

4w

_T.
Frl s+ (Tunde et al, 2020) - Tunde ¥ #3444 ~ 4% ~ & B~ 2 £ 2 &8 & F

3l

=

2 P eopd iR E% 2470 26 ik (Tunde et al., 2020) - & B ¥ ey

Mhdo XEpdps vt > ERE- HFL AR FEOEE -

3-6-2:4F 4

M2 H o s dhiup & frike IR Qvﬁﬂm’P{ﬁ?ﬁm RA O FE R
s F 7 ERE G F A4 4] 5% (Nerio et al., 2010; Raut and Karuppayil, 2014) - #.
o -BATHET > TEAGER L8 2A (>99%) F it & 4 22 SARS-CoV-2
PRSI EY B RS A LG HEGE Rupd KR BNIED B
Fier A 4P (Thuy et al, 2020) o g~ # > H-L Ffo < % &5 WA 2 pa g %o
Pr4l €% 3 B (Sharma, 2019) - T B RS EHT > F WAL EF DX R LR blar+
Ao AR RE > A F o ARk RS 6 T OUFEFEIET o Ra o 152
PHREDIRE > BHE A3 P B RS (Sahu, 2002) - 4 ¥ g 3t A
Boood T LR FEL I o daSilva® A BT R hfup A IR 70 g eiEaE o

da Silva et al. (2020)= # P F # £ i & > $SARS-CoV-24-# T 4R 2 R
Frg| i e+ ch- #gi- B %fr ) %a;; S LR %fr s R A A i L oo mg
REPBEHRDFREL CFFTL G £ EpS sk k™ (Chandel et al,
2020) - ¥ 5] A B 3-3¢ - Mani et al. (2020):R #=2_7 ¥ it i B COVID-19end 44 3~ 1
BiLLd pldeFcutd ~ 0 F ABFERE ~ F Rp .,,TBZ CRBE 4R T EE
lycorinefr % fedg &4 -5 324l 2 ~ 1 d ~entie A F W E RSB R o G R
R AL B T hE P fodd fody 6 o
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Human Feces ?

Survival I imate Surf; 1 N o s
SEVINELOW NSNS SUNRes (Extended survival and transmission)

* Printing and Tissue * Bank notes (4 days) * Water * BOD
Paper (3 h) * Stainless Steel (7 days) * Protein * COD
* Copper (4 h) * Plastic (7 days) * Undigested fats, * Total Nitrogen
* Treated Wood (2 days) « Outer layer of surgical * Polysaccharides * Volatile Solids
* Glass (4 days) mask (> 7 days) + Bacterial biomass + Undigested food
* Ash residue

Active Phytochemicals *

isi 3
e (Potentially inhibiting compounds)

(Instant killing effect)

SARS-CoV-2 |+ organosulfur * Saponins
* Alcohols * Octanoic acid 8 P )
X o compounds * Chlorophyllins
* Chlorine based * Peroxyacetic acid .
£ = * Flavonoids * Furyl compounds
disinfectants * Phenolic . .
. . + Terpenoids * Alkaloids
* Hydrogen peroxide * Quaternary ammonium ) ; .
e * Limonoids * Polyines
+ Citric acid * Thymol . p
ot * Lignans * Thiophenes
* Glycolic acid X R
P * Sulphides * Proteins
* Lactic acid . ;
* Polyphenolics * Peptides
* Coumarins

W3- &2 &4 & e BEFF o SARS-CoV-2 B fr s iE cnFl R eniv- B 3 4
(Fa kiR # 4 Wikipedia under CC license 4.0)

3-6-3i) % |

/ﬁ%- BB ARG X RE 4 ey e R R /ﬂ “f}?&-q-'fr’ 1 {8 }%@%ﬁmﬁx’ﬁ refeimip chfz
Ak FRBRE FEF (USEPA) it 7 SARS-CoV-2:n# 7 i) & & » .’Ei’ﬁ ER-MPA

sHemoRApm B tE CREFRCCHBE MR- IR-EI R PR F
e~ o F It F B AR LA - F B FORES A EAE LR (B
33) c Ui PRV LR AR 5 By B L6 F LA G (US EPA,
2020) - x® Fivs B AT s o

ﬁ%%ﬁ&&ﬁﬁﬁ&#ﬂ§ﬁ?’ﬁiﬁ%@%@ﬁﬁ&;?” &2 [ %
oo G X S B3 A G R 104 4850 { ‘mehpE F(US EPA, 2020) 0 & &
w’ﬂé?wgﬁ%%a,ifgéﬁwﬁ%»ﬁﬁﬂéﬁﬁw%ﬁAf% 33

NS

3
.

o
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iR L E SARS-CoV-2en% § ¢ @iz p A & § 5§ @k
A @ADL T o MR P RBERLLE S T S Hop 4 Gy
4 ¢ = (Nishiura et al., 2020) - #F > gy e 1 g % 3t o k22

PRI RF IR (M RBEAE TR fray AR YN LF
ELEE) NREREPM ZH EE Aot T URF S B AR S Ao 2
B AR BN o R R AEE NG KL R o T e hE A e R
B RFH (blhoit 4o *PPE) B &R * > R gd B i €& enlihis o
ﬁm&%’f;axm%%ixﬂ%%wmiﬁ%wr¢¢*u°*°mﬁ*“@%
WidE 1A H]T HEER o e @ AR AR S (RI3-4) ¢ st s R

F ¢ @ik b % (CDC,2015)

ELIMINATION Most effective
— to physically remove the pathogen
ENGINEERING CONTROLS
—to separate the people and pathogen

ADMINISTRATIVE CONTROLS
- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT
- to use masks, gowns, gloves, etc. Least effective

W3-4% WA Rzl A FEY P vt @ A RirH & 35
(F# %k : CDC, 2015)

i3 37 8 b aE AHVACH (7045 00 39 > B cSARS-CoV-218 4% - 5 8/ 3 # R

Fidw BRI SR Mo ek s Fed TR S g E Y o Gp ¢ ST

¢t X sk ¢ F S HEPAR R 0 il b 2 % iR %38 iMSARS-CoV-2:nid 3 1

RAREE c Fy AN A e aFerdwsi? aoh's L8280
27 3% B @&ﬁ%%iﬁ%igﬁﬁﬁ&%o

ZHAP Y RF hE ¢ g o ) (outside air fractions) 1 2 $i B ch F L F 4 Bl
BAFRAEY BEY 2§ R P SRS FRpANE TS EF BT F ALK
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B Mz fRFREFRI DI F 0 B P NRF L HDTNFF o
B F @4k (Qian et al, 2018) o F & AR - B EZ AL T LA MR
oo F- B EATFOT R G RBA R DR o - AR
BERERE > LA GYEL > BEEwRIE F a6 § 2 $ G

Foa AR L F b AR AT NG R ¥ REER
FEETPZFRERD LG IR S F R T g H e BT
et e B PF IV UEFELEDERMNEBELRINZF B HF LR
AR RF L S Az F A g S RS FBEASS S 07 a4 (Qian et al,
2018) o tpgt 2 ko H{ e E P F EREF TR ER AP RFL I B AL il
B AR PR E AR A TRRALT T A
IR RO EESEr S RS TSk S R e TR L&

?F;‘;%‘LL f}]] ’ :\/.,‘EJ.;

ok

37 # > SARS-COV-2&.% § ¥ @ikn1 A2 414 %
GhEd pARASES N s FAZEASEET S F B2 (1SO, 2017) ¢ T 42

#1- &%Wmipl$m%%#i#é& a%ET’ymﬂéﬁigmﬁ@H
MFHEIE AN 0 REE R F I B AL b A ord g R e
g FopF ez f Y RHIER 2 AL

R TG R R B RS A R BRI R § R RTF AL

MmO G AR o REM R Faw e fI* 3 e B g% (Chan and Liu, 2018;
Gao et al., 2009; Hoffman, 2019; Rackes and Waring, 2014; Yu and Kim, 2011; Zhao et al.,
2020) « dn4F e fvg AF ok 5 A hr o PR MRS A o G b K
(Bl f fept f o il ) TORE AT R G S felbR T ARG F AR @
g4+ % 4% (Melikov, 2011; 2016; Thatiparti et al., 2016; 2017) = € & 45 R Pl &L * 422 0
z f? REFEXFLNzF > L EAY 3T 0§ NIRAIVRE > Hldr i@ ¥ R &

3 BFRALADLEG RO ek R GER @’mvﬁﬁiﬁﬁﬁyﬁﬁ
J'z_%ifjb'Lr;ﬁ e b vt dk o BiF 4 FRRIESY » ¢ GHP0 VEad b 4% > T4 P ¥

fo 3 A 5 e 304 0 1B L R foRf] @ H(Phiri, 2014) o 4 d b BT 0L R

BHAXZF Y B4 & (Gl4e 2 COVID-19= in (7 ) S 4cil b i Fehay 4 #
(RSN G LA T R SRR S o e el s T

EELR NI FIRap s R B R > PR Ao B N ERRES
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FEARBRREEEIPER LY AT
ol B o dek R ERIE (BT RF) R F RFSmRMIER € &5
Ao R F SR 2 ok % 3 4o (Gilkeson et al., 2013) ot g iF iE 2
Toop R R SRMAER T RFERTIT ARG VAR FHF R B o 2 RULR K E D
W P efoag 2 i H (WHO, 2000) o 64037 BEWHOR % 0 4ok @ % f AR b
# COVID-19f —’IL)]% ¢ b £ 30Kk E160 L/sec/%*(WHO 2020b) -
BT A PRI ARTY wp 220 AN A NEL RS VR EF A IES L
% (MSN, 2020) - §F K% #-8 F L 2D ¥ BFL gAY henfpiRidn o &
WA R AR 3w A 4eCOVID-19 % R R m?’ﬁ X jgerid ho 7 % 3% ,&«“z

Bicg $dxdl e k@i fcd @ 25 2B (GHeF B~ 752 % ~ i~ % 2 -

?]%L?F: B CGH R §RES S '\kﬁ%]) P R QTL% Y 2 iU

AR RAE PR EORR AN TR ASE DT o A S BRGERRY
g EERE] (o FUFIF R E G R rd g A ) RSP ERMOYF R B
o REROERERY O RMKOEREFILZELL TRFEPZFST (T -
EFRELE - FLp ML wE) (Booth et al,, 2013; Jo et al., 2019; Kulkarni et al.,
2016; Rule et al., 2018; Sornboot et al., 2019) » # g i(ui B R \—*‘Ffi R VAR
FoORYIRALE ERBLBEBH - ET AT ARRA RHPRRY Y]
%FIEZ}‘;;??E‘E ¢ A2 { B HCOVID-198 4 5 o Fpt > $F3+ F 5 enCOVID-19= 7k §7 »
PERTZFEL BT CE Aok W EHEY > W FHL BRT F 17 IZ(Blocken et al.,
2020; Brittain et al., 2020) -

Bt AT FFCFPNRSF A OAT 2 B P AR v e 2L R AIAQR 42
Frl L o BIFOEPZFORE G AL 0 FIE PR
F AP E LR TR AR Ft o R Ay T ORI AT LR R DR
e AP > 1 FE A3t F XA ALY 2R RS
AF r»BERFHFFZN c AeAERT  ERDERBEE TR FHEHIF A

&
AR B E A F PP E R R § 2 3 (Abouleish, 2020; David, 2020; Morawska et al.,

\-‘-H

ME R o e > TR p IFE

2020) -

3-7-1: b 4p B e 4y /\#h’*@
4ok T FF] 0 E PR Y COVID-196h7 P @ 3f R L M 4o 5 TP 420 ECF sk
5o GlhrAL L EEHEe p MR o ACTIEAMIT 0 AR FRL ARE A PHT F 0
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FZ2F PFEFATE
% i % L (Bradley, 2020; Kumar and Morawska, 2019; ProLampSales, 2020; Yamano et
al., 2020) - =2 ;4 ¢ 5 3F F B g ANz @ :}é:}ﬁa LA ELEE o &S d HVAC
SRR EEATF o PERAFH AR C LH DT REY S R D F B
FRAMEH A AR R ARRR > MR TP FiAe Ay o B R
ﬁ‘ﬁ“#ﬁ%ﬁﬁ(%%%&Z){&ﬁﬁﬁﬁﬁ»#ﬁc

TR PR MO /LG F IR FEHAREL
AT R L FRF I AEHEPREY DI F BB BAR o LERBTRT > T UHR
FoE b A AEFBE > B X f2R & R 0 SARS-CoV-26:E - ) A o B b D
ZFHRP W Rk sd HVACT #2674 = T 1945 ASHRAE ~ REHVA{-SHASE:L } 4n
B 117 L AT 1 fRACOVID-19~% i 7 o s 4 foim By M ik 4 B AR 1 ¢ )
Rz fv Fomidzad hnd xR Fpfrd e ZtEm niRETL R RE TR
#Fikaoz ) 34 & F(Gaoetal, 2009; Goyal et al., 2011; Morawska et al., 2020) -
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EARBEREE DA R Xy
23-2Z2 F A EN J AR
il fo it 114 R X
» ¥ B g 4 e e TG & Emen v kg 7 H 4
SRS iRz f&éi‘?\#ﬂ?—#m&}‘;@afyéi e f o ew ;;ﬁivﬂuﬁij&:z?w - :,;_ﬁ iiﬁ& Memarzadeh et al.
B RIEFRAL Lh e . (2010)
v v
BRI | 2D *,f:}fq&%ﬁ&ﬁé B2 g2 - o 8d i b e s e . } (Memarzadeh et al
TE G FLS N, i T W T B o
i e A R AR SN e N ;;; § " ;iﬁz,figi ”;;g * | 2010; Rackes and
B 4 M A R 3 AR R R + - Waring, 2014)
i‘+_HVAC,§‘< ﬁfu‘ B ;f;f% * - ﬁj T | TR R T % Kol ;ngrmg o d »‘«%,q;h-;ﬁ _ _
B | gea) Mm ﬂ»s@#‘ﬁﬁﬁfw@ﬁv & - HEPA m GHE 5 ke al., 2010)
i O - |
woomes | T AN T R CO 0 | L o , (Cummings and
4 i v o FREFL Sau] > £ P EF A AR .
—;iﬁ NO, » SO, ki 3 # ° S B L ;’Pifi fo Lr oy LR PRAS Waring, 2020; Packer,
i P a3 2009)
BRTES BEHVAC KR » 2§ P A | L o o e .+ | (Horning and Davis
p & 2 , S by e [N 4 o1 1@;’? Viﬁﬁfi—”}@}/ﬁ,ﬁ@u’ lEv?nbgs}iﬁ’éxfy !
T 4 4Fﬁ%%ﬁ+ S Rl R SR (s:}p')}% R 2020), ASHRAE,
1 A) FAF o 2015)
UVGI# | 320 3T UVGIBUE s f 48 cnDNA/ RNAZ | 5 & B ¢ g L3 4 i engl § fof A (Bradley, 2020; Goel
Vil A S S A engE R R o et al., 2020)
30 |22 21 R AR ki R 5 | > v - BT T B 97 1] | (Bolashikov and
e 3o o Melikov, 2009)
Zrk\ ;: e R , 1 .
PRI REEE | gt g v AR R R | @A R A TR A SR B ek i a g e | (Chouirfaetal, 2019;
. HoL g R o B¥ R ek it A LTI, o hiER Y o Goel et al., 2020;
(PCO) - ‘ ’ 2 o Megahed, 2014)
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2R PEATASE
3-7-2% *F S enpjiv
BT p 4 0 AR e > T Hmdh T A 2 o Bk 2 B3
- BERG ZSFELF Y S R RF R R o % B EA (Ultraviolet
Germicidal Irradiation, UVGI) i ¥ A 47253.7 nm (UV-C) ¥ b L & - ¢ UVGI
GALE G ORFE® > R ARG DFEE o d T RN A AR oA K DRRER G
4] 7 H R L ¢ * (Bang et al., 2018; Brickner and Vincent, 2013; Memarzadeh et al.,
2010) - $.3F > = SSAERE Y b (L E207-222 nm) T 2 f ook RS A frmE e b
FHRETEET > 2 BZPUVCH - k72 ¥ 3 2% ¢ #@%;{%:]1%% (Walker and Ko,
2007) ~ + J& (McDevitt et al., 2007)f- 4 4= 1% F(Xu et al., 2003) » # % /i g (McDevitt et al.,
2012; McLean, 1961) - B35 3 & 7 > M fF(Xu et al,, 2005) -+ F % (McDevitt et al.,
2012) 385 F B A i 4o 7 R 4 2 512 o Damell % 4 (2004) % 7 > SARS-CoV-1¥
1A UV-C4 & > @ Bedell(2016) %8 7 » UV-Ci i 2% # ¥ %.1.22 mAud & i MERS-
CoV » i tbA & i > 176 log(¥#icx) o B + Bi2 § SARS-COV-2ehlcdh » fe ¥ 4 &5 =
#@%ﬁ&%%ﬁ?ﬁ?ﬁ%ﬂVCgéﬂﬁwﬁ*@°

B RWREAE Y AL RS > TES R AT 2o PR R &
% K SARS-CoV-2:k & - xf{f_fg ¥AHEZ 2P feEABEFFCFY R Ff H }ﬁa*

frimpFet > vEF WAL R rR b G S5 F AT BT 4 2 SARS-CoV-2:
i 4% (Horning and Davis, 2020; McNamara, 2020; Simon, 2020; Welch et al., 2018) - i ¢
COX PR BT RAHERE AR B PRBET R EH AL A 0 Ak
AR T AR AR ?ﬁﬁ*%iﬁﬂé&%i%—ﬁo&ﬂ’m&*éﬁp
7 R eap B A FE E P COVID-1935 8 P e o Flt » 77 i {7 ¢ > SARS-
CoV-2 &% #b k™ {7 4 7 33 & #% (Goel et al., 2020; The Illuminating Engineering
Society, 2020) o izd: FFl FH AT A F EARY TR EZ O NFLHAMEERE X7
FIg -
ZFRY P & S HUVGIE I 4 & Bt a BAESE © S B ko2 §F g siog
FNEE o 2 B BEUVGE (UR-UVGH) E.gd bR < 14 + R 500 & 54 kit
* e UR-UVGIE - fiif & adedfh ~ W b 7 Lk B P 3 g i B a2k B 7
Fan §FAF B T HRWER DA 4 G e pt > UVGHER Ll F 2 RBIF
FEROE ETHY O MELARBFERABRE RS o W 0 2 EUVGE B L bk
AP R T F i F 3B - B (Noakes et al., 2015) - Escombe % 4 (2009#& ) Ao+ o
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ZABBEREZ PAKB LT FETY

F_&
|
—

AIEB Y 0 A FPREOBIFR S T TT% 0 A AN E BT A7 > UVGH § #
fw g F e 2 (Xu et al, 2005, 2003; Yang et al., 2012) - iz &2 HN P - R
(Gilkeson and Noakes, 2013; Noakes et al., 2004; Sung and Kato, 2010; Yang et al., 2012) %
TR ORB B A B HANE R v g 0 B IR 57T H5UVGH pet(Xu et al,
2013; Zhu et al., 2014) - 3= F BUVGHR ™ &3 Eit 2 5 ¢ e frenie 4 pFo
Ja % F ¢ A FHUVGTaT R 1 2 ficd F i A pRAE TR L DR E - GUVA

PEE AR (UV) BBHBREE I EBRER ¥ 47 3 UWes/om® o 4ok 232 @ 4 > 12
i F NG W en T ou kUl B S 30 pWICm?RI50 pWiem? s B R o 3K £ L b 3
SEUVGT M3 22l < 58z 3 A APRFRAPEERE A8 o« o L& 0% &
BB R B R E o BT EHEEE S Nl ARBDIFYEAVAR
353 iUVGIA  (CDC/ NIOSH, 2009) - % # R % & *& -7 (Noakes et al., 2015)
T R hRBEEY TG TioigetR R 502 W/m? e} B UVGT 11 3 fo 30 B3 b i@
F 13 ACHH: 4c 316 ACH -

FEPUVG  rnd R T ¥ - 87 2 37 A - B % o o RS
AP T > A F @2 B 7§ £ R%kOERT (Bang et al., 2018; Bradley,
2020; Horning and Davis, 2020; Kujundzic et al., 2007; Memarzadeh et al., 2010; Yamano et
al., 2020; Welch et al., 2018) - & 1 UV-Ci& {7 ¢ g p 7 # o & (In-duct air disinfection)
BFL IR EBEF U FRFHEDE PRI NP L ERRTFLE R
B o B p HEE o AU £ 51,500 pWes / cm? (1,500 pliem?) o ® i F 2kt r b
500 fpm#s s f imen i se s Bl R R LA E R 0 A b KO REBHRF Z0254) 0 £
BIA g 417 e poa bR S B od f k50T L i 4IHEPAGE Ji s 20 £ £ d g 4
i+ 019 45 (CDCINIOSH, 2009) » #1374 &UVGIATE 1 fFent k> % 2R ALY
¥ - BRAL FISUVGHEE %8 2 4 R LR W At pig2? - b
- 7y 4 ke % > ehUVGI i si(Brickner and Vincent, 2013) o

A 3+ % 4 ¥ Building and Environment 2021 # — & B ¢ i P UVGldz i 35 &
review? ¥ & TR E > 2455 SHF E P UVGl kit qee ;Fﬁer‘ FE AUV B E o p
P gt COVID-19 0 miten CoV % ik 5 % Sefpped B it i "I;}]%:% ¥ vk AR
HE > MR T EE P UVG] kS o homd anif 3 ock o FHla T 0 03 E
it 90% SARS-CoV-2{rSARS-CoV - if % hg i p UVGI i Sk ede -1 > 4.64 J/m?
fr 5.84 JmPehT o oh UH B o Flpb 0 T B [ 55 % B A LR F R KB A
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5=2% PEFATSE

v E"f‘llf:' kR E o tg; ohm g & ﬁg;{g;fg&ggti# # o} 4‘51\}3@,&,']—1 m,}tﬁ,ﬁ)fp B o ,g-_,_

?éwUXﬂE—eﬁma{%?%“ﬁiiﬁﬁmwﬁxﬁ’mdﬁéﬁﬁﬁﬁm
/Eg%g“ré%ﬁﬂ—éﬂi%%cd*ML%&WﬁﬂMﬂﬁ%+whkmﬁ’Mﬂﬂﬁw
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STk
o
f*m
Rl
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o
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1a
Ev
e
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3\
bl
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3
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RF e ka0 FRE- HEE R

3-7-32 4 i g Pt

ARPFHRFTEBANHREEZLZTPZF 0 AR - BL AR AP OEPERR
AP pBiTd S H G BB foak € 0k A X DML o T ARG SAfoRTEARE B
NERFOFRESSE RSV N C ERE SR B0 8 BEBMRES
HAE O (7 ) * (Kisser et al., 2020; Malifiska and Zabochnicka-Swiatek, 2010; Pettit et

a4

al., 2018; Wang and Zhang, 2011) - & #f 2 % » mede 2 A e LiBR T § T %
CO ™ 544 HfrOp o THN AN T AHFHEFRLIT - T LR EHR
WEEIAAERENREY BRETIMOT LM KA EF L FWAEET > AR
EE Ak A ch4 & 4 (Biloria and Thakkar, 2020; Frangoul, 2019; Neill, 2019) - = &_» #&
FEABRBY RSB I O ARS T G h- R ”H’?ﬁgﬁﬁﬂ%ﬁﬁ
Bt o R RS 4 EF ~ F PR SRE L BT R e A AR U
T g A4 R EVOC -

THEACKE AR DB T LG F b G F RGRRI 2
i & 3% % B (Miller-Leiden et al., 1996) o ¢t b > 3k & % &5 & ;—).2*-53%’

DF SR 5T F R B

e
F_L
N
&~
A
3
¥
by
)
(
et
K2
e
—~
=
&=
7
N )
/Fﬁ
735
:‘C
—K\

TR FIRAER S EL BT F AEY IS R AT T
BHRE S o AR /A R T R PRk 0 PRI LA S RS L o/
BNA 2 RETET R ITEDT e F O e

A FEBORL AT FFAEBOR PR ZF NI P fﬁ*iﬂ
(Shaughnessy and Sextro, 2006) » 7z T+ i e * g kA5 F T2 % mﬁig,J HEREAE U ER
A OFEPAL DEIEEZT F R 8 iE (Foarde, 1999) - Kujundzic% % (2006# ) 37
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EABBEREE AL ST AHFAT

9o 7§ kB 22631980 mheiF R g F SRR S S R A
.fsm‘];%]"f rE ‘];;—]’ e3> & u4p g 531189 mPch g B % Mk chd ok iR o
A B “f R KRR A o e I ﬁg,] i# F (Clean Air Delivery Rate,
CADR) i ¥z > 3 &[4 45 (cubic feet per minute, CFM) 3 H i o
CADR=# jmit Fx3 KT ; =] P4 & £ (air changes per hour, ACH )
“r %% F 2% 0 ACH=CADR (cfm) x60 (min/hr) =% B agf (ft°)
s “,4f ZF AR IS 2 B EHRECOM# B Bend B ¥ > TR
—HFFY AR R PRI AHK G MDA R EASEIER R
& - # # % (Cummings and Waring, 2020; Llewellyn and Dixon, 2011; Soreanu et al.,
2013) « Bfs » FERHEI P OF EREFHR O R E LR LDF oz f SRS
W Mo &R R R o
3-T-5p P i T AR P BN TREL Y 04 H
EEEEEF AR TR AR TR ED YRR R LR S LR T
ToORAHGEI AP D HRAREFPFTREI R - T anF S L R
- BETHE T RRSE ﬁiﬁa’*@? AR Bz Bl b S8k M- &
LD BRAEN BT R T A B2 A R R Lk kil b S
frd pooeF g dl e o g Nz § 7 ) pd SRR ER SR P RATG M
2 AR Bldhe o BERAAZET Y o ek ER AN L RS L E
PHASFRORNEd ZFBRIRET R EEFRL R A FHF R RF OX

X
2

AP AU I Bl e P Dot A 0B ¢ s i E ik X R g- 30
% (Knibbs et al., 2012; Stopera and Stopera, 2020) -

AT HA B ARPM I 2 R R L AR AN - BAL REY AR
Bt R 208 0 LR LR R 2 PN R o P RStieLPNER D { Fep
L oNp At 2R g7t BFREFL S Y o T
o T ERNIEACE EXEr o, 1 fRER > BRI HHBZEHA LADEE B 3
2.0 WSO T BB ARFRA D R AT ARW 0 R R IAQL AKX R o e B ATT
1 ARfEAS R A HCOVID-19p 2 f 4 g & B f2 B s (7 o & S RRTH 7 F ﬁr%
ﬁﬁgﬁlﬁﬂ%%%m—wé’uﬁ‘ﬁ4ha SR A A EIN s sl B B i

Afschy f R o A FIRRRIA KGR FRERGILG S F o T FH A

3T myfiﬁq\%ﬁ:@v% ke B e 37 e

:“
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FZ2F PFEFATE
FIFL eI opRMEEY 270 L8 7 (Brown etal, 2015; Kim et al.,
2016; Kormuth et al., 2018; Kulkarni et al., 2016; Marr et al., 2019; Pyankov et al., 2018;
Tang, 2009) - SARS-COV-Z:};%% B BipaEk e e L RPARE- ] F(van
Doremalen et al., 2020) » F]p* % g 4 BAEF v € = » \MII%* IR RN N A S A
Hifrm o ¥ "EFRRRE IR ESTR o FIAT R g I Al E A 2
L THFAT P FRIeE B 2R E R TR L SRR AR PTG gl
%%%@%&»@%c
&ﬁﬂ#%%%jAiﬁ@%ﬁﬁﬁw@ﬂ’%&aﬁ%fkwﬁ%o%@ﬂﬁ
BPALLIEH S 24D LR A AREME FRBHERRE T L 8 F R
’}}ﬁ’]‘]&}ﬁ;#‘ #is P¥BER B F «:}'\Eﬂ,&i’:IE G- 2 BHl kI > HB A% L
BN MT Ol AR AFEREEP 0 PO R 2§ B R
Pt A R EF o g FFEIR XY R A DOHEPAR &3 §
(ASHRAE 170-2017) (ASHRAE, 2017) c e &_» i fd /& + £+ ¢ @ P4 F > Vg E
FHRPFOHIFERR TGRS DT R BRI P Y AT PAREIEY o
b R RFEARIREZENY pAcR  REF O NI R LN HE T §

el

‘g;

BHmE G MOERNE YRR DA TR FTARCHARFURE ORE -
BARRBIP A R R AT AR BEF IR RinE R A IR

SPERIFERCDOEFRHLFORBNE R PRFAE FEIERIRT > B R

$ #° R 4COVID-194 % 7 > SARS-COV-2:p 4 (it ) BB A 4 o & X}
B YHE ARG e B BT R R R N AR Y ¥ L p R AR
ek Ao e P 38 B B ECATAOE S B A T AL B 44 SARS-COV-2 148 « AFT
j@dﬁﬁé%?a%%ﬂuﬁﬁﬁrﬁ&ﬁ&x?ﬁ\§%%ﬁ~—&f&éﬁu
B B RER SRR S AR RS 2 ARE B LT

oM o
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AIR DISINFECTION AND PURIFICATION TECHNOLOGIES

STUDY LOCAL CLIMATIC &

+
i e SR s s S s Yes Dnies No
ADVANCED VENTILATION-RELATED INTERVENTION & rskexist o—*

1
- v +
Filtration Nano Purification — UV Technology :l\':: Any
Technology Technology Technology 1 N fYes No
ogy logy echnology Sy, — problem
1
ﬁ'—+ L l Far-UVC TVGI ?
4
Biofiltration Mechanical Silver ¢ =
Technology Filtration MNanoparticles 1s e =
{Green Walls {HEPA Filter & Bipolar .H\’Irl\(\ i ;
& & P ! I E Sys. ’I-_xh_I -
M ieraal A minicrohaal Oxidath £ N2 - 2
In Duct Hybrid
Structures) Coated Filters) (PCOY = N ¢ — Y
l l l I é UR-UVGI System
Review th 1 and updat riodically E ¢
eview the assessment and updates periodically
Still walting P L * B “ﬁ:n_ Yes Celling
Handbook & - - bigho - —*  Mounted
Guldelines Follow updated data (Indices, Rules, Checklists,.....) = 2 Fixtures
No [
Wall mounted fixtures should be
employed that direct UV towards ceiling
F ) -

Follow CDC/NIOSH Ensure installed systems

SHASE and other Guideli R 1 operate elfectively and safely

Follow ASHRAE, REHVA, Ensure maintenance
requirements & training

W3-HRB XA ZF S FAEHLEfEL FIEH
(F# %k : Morawska et al., 2020)

R B KRR
& Fes B3 COVID- 19}5}%:11»1}&3‘%

Eis g e

A Fli- Bk 2 o - BB S AR A R T R H S
.

'%;Q’T %

G § o ok T B &

COVID-19 % % £ * chf i fod - ?%@?"ﬁﬁﬁ%'&?‘ Re=xa
FARBREBAPEES (25
BeF sr i P BEABEGY) w2 BELARRE
- E e I

3
F

gl
B_jrﬂ‘?’,,.ﬂ{’11]‘7‘:‘*"}1“:’!‘111{#’?1&)‘?1;1 RTA W

#okEs
PR

B H i M bk KA 2 R R ASARS-CoV-1 i 4 et £

o

dhfd K 5§ 2
m)%&]?m%ﬁ’o

SITE CONDITIONS

‘—\ (Wind calculations & Simulations)
+

Dilution &
Natural
ventilation

+

Study passive
design strategies

L

Analyse cross-Mlow
& Stack ventilation

+

Follow design
criteria

+

Low cost &
Maintenance

“F R e

_@au@sumﬂ,%@aﬁﬁw¢ﬁé@m%o$wygﬁ@§ﬁﬁ
2 fs Lo U
bR FRBIF BT o 4ok @2 SCOVID-19 B EHpNE o> 7 AL P
S b
IR A R4

‘ﬁff’#

Zki R BERFNEE KL o R HNFERERE o o]
(WHO, 2006) » F
&8 oK EIZ (WHO, 2018) - 2003 # » A B W Frck - A A 2§ <
¥1% 2. - (Yu

etal, 2004) = P45 K 2§+ G KATDHS § @HCOVID-19 i 2 e h
7 (Regan, 2020) - 4% %4 iR w2 ToRE4pid o PIREF R

I~

FRIPA D D0 AFEDR VE T ATl el F 2w
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FZ2F PFEFATE
BiPRREFS X 2L Z G 8l fhdmi o MR B AT okl 2 2 4 M Pk
% (WHO, 2015) -

Yokt AR OR) Tl @R TITORYE o AR SIRF AT 8 S drdn
SURATfe it K o AR RE 2 frE SJ FIILH- 1L o B IR o ¥ AR i o
PR > B LA ARE  EE{IAINER TR B35 15 F chpEd
(i) ~BPfrlBE R RGN 55F) a9t iEme TR (2332 o
B2 ) Jk#EpEgr T -0 305K (Tilley et al., 2014) -

CHEREFFRERAPA TS M E RS e L 1R (RI3-6) 0 ¢ F
L w@ﬁﬁ*i%ﬁﬁtﬁﬁﬂﬁﬁaﬁﬁu&ﬁ%i&iﬁmiﬁﬁ’&%%ﬁ

AR FLAPE R BkG 2 EER R S HFERE R s ke 2

2Pk R A RBEKE > TTRRAIRTRY 2L F A 2R

EL R AP ERBHBESIARRE R FEL
2. FRFRAREAE LR CRAFREAF N UIE ILIES*JJ;““‘#’#L/!?]W‘U A 5k

%@%ﬂk’&%i%ﬁ{%%ﬁﬁﬁﬁ M F ATk s FEEREL

PARABFREEY DRSNS (MFRF L) » nELFFERT2ZE

AFRY2ZBUUAGREFRZ 245 kinrn g FRE SR AR g o
30 BRERERE (2F %) 2oy i SRAEApAA R L FREM R

FI RS A TR A I F 2 B L R AR R g%}a&

—ATRERY . FER S HTERTEY > SEHRPHFF AR FE

AR e BFHE P2 M F &Rk PR EHESOFERFP AL T F 0

RARRPRRERM S SR TFERFENEP R IR RIRLIFS o
4 ERERRE (BF %) 2#2Fho il SRAAPAS LI EPERE TR

- CUERE RSk #F S 2 B I 2 HRAMPER P EFr 0K

BAdR gz22x Rl o A EXE A p?iﬂ%ﬁﬂwﬁ PR L pER

EEUE I ul LI U el O I R

FPRERESOAFY O ML R OEFELP R EC R DS TR

BARREREL
5. FREFAEAELFRD AT ZAELBIC GRIAPAS N LB AR

B2 BGg o el S ARERRT RA Y PREAGARE Y AFETLZ

BN (Tl A ok) o od2bam T R EOREE S 5N AR R R e s N

o
™ o
i)
?‘“
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¥F2F PFEFATAE

FZERAFFRIIRRAFEE TR TEAPRE S, AN E
FANEF N X

COVID-19% H 1 » & B © BbH#ET % P BB ? #] K w5 12 B 1t SARS-CoV-2
ZRABREY B o 5D ST RE ARV REEATE F RO R4 TS UE R
R £ 3202022 26p » &4 ¥ # 74 (the Ministry of Health, Labour and Welfare,
MHLW) COVID-19/& ] i+ & 1 11 B ¥ & 2 11060 H 6] A A LR 40 3 -

TP EHFTfEN R ?ﬁ%#&ﬁ%#%@ ) E G R AE R IR F R RO
MR F F B etk ) * & 7 fF(Nishiura et al., 2020) - F]ut & 4 ¥ # 4 >72020% 3 *
1p 2% 1 &% T3p» COVID-19% % (Prevention of The COVID-19 Clusters) 5 1~ it
(PMJHC, 2020a) » sxznz 4 ¥ 2 & X facrid b > F| 5 p - 2 A haE 2oy
FIR Send b B2 HEROFR ZFG R R 2 BFOEE o 7 3

Cs”7 &% Nil b 7 2en3tP % A (Closed spaces with poor ventilation) ; ~ T ¢ % &

&

% ¥ (Crowded spaces with many people) ; ™~ 2 % i % #7¥ (Close contact) ; » H§&_fiT
BEHLN AR Lk < BEEE B A B X 2 BUERRAE 8 B SRS S LR
COVID-19% % «n& & 7] (Furuse et al., 2020; PMJHC et al., 2020b) -

ETE2TEd R MA LM AAZEFREENR G BB B2
WEREAFRE > FEfah T A2 EfrlzNEPFE > A EFLZ ORI ES ST
FRMR o A2 T mREY LB NI FFETF I NSRS L RE R
LR sl SRS

REZ H ¥
PEANEEFAPEE R

SETE R A ens P B4 g ML v R A
G RHE S e P kA T P R

S hAfEenizY AR ERBRARFHAT X U RBEAE S A HEINE R
fF

ABEBRET > ERER SR AR A KL

FERVEFEFEAFHE v ARDEZERRNEF FLPALEREL > KR
AREBEBRERETA 2o 9N AL AFIPAEALELE 2R FRRS 5
HROALEGAALEFREDTHFIEPRA 2 LR LA 2EAFLIPREL AR

2 g
rN

R RS B ok PR R

pheh o 2 e g ISARS-CoV-2eh F ¢ g (d Aflk pEH{epE N ROT &
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EABBRERE PAE G LT FRAT

A PREG RA ek TR ﬁ_é_if‘?%ﬁﬂ%%@ﬁt’ (WHO,
2020b) = - @ HiwT 0 SARS-COV-2+4 ¥ il 5 2§ B3 o Fpt o AE Ak enngid 2
DG AR R R~ LRSS 9 BA % 0 ¥ 4G 20 MSARS-CoV-21# i
bk c ASHRAEH 2 4 £ 1 A 380 S p » F 42 (P2 AR

pe
xﬁ\

WOk Sueangd

% (ASHRAE, 2020b) -

3BREREHRAT TR ApH - RFP - Fi ANFF LA AH S
d 3 egid 33k SLASARS-CoV-2enBdh P i £ & ehd & o dofe i S R IF

e R e (I ER) ke 25 naij,gn;m?‘sy&%\‘ # 120206
Vo REZERAEE Y ML E C FRAFE A E (TASHRAE) -~ moM Eag
Hhfezt g (REHVA)) M2 p Az fA{cis 1425 ¢ (TSHASE) % 4p ki
s e 2w BECOVID-19 - 2020410 200 - ¢ BB 7iF2 & | § #3750
COVID-197] » ¢ g & -’L}ﬁa B SO~ ] ?A:}ﬁﬁ%ﬁl‘ﬁ#ﬁ#ﬂ oo FrEon L e TP 43 s
TR R B F2 A2 g &7 5% (Xinhuanet, 2020) - ¥ RZE A F ¢ Pﬁl‘m SRS M
G2~ TRPFIEHLFR L 2 Bt S TR FRen D X A T 40 b gy B 44 (The
Architectural Society of China, 2020) - #» BB isFes i 7 T 375 5% LB 8 B 950 397
ek BTz A bk AE 7§ 4 % 4 (The State Council of China, 2020) - ¢ R4
BB G T2 2R 29 (4#) K SEHCOVID-19r 7 5 2y (The
Chinese Association Of Refrigeration, 2020) - ASHRAE*t2020#2 % 5p % i 7 M3t 7
BRBA B DI LFERAN P £ L 0 202037 24p > ASHRAE sexb 1t %
EBEE-ELF: ﬁ’*fr:‘éﬁ%}ﬁ % (Schoen, 2020) - 2020%4* 14p > ASHRAE{ #77 H B> 7 #
[0 J(u}}ia 2 -4 (ASHRAE, 2020b) - 20204 " 20p > ASHRAE® L3 & 7 & > 3
e I COVID-lQr}fﬁi B e P (HVAC, 2020) - 202052 7p » ASHRAE
# %1 TASHRAE # & COVID-19 &= 5 & & /& 37H *xdp # 4 (ASHRAE, 2020c) -
REHVA *t 2020 # 3 * 17 p # % 7 COVID-19 7 & % sidp G T A4 3P AT 3%
#(REHVA, 2020) » REHVA 2 bt & & > #5851 373045 o 372 AR L AT 13
g (CIBSE) frfie Wz P b $itn ¢ (TRLT) » &8 F 2 b b g &0 23R
(REHVA, 2020; CIBSE, 2020) - 2020 #3* 30p » p & 7 § #A friFr2 1 7 5§ ¢
(SHASE) # & 7 T R >4 4]SARS-CoV-2R % e:d b «0F ¥ 5 (SHASE, 2020) - 2020
£478p > SHASE# 1 T2 Ak & fod 5 K% iF 3 SARSCOVZ@—’P}}% Ak A
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¥2F PEFAT SR
(SHASE, 2020) - HVAC Ap B ¥t cidp ¥4 5 P B 23 ol bk seeng ik 0 22
FAcRY o AFFL R B SARS-CoV-2:n @ 4548 4] ehdy 3 11 2 HVAC % st
etk B o

3-9@&3?\&&&«?#‘%&3»?%4&@?2
Neda Mirzaeir” 3 B~ pra 172 > e F kA F P RA S TR EE AL M
T R T IS # M o Neda Mirzaei & 4+t #4690 & # < (SCI ~ SCOPUS -
Spring£ #7))» 2 T2 a %6, 2 T2%EHa% BARH TP REST ) 2
224 B TR PR ST
% o 2y v 2 WLEED ~ ¥

ﬁ
i
B
B0\

‘J%%}iéﬁég’%/ﬂ\%’?’.&%%%ﬁﬁ v Dz Hf
é"ﬁ?r%fif%’**ﬂﬁ 2 TR R £ FE AR
RIBREEAM -~ #7+4c 3t GreenMark ~ i MKGBC ~ £ #EEWH% 2 A€ £ 5 » =5 » &

n\\—

TP HEAETE N EE TN RET UG LiERE & 4 o (Neda Mirzaei et al., 2020)

~
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ABRBERZ BAFE 2T AT

T

233 RAPANEPRRETH S AL AR L2

(F# kiR : Neda Mirzaei et al., 2020)

R34 RAPLF IR RBASTRELSAZ AR AL A LR

Lower satisfaction Or
No differences in
Green buildings

Higher satisfaction in

Green building programme  Overall  Samle Green buildings

LEED 48% 195 18% 20%
BREEAM 10% 19 23% 19%
Green Star 10% 8 25% 14%
GBL 7% 25 18% 7%
KGBC 2% 1 0 10%
EEWH 2% 3 25% 0

GREEN MARK 5% 9 28% 15%
G-SEED 2% 3 20% 10%
NA 14% 176 13% 22%

(F# kiR : Neda Mirzaei et al., 2020)

3-10 & Wegid 7 3% (Heating, Ventilation, Air-conditioning and Cooling, HVAC) i 3uéh
#R

COVID-19347% 54 < in FH 2 S+ AR 51 REASPT - F I F 2 2Rz §
WEARAERT 2R A AR ERA T G APk o A o BRI 2T LR

AR F A ARG SR AR AP E L TR o B R hHe



FIR OFEFATAYE
VIR FIARFLEREZATNEENE  AARFEY L TS FRUEFER
DRPHTER F IS o AP SRS AeE L2 B B o g e o

“#4 B3

’?;Z)Jég

*’:r
o
W
o
L
e
o
W
R
3

F PR RFLHE %f%##?4o&?a

WENE - PFe RGBS B A 2 o ApF B AP RS K G GURD B
R S \4‘@"15'&,“;\*;’5‘}‘&‘*/’7\5(‘/)5 Fiedartlioe 2Ed gz F fiﬁi‘fr;@,}%
ZTHFEE oNT O AT HERE X LM L ;}ﬁglv:lz—)fprﬁg %%@:}gg%ﬁ;fg#ﬁ%

qféz

P AR BRI AP S EANFE
(1N < L > L

3 R4IR - FPAR R R e

WA A R L4 By fASARS-CoV-2 » REHVAZE 23 * ALARA (i3 £+ iE
SRR FR AR TR P R FERERDEE L e h T - AR
A e SHASE%:}}%% lﬁ#&,m—p i# 2 ASHRAE {rREHVA gL 8E4p ir » SHASEAp » ¢ 3% T
e1ISARS-CoV-2£ SARS-CoV-1:E {7+ fi e 3 4 5t > SARS-CoV-2{rSARS-CoV-1:34
AR 02 0 F B & 7 SARS-CoV-1¥ 12 55 d 7 § @3 (Ignatius et al., 2020) -

WA A 3 0 HSARS-CoV-2i g jceng 2 £- Reb o R L ipm 4 (4
SARS-CoV-1) /4% > SARS-CoV-2:n7 f ¢ B4 7 ac e 8T 975 B 7o 1Y 4n
W e300 M AYHVAC & Sk iv ol e 3k 0 2§l B R 5 SARS-CoV-2:118
HoHVAC h1 e fr i@ * M FASHE 22 EEEAK D> 22 U HK -

3-10-1 ASHRAE:£ # % &

ASHRAE=*:2020#4 " 20p % 4 7 7 58 %P (ASHRAE, 2020a) > & ;% £ 5@ * iz
£ % * HVAC » % - 51 #P % % F|SARS-COV-2/COVID-19 &3 § * chib 3 - = 7 %
T FEd RNk BEF ¢ 45PSARS-COV-2E K § T i e I 0 gl
FUPORAORE cRFORTHVACT BV ORA SRR o ¥ HEPRZ T
HVAC:hié * » 7 15 SARS-CoV-2ihk & o ;,ﬁ?g; b friB i II%}* R
SRR BRI F BIEDR o Bt AP R AL R Y HVACH T Y T il
XA GRS o HVACY dujgies § 24308 0 3 B3

2020 3% 24p » (ASHRAE3z:&) # % 7 4% COVID-19+ /i 7 #p F eraz H

K

Rl o gt ek > ASHRAE »t 2020 # 4 * 14 p { #77 TASHRAE & 4 1 5 %+ 3=
it 22020 # 5% 7 p » ASHRAE % & 1 " ASHRAE # & COVID-19 = A # & /£ 37
BAaclp | kg COVID-19 ~ it B B e A 2 (6 £ ATH S pr cnie it

7“+
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FABRBEREIFAH W LT AT

b *% (ASHRAE, 2020d) - ASHRAE & COVID-19 < /i {7 #) fF chzz S8 (v B plzn %

HVAC i 5t @%%@%ﬂﬂ¥i£ﬁﬁﬁ’ymS&N2%ii g Rk T R

EAY Y i) B4k o FIALLIEY (1~2 2% ) A G F Aol E kLl e Ak

2 gt & HVAC K st M enbr & R £ & o h 7 455 L PR e 05 0 1B

FRFE BT ¥ HVAC % %udp M 93 e% (Schoen, 2020) :

1. M4 h 43¢ 258 ZHFRBREMARAAZHZIFASR k7
EhEB D 100% o 2 @ F RipAlnd bk (St F R RIS AIER)
( Demand-controlled ventilation,DCV )

2. 3 VA BB LA REDES S 30 E T MERV-13 hE & 0 ¥ R itimeaid
KU 0n o 3 F g TR MiEpeF B (7 MERV) ) £ AW F 4y TF

FOplRRenz BAF & TR ] auBpoc s (1945 ASHRAE 52214238 ) - B j= %

(=

<S5 um R (AF %)  FHEREREEZF Y o v P4y i SARS-CoV-
2(WHO, 2020b)ei# 4 5 %+ g ' e MERV-13 7 § i B¥ 115 »c" M B L5
Weni@ g o 3 3.0~10.0 pm =+ o] 3E B R TS T i 90%

M AMEEHE L kT UG E R AA-F T X0 - 2 24 [N
(7124)

4. =% ¢ * % 3 HEPA (High efficiency particulate air, HEPA) /g B cdga 58 = FF 3

5. — B E AR T s e T A u\a%c%p#é IR RS TS LS

4 HE) #t f0k 5h MERV & { 4

R ol
) =S
s
o3
g
E)‘
-
AR
A a
=
<
m
Py
<
>
uq
—~
=
fx
ﬂm

p
Wi BT R BUEY € FRE I F R E(pressure drop) e o FE iR { #iE R
Bz wm > HVAC (it Rl B %> a3 ¢ HBRANZ 25424 f o @
)

7.-kE o 25 E 4B EN5 03um Saikd b RS 0 F ROt R L > %
FEREHF o F MR kR DRMTER P BB )

| Eipre

Il i@ EEREDh #

. #E~ ]

IV. % AHVAC s e 3 N 2§ hF BY hiz



B o

1395 ASHRAE & 4 4 5 % = 3 %p < 2 (ASHRAE, 2020b) » /& 1345 # Fr 03K *5 5

B R R 7 % CH S BB S (Ultraviolet germicidal irradiation, UVGI) - 4% 8 A - &

B EE WGP ERERT T FRBE R FEAOE AR L AR

R

TEP AR FRRRER S 0§ AR RP L x@»@4@_;$ﬂﬁ

B 3% (ASHRAE 2013, 2017a, 2019a; FGI 2010) - ##*tH is

ANSI/ASHRAE 1 # 62.1-2019 -~ ANSI/ASHRAE & # 62.2-2019

]mff‘:ﬂ » ASHRAE %A
ﬂfr'

ANSI/ASHRAE/ASHE 3% 170-2017% $f- S b fr3 § SF# D7 & R o

ASHRAE = #-#p < it

BRARG LR R E RN R R F A

fefrif it ~ 5 HRiBA  UVGl foiB & 4241 -
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% 3- BASHRAE - #52.2-2017-3- -] g e F £ £ & (MERV)

Standard 52.2 Composite Average Particle Size Efficiency, % in Size Range, pm

Minimum Efficiency

Reporting Value Range 1 Range 2 Range 3

(MERV-A) (0.30 to 1.0 ym) (1.0 to 3.0 pm) (3.0 to 10.0 ym) Average Arrestance, %
1-A N/A N/A E-A<20 Agg < 65
2-A N/A NA Ey-A<20 65 Sdgy
3-A N/A N/A E-A<20 70 £ dgy
4-A N/A NA Ey-A<20 15 2dmy
5-A N/A N/A 202 Es-A N/A

6-A N/A N/A I5=Es-A N/A

T-A N/A N/A 50 = E-A N/A

8-A N/A 20=ErA TO=Ez-A NA

9-A N/A 35=EyA TS<Es-A NA
10-A N/A 50 = E5-A B0 = Es-A N/A
11-A 20 =E)-A 65 = ExA 85=sEs;-A NIA
12-A IS =EA 80 = Ex-A 90 = E3-A N/A
13-A S0=E;-A 85=ErA 9 =E;-A NA
14-A T5sE-A 90 = Ex-A 95 2 E3-A NIA
15-A 85=FE-A 90 =EyA 95 <FE3-A NA
16-A 95 2 E)-A 95 2 EyA 95 2 E3-A NIA

A-ﬁ&#iﬁﬁﬁﬁﬁ
—Elq)s ”ﬁ PLF AR b F AL R gL )];3 #] %% (Morawska et al., 2020) -

%‘;u’é'a Uﬁ,—ﬁ% Bz m*’f‘f‘-"é f,gj,z,,w};{;s}%ygﬁ = "’Li‘ﬁ#';'ﬁ PRI PR
Boo SR R ER G AN - - 2 a0 GRE RSO AR oE 2 F ST
BRAIATVIHETGO ERARPOLFAGAR P EHF M FRZEEAS L %D

o

¥— 25 g JIr pREb 7T MR LG ROk
BHAIZEAF FH 2 TR LB > NI F AL 2HEHI 2 X 2RE AR
AR R SR R G4 Ris e rE B g M@éﬁ}ﬁs (airborne infection
isolation rooms, AlIRs) - 2=z * HEPA jgi - &7 ;4 34 k@ g HEPA g+ 2
IR R Lk 0 FlS - ¢ & HVAC G ite & % BRIELBERTF -
5 A? O HEPA e r & S Fii g2 27 imm%Li% Y?ﬂﬁ%%@@
AP F Bk R o ASHRAER L » BB H LT B Mt #4458 @
oeba (LK E2005]280nmend ch A ) e s E ek 0 H P 266 nmA B F A E o v
gEP AR T T ERpoL F DB o RpEE S EShe Fpt 0 R
UVGIER » § &Y Wik mpfod § o 2 BB RHEFIfoRER ¢ od 325 UVGIT
" omF @ E Rk e (CDC, 2020): sk * B 4 1t 3 f ek 8B F & 2ATE T F
#% > X AT RE K E HEPA R & UVGI -
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5=2% PEFATSE

B. B &R A

DMW#“wﬂi&éﬁwpf%ﬁ’&ﬂw%ﬁaﬁrwﬁﬁz$ﬂ@%ﬁi%
118 3% (Derby et al., 2017; Taylor et al., 2018) - - LURE B A A o Mousavi® 4 4R 4
B0 A B Jlend G iE 2 AR R £40%7-60%2 7 (Mousavi et al., 2020) « £ §
Z 7 0 AP R A 13Y40% € 3 e g 4 (Mousavi et al., 2020) - R F1F = B 0 F Lo Wik
BRCR TR Y A FHF TR YR o ] RAIRDBRIFEZF Y T
B3 (R RS o H =X
2016; Marcus, et al., 2009) = £ & > § T 5 40 8 & 112740%(Kudo et al., 2009)pF » 484
Bigpfo A sEd A SuehB B 3R R R T o R AR AR § B FSARS-CoV-2:hfE 2
thed -FAFLA7 > Zp+ 24 CHF AR LAgERFEELET F (Chin et al,
2020) » F1gt o dp AR RACBRA G AR ARE S A F ¢ g o 2 AP R {ode
BB KRB R R A TR e o

ASHRAE & $ %74 £ A4 Bt 34 17 B 378 5 e B o8 p| - ASHRAEB 2 3% » %
e 1 B ¢ EHVACK IR > S8 - B AR - BRI R
EXREE IR A EFIRE > A H LR RE R GIEAS

¥ 5o A frim B e de i T 4T 2 a4 (Stone et al.,

ASHRAE # iz S & o€ 7B e E Pl e 3k 4 & & 42 1 7 % (ASHRAE,

2020d) :

L A2 REAME B H LRG0 ¢ HHEPELLFR I L% 245 1 2 F iR
%%ﬁﬂ’%ﬁﬁ\&%éﬁ#mﬁﬁ?QU£;&rﬁ%ii#ﬁo

2. LR rZFRAFDCHRBEAF LR HVAC HXEL > 2 1 F > ¢ RBEF 5%
feE b2 5 46 -

3. FHEAVEAP RN ARRGDE AT FEIT

4, fHorGwBd ERF 2 pF o

ASHRAE:7COVID-19F i % F (ASHRAE, 20206)3% 4 # it 7 1= i 4 F #7F 3 { & 48

e 2k - ASHRAE#p R ;Fﬁe? $ ek o

3-10-2%: i ok ~ i b fr 2 33 1 § COVID-1922 3k eh¥ i
ﬁ_ﬁP;ﬁ‘ﬁL SARS-CoV-2 _“’_—;F @,}%mqr‘@_;}%\’ T a@ ;\PM SARS-CoV-2 gzx@%‘ a/}
LR R RS SR FlE P BEE R M R o FIFF IR
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EABBEREE AL ST AHFAT

G IR SR 7 TR P EFAFEB LR R FUDT § AREAT R R
MBER SRS EEAFAIELS 2 L ARG o ST VR 2
fak schipsl (1) PRRFHRE > P EFRG ZAF P HVAC 2 H U2 HKF

(2 rirERE 2 REAFE S B b %iox 25 Q) st b A AP > 7
AL EREFFS DEE > - HRCPARFEIR AR ZAFDE R
FREEE N LA AR FREFUMTERS S o mWem LR fr1d g
(REHVA)pzit 2019 #73) 5tk % & Ak (COVID-19) i (78 P A3k & Jk b2 38 (722
i % £k > AR COVID-19 i % 3 kst (HVAC) & Bk suqp M F1 % 2 4% - 4
sl 152k ARG ERAP AT AAHER S A RO F N IR B L=
Boo Find e U bRES FEL 0 A b BA- iy BB RHERT
BHEPERHw DL ZH o b3 > LAPFE 2 Ll ] SFEE
B4 BAWFIrEF c bR RAEARARDGIFIRF IR B FFE
Frif - B EEE D FAMRE P ARG HREY FRERGITRE 0 IVAEF DS o
@ K4y nFE A e COVID-19 pt s 8 BF B acié * 3% 5 5 @ - REHVA*t41 3p
#77 COVID-19% R » & 7 1 75 B 37{eif 2 > ¢ 33 B4~ L b K K3 17~ 7

BERREGFET hpa 4 g U2 Rr Gk EHRITE - TR0 1452 ARG
e (70 4545 (REHVA, 2020) « REHVAS#E R 7 [0 5 10T BB 2 5

A g F e b Kk

5 SARS-CoV-2t iz A ® chg 7 ¢ Bt > X 250 » 3 2 g aid b 3
B oREHVA 2%z Vi 4 * REFT T F o g BSR4k g (232
C) o REREAVIEEMNFELFE -

T PRI ER DAY T 0 BT FRE cEREENSERFRET
SEILEY B E L AR L TR S K

B. HVAC i sueffle 17 3k

AR EF 0 HVAC k57 Bz it 4 k4 ivo 2o r 22 o iRl
RE®D P2 I A 28— TR o BIEFT2 | PF o A3 i E
FoAlid bk 5(DCV) & bi® > COxEzkH#3k € 84 #x 2 400 ppm > 72 i b i sor 528
FRFF e FZRAR P cFRAMPER c PpF > AR FFRHDERTT - &
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¥2F PEFAT SR

FlR e gz i d s (doyka S f{feFR) ¢ o4 2R PFER f R 8 LG FE

S B ILRS EE R A E (T 0 Ui R ST P R E AR Y A A o
FIori b A% 23RF BT S F A2 PFERFE T UL E QT gL o

INBHRE DR > TRF LR R IR ERT L ARDTF RIEEE

¥r1100%% 3 F o BREY N FASLKERE L R YR FEY i

xRS o v b pEEF 2 B E HEPA 1R 5 i ¥ 25 iR

PAER IR P E w’@%ﬁaﬂwmﬁ&wzmﬁ&%’uﬁi

EEPEATRBIMLBIFLZF Y SR RAMP RPN ER B ERPFFEFT R

ROk 5o PR BEAIEEGY AR pd LATR -

F
)

C. EARZ BRI T8

PR L A F s A fodp HUBR R K T & o ChinX A # ILSARS-CoV-2#44°C™ 3
BEARTE 1A% - FRMpa 44 30 FE8F- X 537 C ar304 4:556°C
(Chin et al., 2020) - van Doremalen% A %A Az pJR & 21~23"CHrp /8 265%™ %
SARS-CoV-2:1% 4 5 4 d i& {7 7 jplz#(van Doremalen et al., 2020) - #7 37 % 7+ ° SARS-
CoV-2% @ % iBAE (40~60%) T ehidd 472 € B ¥ " M1 o 2R a o L 3enflvr 3 frdbig
#.10~20% =& i1 4p ﬁ,ﬂ)ﬁ;%)ﬁp\ ¥R 4 { stk (Salah et al., 1988) o A @ » 3 4c JR & 7
H_'8 MSARS-CoV-24 Fit 4 1 2 o

D. g% 3§ &

REHVAZLE » - i ? & 3705 F frdd B3 f e e (5 R i i < 4pa
Pooltjp R ek AIRY Lok Uy bR E o K E MRS i
Foo ¥ E F F % REHVARG @ * HEPA Jaie i 7% 45 »eh Bi0d 5§ ol
F A F I (ARG ok B F) o Flpt o 2B F R AL KE
Bl T o X K N ER &P 3 F AILAEFRUVEIR R R S 2 G oox e

E. Heat recovery equipment(#t » 4z £ % )
Wi Hw o EY 2R A CRBAPBIE > MUFEET EMIE o I FEfk (T3

SEIERDRET 2 1~2% 2 B o HIIRF A BRI M SN R HERELF

-

MNP o NEd Bz 2 g b B RAH o B8 dok izl AP %587
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FROB S RIEF PR T ARG RS R S EARS SRE 220% 0 2
PR d A oS o AN T AFHPET o T AR TR

FHF o FILER ARl b R R (7E (T o

51 % 240 REHVA 23 e e ppe {frads rEf r ¥ ~ £ 240

50 FAFR G R L REHVA 23272 L B | #ren® @ - Ry gk (§ 1
F) chigs > ©2002-2003- SARSRA #p ¥ (Lee, 2003) » 5 & & B 3cehfp g 5 -k 2 3f
Bh s et LR PER IR (F3RRBRFER) oL ol B FELRHG
k4t %5 c REHVAZ Z A 85 4k E FHEF o 04 > REHVA B 7 & B k5L
FLER BAP ARZEALLFRDOERTEIP SR PETLE PO E AR F
2 B ik f % o

% REHVA eh= B > % KK % 1 42f7 15 ¢ CIBSEZ (B % P i b Hopiepd § RLT £
#% REHVA % 7|79 cut 2% - CIBSE%# T b frx bz F cnE &4 - 2 §CIBSEZ 42 &
ie %sg;vuv-c;w RAMR N R c AR ZEY AERR L5
BH AR A Sk i (REHVA, 2020; CIBSE, 2020) - RLT;% % SARS-CoV-2% ¢
.@deCﬂa@%ewﬁz’mmcﬂzfmaﬁﬁ@ﬁ%é?ﬁmﬁiﬁge
RLT##:# 7 *fxid 7 HVAC A 3i{c®iF 2 F Rd 2 BFR 4 L o€ £ 4 (Pressemeldung
RLT, 2020) - 4p b % 7 5% Wt T > 7 AATF 8B 24 {2 b 3506 It gy R

¢ o

3-10-3 SHASEz % ch¥t &
SHASERE > 7 74 3K & fo# @ %% ¥ 5 SARS-CoV-21% 4‘}?5 Fliy ek 4o T
A% F e R
SHASE i T b s ste yRBLERWHBE “HH 2455 > FEREF
BEEH S FEE 355§ L3P M= B> 5% E N T AR HE o #3005
b A RIEFET FET AR ERTALF o MR R A A2
Lo EEETRME L TR R
100% © 4o% F o Ad R BRI RIBERFER R R0 F 05 b 5N EDT



Y% PEAT %

mE S FEPFH T T F B e

B.HVAC /¢ s i+
2R E N COxR 2B BERH ARG PERER > ok 7 i > FHET 24
P e B ATEREE F R SR R FAE T o Qo s 3 RRR AT B > R TehE S

el R

C.f BB Rk T 8
pt KL S > SARS-COV-254 7 Whick frk s %o a2 &R 0 A%

Z

Ao ®Aoaticll & WP RE :(WHO, 20200)F B A FR A H 2 - Ka > A MER
BT o AME T VEAREE Big %mhﬁTgwﬁwgﬂxc*“’% | FE e & il b
£ (30 m*=E 4[] pF)

¥ o

D.ja% 2 7 4 #i%

208 4 100% %t F eh ks RET RYE R it wing
EXrRAREDRS L TV IR 4 {Hig® INZTFRTEEFALNG A
:x-*'f* ,}@,F *K"' 'lﬁdﬁﬁ-fﬁi* E A s o E?%ﬁﬂgﬁﬂﬁ Moo &Y
MAERERTFRFE - ZFARTETSHDREG LG 2oche R > Wb 1% My
RROBEEL HFE -

E.#&wfek &

R FE2RIEHE S 5D BB FBROR G, 0 MI % K506 - Ft o
TV B R S T 4R (T o SHASEZR R g kil b BRI T E T f 2 A s
g B RR SRR R EFPAR Rk AR B R
Foim o

YRR > R RE AR IR Trn F GEv F R<E&FR) 0 Bl

F B G E T UEX G Ty E R ’,}_’ﬁ L b BR A IFRTREFFEIT B PF

RETE kA AT R -
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rHERE BHEREDY c BT RA KD EF -

YR BB oR 6 © 5 5 MATCOVID-I9S R R AR Y sk ¢ R
PREBHENLBERAAPR cRIBF I IFEFEAP LRSS T BHET

Pt B2 - o HAFRFEANLHWERLE G AT

Wyp s BB ZREF AR c ¥ VHERBANMT 2ans B § 7
BEEAT AP FE R M RFAR NS T B EEr SRR
Wo R F R HIWEF EP SV E 3 5k si(centralized outdoor air system)fei~
&P VR E & Si(floor-centralized exhaust system)ens B » 2 x4 E R R (A &
PERRFET) o F  FHARBIRE- BHRFEFL S EFESFE S
#%ﬂ‘ﬁ%ﬁ%iz@%a%iﬂifimm%o%%?436\ ke

B Y R AP BB ERE N - BREER Y i‘ﬁ’}‘ﬁ%‘”’“
PR BERF fe itk

'ﬁﬁH@Aﬁ&ﬁ?%ﬂimiﬁmﬁﬁezeﬁ%wﬁ&&&@ﬁﬁ#m’%

w
b
By
=
—h
1
L
<
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O
E
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NS

PR L BRI ok Ll 2 A g P N L 4ok kit

(3 =
N
d 3B RBET R EAERY 100% HF AL o WwEFELERTF 0 RS

a0}

UGS 40% 0 B kA FRE TR EE (20 FT 5o mMRELLER €4
EN7794 ) cjjg 4 % B » H 25 < 3765% - 4+ § [ = 1.0~10.0 um ) (The Chinese

Association Of Refrigeration, 2020) - 3 *t 2 § 4 Se R FHZ P ER B2 292 §F &

Frixg 43 f s giz@eod SEREELREY ek b2 AP FR TR
W%WJ’@Mﬁﬁﬁﬁﬁﬁﬁ(i BEs®) o BZR LAMEEY 0 h bR

SUTEREB RFER oA RS HNT o 23R Wik 5 F & (The Architectural Society
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of China, 2020) -

C.lasfrz f i
HVAC i st@ ehilijg R ¥ Fiefo{ 4 c #2742 44 2 Bazd 5 o33
B R CEPRT o WA BE AT AR o A TEEEN o R

i”?%#%%*&%lﬁ%ﬁﬁﬁﬁiﬁﬁﬁﬂwﬁiﬁﬁ?”%ﬁﬁ
* 3F i 58 4 % 3 B (The Architectural Society of China, 2020) -

)

N
i
B
p1a
et

E. B2 BaRS 4

BRSO RS AE T8 Brid R Rd B E B H e L7 B Yol
B R B3 BE TR o i B Ao RV B S o RN S B 3 E en
F i x4 38 1 % R4% § & (The Architectural Society of China, 2020)
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27 % HVAC fit BRaBhafod it BlAT AR © g o U
FENZFOET  BALFNZF IR EE WP VL LR ERihF B

Rk ER S Bk~ ¢ ok (medium water) ~ 4 R Gk AL 2 R R aR AT ELTE G ok o iR
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Aokl e A b FHE A > FAKRRKEFPRELSREF RBELE IR

FRE o REEOR kT > o
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ABRBERZPAH LT FRAY

EAARETZBAAE S
ci b F (mihrals & ACH) —R BB T F 425 £

(m

cF e —Z AP F P OERF S e B AUCEFERIIFEE S o
TR AFRN G — NG F R G o skens ;‘ﬁ%liif |7 B enx BN
Ao L2 R BOE BIAED DT FE AP g oocfeg o Ak e -k
PR ~BRER R E (REH) ER -
WWW%WMN%@ED@%%%ﬁﬂW’%ﬂk’ﬂﬁ%ﬁﬁﬁWW%MéW%#ﬁ%#?
RAR LR o WHOR AR o S @ @ 4™ 2 P b BT RDMEER L 112
7 F &% (IAQ) 11 % i COVID-19 @ik % #1 5 b
ER Y X ﬁ?ﬁ%éi@’ﬁ Mioip = frfrd 7 b Sl R Ful e B R R
I RAeIR AP N F O Rk AL E{r B2 RE Y o AT FEAAMPN F AT o2
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ty ERBTEEfRC RS E D S RFLSRR T (i
I el

Bl EREL E

FERLHE(Fm)d b a 2ERER - FHPR LS
¢ 160 L/s/patient [y F s
£ 12 ACH AR AREHFTFRT A RFEDE(FIN)LR
(£ 44 59 s BV i iETAGPE B F AHE T4 L F=eh COVID-19 5
WA n/}liif;dﬁ”i;];umi\‘}l%%}]\y
F R COR A SRR SR BB S I DT
(aerosol TEEET T L <HREh - L
generating WHOfx mE R ?‘ J;_I;Q s b — 1 J;I:Q
procedure, AGP) L = ah g o N
& 7 ) SR H2% > ok kSRR R b B A IR MR R Y R F

Lt 5 BPenik t kk X L/s/patientiE & o

dedk gk gRr S (2B R0G 0 Y R HEPA

¢ 60 L/s/patient T :": N ‘
ﬁ/ﬁgm&’——xﬁ %‘ $° L F‘*/_A,Lﬁe DI s

6 ACH %,F,i‘-"?f@;‘%iﬁl_ l]’“lé’*ﬂ’h&f‘?iﬁk [P N
(—‘E—%Bﬁ;‘) ﬁ""?“bﬁ;%‘/}%’m@ q.-‘}/ﬁ/ie‘g‘ﬂf@;;' %._‘,_
( Atkinson et al BoME REPIENE b F2 B PLIE 2 ARG
' i % F 4 & & (Clean Air Delivery Rate, CADR)
2009) + (m3fhr) g2 iR SR TR o
YES —>

AR T RIEREDE BRI F RERERT I
E- SR

}‘%}/EI%@% $/,|1@m;4ﬂh/>fw,I,(%_-E—;‘E\]»’;%ggi'{ﬁé‘f’]
f‘;% ) J,l )b{‘&f‘%ﬁkl /F [‘M’W’l;{, e = =3 w o 7
CR R 0 S R A2 R

+ 7
v
> AR T N F B AR B TR (MSF 2011) o &

:‘\

Finc o BAGK | faeenaacy |y 00 CREIUERTA@FH AL LT AFRLL o6 P
, I A Cp § 0 () R R R B R R
E R R A A ﬁim HEF
R L B R R BRI (TR s RN R B RE A T AL
_ I IR o , , s L
F 2 iaa o | ERREA SRR R F 0 ERRER &2
= ra. °

s

( Atkinson et al & { D] iﬁ‘ ERIARILE [ LT P B op R ”
) k B a‘\n% °

2009) -

T, ;
f L ’J-:t}:‘g U P Jc-éq
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YES S L GCALAE B XY SRR
TREOER el PR P REA TR 5 8 AR (G

4 T) 2R F o AE o Ek SEERT o SRR
BEA R EE Y o FN R R - Avi Fl b HGL R

B oA ko F enfait kALY P P aE
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&7 o
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* (CDC, 1990)
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ARBERZ PRHFW LT FIHFA]

by

Arc Re-entryzT 7+
swmEE

Bl T
EEEE - BRAET (£ Yes NA
s HENETSETes—3 @ Yes ) No
EREnEEuETA ® No
EEEES ) No
Ea=mn ® no ® no
SFRANFIEEE ) Yes \X No
RIS®SM () Yes ) No
Az () Yes () no
HVACRfEs @' No
HVAC - fazstmm s ©) ves ) nNo
HVAC- mi@e= ) Yes ) No
HVAC - 38 ) Yes () No
mEEE () No ) No

:":‘ No X' No
n= |AQEaEs =@
HsER =2 Yes
AT ELR as ) Yes
EFRTVOC a2 v) Yes
=/HPML0 Fas Z) Yes
=HPM2S g2 () Yes
=APMI0 Faa (&) Yes

W3-9Arc Re-Entrydk -3k F 1 2 % p & L4 1AQ ifl £ #df
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#3-6ArcCHMAZF T2 pHREL &
E . B ESL ¢ G - _
3 A e 1 #al g g
CIBSE#; 5 A 2018
_ - B
CO;, 350 n/a 350-750 750-1,000 >1000 ppm £ LEED V4.1 O+M BETAZ; 4
RH 30 30-40 40-60 60-70 >70 % 2 CIBSE4#; % A 2018
TvoC' 0 n/a 0-175 175-200 >200 ug/m’ 2 RESET v2 2018
PM, 0 n/a 0-12 12-15 >15 ug/m? % &
RESET v2 2018
PM, 5 0 n/a 0-12 12-15 >15 ug/m? 7 WELL v2 2020 -
ig,il- ne 1
WELL v2 2020 >
PM 1o 0 n/a 0-30 30-35 >35 pg/m® 3 B R
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3-10-8 Re-occupancy Assessment Tool V3.0
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5=2% PEFATSE

3-11 18 & Hp* & e B 2TESG

EILPE Ak € 3t ¢ 0 Tk 8 (Environmental) ~ A ¢ § = (Social) fr & ¥ ¢ oie
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P ATER D AT o BAeF FRT s R R R op ¥ AL FY R
ESGih 4~ g £F @« RKFHRFT AP 1T # k 2IAR AR S F 4 » ESGA B v %
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ARG FEAREZIF PRI > 2 ERAFEFE XTI RG BFH
B ¥R T WELLeg 3l @« WELLbRb § ¥ frat € 4 - A dAx S Lo £ &
23 (E) ~ A (S) fra @ ipi (G) R#d SE itdpfh » 31T » - dpf
Wi B 0 ESGh s AT 8 E A i Maiw’mbﬁﬁﬁﬁiﬁﬁ%%ﬁﬁoﬁGﬂmE
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U EEERES > AP LR EAREE > BRLERS > 2020237 5 FURA N
w2 ik & 1= A 8 12 (International Well Building Institute, IWBI) = = COVID-193 %] 1 i7 /|
o POBFRFAAPM HL L ~ B B G S ARBpHRFEZ N RES
HSR(Health-Safety Rating) i & -% 3= &0 » (¥ 22 8 i}% CR IR N
B MARSE AR RS M - S B o HSRAITE O LR 1S 0 B E G
CERIGEF TG SRS RWELL V22 AR Ap 4t E 5 £ o A HSR®E |51 3
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ZHABBEREEIP ARG LT THAY
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EREZFARF 3RS AN 0 BERIZPN 255 %5 8d > 64 PMs ~ PMyo »
VOC~ 4% ~ - § "B Tl i BF ol L E7%E - 57 PR r%R#E
KR - B EF B AR S e kY e R S pH S A o 5 EE
P TR 51 A0 MK g feit il
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e B R LK R 0 R R R TRGE L o ST R A S
%?ﬁéﬁﬁﬁ°#3awﬁ%¢13ﬁ%&ﬂﬁ’ﬁpmﬁgw%&mﬁ%@@ﬁ
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3-12v ®Aritim

% SARS-COV-2 @3 ® » 2§ #Efrd b Jeh? 2R % £ 7 LRDNFF
(Correia et al., 2020) - 23 & EEHVACTH M enle i foil ¢ 308 & 7 Bz Rk pm 3+
(COVID-19) énip] o e 3| p % % 1 > $SARS-COV-2:hil 4% ik /= o4& iz sdd 2
R P BRY A7 AT Tﬁ#”@ﬂkﬁmﬁﬁﬁ’%ﬁ@&éﬁ%iﬂé
LR AR VRGN R LR R R REHAN S T RE
SARS-CoV-27} B eniE— #H 7 7 o

£3-77 77 3 R R RFFEKSARS-CoV-23 f B R B K o
zkniéhﬁaﬁmﬁmééﬁgéﬁﬁumwuwﬁ@ﬁ%ﬂ%@gﬁ#k%o
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2R PEFATSS

£23-7TL e R RE LR

H >/ .

ASHRAE REHVA SHASE Chinatp b 5 ¢
45
1z 258 - EVRLAEE ERTNTF 0 |LETRLE LR T A | LET R S EEE T F A
ok 2#@3}2:‘;@%% s ek ¥ —Qr%?é‘b 7%&1«%";{%17;}—&?] g‘?ﬂb y ;jz_i_x 3‘%—‘:}:%17*&},1 a‘?sb , ,%K% lfl,‘.’f‘]
ZF i eiE o BB ¥ i2100% - 100% % ¢t = ;,;»‘ 0 100% % * % & - 100%% % 7 ©
2EHIRE P o 2.THFHEE 2 o 2.3 R F v bR 3 40% -

1.#& * HVACHp B X %”*%&L%&ﬁuﬁﬁﬁﬁﬁ&iﬁz1@£mea%a§ﬁﬁ@’1géﬁ@¢1ﬁ$ijg
w2 W2 PFRTIE o hs Bafs Mg R b2he [40% 7 i ER I 24 P o | Bl AP HERN TR R
g |2EET R FERTRE 24|25 TR 0 F A2 PEIE AR |28 KB R e F k
R IR - 28 = B EEETA) A 3.7 MCO® LM »
GUE T 1340 3 ki b (DCV) | 3.4DCV i ¥ » #CO,% % ik
g # 5 400 ppm -
woap |LAEH «mfiffﬂfimr Fenie | LEZAFERICRAR LB |LEAR BRI 6173228°C2 B > |23 &2 -
g | IR R R IE R ot $R A0 R R AR 540 3 70% 2
REE e v o
LG F Bt 2% B0 2 % 2 | LAEEREF L B - LFEES i b enf & o WY Ry S
BREI | FHE o KBARY R w X 253 B R o
Tk o
HVAC |12 7 it # 8" £ 2§ BB | LERFLRY {H{razk - L4245 100%% 5§ i [ LBY AL BRE -
(e | B8 10 FIMERV-13:9% B BRET UREEF
/i % o }1—‘5"%&;}'&]? s )f%i*iﬁ‘ *ﬁ
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it B HEERE -
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& |UVGI- S A ¥t o 2. bR E % AHVAC
F 2F L NER REPN T F AL 2RV ZFRFBL G ok Y o
m#nﬁUV,%—,”%’FJ{ I:EJ» LE

Tt p? Br ek L [ 1o s BRI B BDBAEF KNS LEHTEFLE 2B BT A ([ LFRE R B s #AHE
g | 2B 9% > Rl tedi4ez b Fond B | QEHBENEF o FOURFE T o
ey r%-zm S h AP ek v R RS ] (27 Rk N R E
XA 2.3 Pl > sHH{ sl b R - WER RS 0 Ak g ki

b8 e TR T

g |LEFTRERF LG APILR | LRE R ES Ltk BH Pt £ L th hokdte
- e I 2.%F d. -k #t5cH-dried - 2. ¥ e hokat o PR TN Rt
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Y-2% PEFATSE

3-11-1 HVAC & suerid i®

I HVAC i $beni@ i > F o FRlf 2 B Ak g 343§ blfeid b 0
TR B PERER FRBESFRRY 20 LT 20 B v LR

FEF o A PREZETRITFRE 2R o % s REHVA 2R CO2k & & > 11400
il b E

ppm + SHASESB2 3% + it COLk & 1 XLk o X7 + 4405 7 w1 g vk
BAh'e R da- RehE @ o {72 PApA g F i it 0 LR - §#
SO e SCECARIE 8 SRl PR IES s R Kiégi?bii?+if?i§i%° RN A O

Foiseng § iR 0 REHVAZ KB L ik § ik 0 L B f 3 Az 4w
PRI SR FRANEFEZNF O BRI HIRKAE > ST FERY -
ASHRAE B2 k#5459 dih e 5 u 3 TMERV-13« H 5 B pEk > &5 4
Mehp FEFfead? @ * HiERBREZEHN AT EE TR -

En

3-11-2% f iy e it

H0 R 2§ RFE 0 HEPA JR 7 113 sk # 4l 4 @4k o REHVA e
SHASE 2 R 3t # 5 ’“?ﬁﬁﬂdﬁﬁwvufﬁf Lz f o ASHRAEF-REHVAZT
A0 15 W AR ST v kR A X LR 1L o ASHRAERE R L f A ¢ P
S AR A > 5 REHVARLR S FRE Y @ 7 5 by R g L 5 &4 -
PREAF AT 0 G P REERSLFRRLLLFONRT o AP A RN

frid b i F REHRET Eifene

FUI3FBARAS L

S5 R A B RB AR RS TR R BRI e SRR R B o 4T
BRI A B F AR EHEE T T RM P R LA R ¢ W
BB T 0 TS Rd% AR b e R

3-11-4k v fe K B i iF
W #ow ek 0 L AT 9 REHVA 4% ¢ chlE g SHASE i - 5% o B -
Rinh ok wh R4 M ER RS 5 BB Azchw b RSB IV UL g

FEHGERETE-HROREE Y REFORFENRL FERECHE
b Bw TR BB S K (bypass)
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EARBREEE DAH LT AT
3-11-5i8 & friB A % X #
$5F P BB iR A % 28 ASHRAE 2 3 3% & Bt p 4 ffjefeid 3 i
+ o 494 REHVA 3% > 23 ¢ B &% 23 808 A fo/B A& 2% 2.8 - SHASEZ 38 &
RTBRATLITI28°C2 B > AP ¥R AR K T EEE 43 40%Ar70% 2 B o K am o ¢ ® i
BRI FERZA IR EREDTERFER PER - T ARL DEEENER DR
Boofub st ERIY o 4G FRIIMBEDN AR HERM AR TG RERT T A
P RER o PARUE R S IR BE T b o RA o Wil /ﬂ“f?ﬁ;’ﬁ .
RigenE b a2 5 o BT - LRELRGVIELY S HEREFEFT &
#7% B 0 dn D6 40 Lisipersonshig i s chid b T A SRR RS B 4o
i % i B b % (Carrer et al., 2015) « % E{rHEPAR S+ § 1307 (o4 k& © % o
BEMHF AL FEGTE LR AN R ERAT P ERBE AR 3

By

RFET RIS F AU U L R R R AR S E L
€ AT B 45 frSARS-CoV-2/5d HVAC k sti@if » 2k 7 i P £ 07k 5 St o

BB RS RF TR ATHRHBRRSRLE, P ALK RpE 24
B 37T°CT F & - X R > 356 CH| 7% & 304 48(Chin et al., 2020) - * A X3 &
HEMRELCABETRRY o T P ZRLEARARTE  IVAEAR G
10 ¥R R 5 40~60%(Mousavi, 2020)p% » SARS-CoV-2¢12 it 4 % €' 1K o Ra > 7%

F 7T o APHIR AR M3t 40%F 023 4o B 4 (Mousavi, 2020) o T4t 0 AR ¥R A X3 40%
PP P i m R AR IR R o
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HEE S G

P @R RELERRIR

3-12 £ Ab BB A7 MR

(-)~ 2 R4 sk 2% ¢ ASHRAE (The American Society of Heating, Refrigerating
and Air-Conditioning Engineers): # 7 5 2_ & 34 2§~

% W4 sk 2H 5 € (The American Society of Heating, Refrigerating and Air-
Conditioning Engineers,ASHRAE) »* 2019 # *R % SARS-CoV-2 ( Severe Acute
Respiratory Syndrome Coronavirus 2) 4 B % » 2 R4 H 2D F ¢ v B & B
g2 F 2 e d 2 (COVID-19 Response)sc il » 57 & 23k o % 2 ~ & 5
AREZAEERFL RN TARZAZRT 2B AR 2V B MER
SARS-CoV-22. 7 § BAMEF R A BARRE -

13-BEML ALINEC L2 AB R TR M RF
%%L%%g,,%fu ey nEIEE HEZEAD EER
LR TR ML A F R
o
CHbeATE F R~ 3
R RIRES
- * iF g s ¥ MERV-13
ANSI/ASHRAE Ventilation for . NP
HVAC x ¥z 3L ,
Standard 62-1,2019 Acceptable Indoor . %# - FEWEERH S X
(update ) Air Quality C H A BN B F RS
. "F AR
- UV/Ozone-i= . 4
CFRAERLF S
CERM T EF AR 3
ACH % #
(o 2 RE R RO N
Ventilation for - ApE AR B(w e E
ANSI/ASHRAE Acceptable Indoor [ERe R~ el SR AR gt y)
Standard 62-2,2019 Air Quality in 2 i b R4 < T H U 4 A B A
Residential Buildings ‘b % & 7.5¢fm (3.5L/s)/ £
B S EZRER R
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ARBEEZ R

(T3

HE 2+

I8y

1 S5l

B 24

pEIEP

s A A2

- ® % i g s ® MERV-13

# 100cfm (50L/s) ~ 50cfm

(25L/s) 12 ¥ g\ i il b
# 5ACH

E S SR

A

ANSI/ASHRAE

Method of Testing
General Ventilation
Air-Cleaning Devices

W h B E R
BT R

C R AR R 2 %

- FZk R Eipim e MERV-

o 5 il
SR UL T RN

13 &t > ¥ 44 1.0-

Standard 52.2,2017 for Removal B 55 el 2 2 3.0 (um)F 85%11 1t 2 f5°
R k2. s . b IRy A
Efficiency by Particle K i ’ ﬁz
RE
Size
- i g e ¥ MERV-13 3%
PM,s& 5 70%7
CFRCPYERL R
o cgpp | TELMAP
ANSI/ASHRAE/ASHE | Ventilation of Health | i b # § ¥ 2 B R
Standard 170,2017 Care Facilities PeRE st 2 R =5
B T# 4?7 . ar_fi N R}i N & J—E.‘_?"
- 3 F =t dR 4~ 2-10 ACH
Method of Testing
Ultraviolet Lamps for ) ) .
HVACZ 4 ki %b |- UV 2eZ plE > 4

ANSI/ASHRAE
Standard 185.2,2020

Use in HVAC&R
Units or Air Ducts to
Inactivate

ISR
i UV % PR bt

- UV-A(400-320nm) ~ UV-

B(320-280nm) + UV-C(280-

. . ol 100nm)
Microorganisms on
Irradiated Surfaces
Legionellosis: Risk . o
FH AR AR |- ZRAIRESR FRIT
ANSI/ASHRAE Management for KRG LE 4 ) B4 mp e
7K X B =
Standard 188,2018 Building Water SR , F]’ff_ 7
ZREER © ok kEE AR A

Systems

3078 MSARS-CoV-22 7 § B 4 & 5 )
£, T@ERBRE, > T
iﬁ’&iW£&2ﬂ§gﬁﬂ$mS&NQ%@ﬁ%’?

z

g |_.’7]~/_;F

EREDN
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F2E PFEFATAE

L AFPR R w2as-ff v $ 2B A P& 5 (PPE) » AL B ~ p
AfeiRl ~ BIERFIRESES RO EN Al FL RS -

2. Wb G Bk T A FEEL-REL S ERER PR B F
£ cHVAC # * MERV-13 %% F iEigipt o @ % b= F 2 - gkl
BRI AL

3. ZAAF-EAERFAINER R ZRASRETR 258 2§
& NErg A B &_iﬁﬂ{{o

4. HVAC S iv-FREBARZ I 27§ CEmEINE T &~
B2 A BEHEF > 3ACH » X igiE s § ~ HHAERF Rl v b

51

v

<

KR BRSFE D N RB L EITREZZF ST

5. i HVAC R #raim R %3 3 £— & -

£3- 95 RAA X IBE EHREC2- 1225 F LR E(CIEF)

y CRAF B R LR R R
o Cfm/person L/S/person Cfm/ft? L/S « m? #/100m’
[ER N 5 2.5 0.06 0.3 -

e 7 20 10 0.18 0.9 7
PEANS - - 0.48 2.4 -
FEBRE 7.5 3.8 0.12 0.6 15
1L 20 10 0.12 0.6 25
~ A 5 7.5 3.8 0.18 0.9 10
AZH 7.5 3.8 0.06 0.3 8

ANES: BN ] 5 2.5 0.06 0.3 150

ER= 5 2.5 0.12 0.6 10

24 5 2.5 0.06 0.3 150

# 5 4 7.5 3.8 0.06 0.3 40
~ZR 5 2.5 0.06 0.3 5

PES T AR 5 2.5 0.06 0.3 10
5S4 5 2.5 0.12 0.6 50
ARt £ 7.5 3.8 0.18 0.9 70
BBy 75 3.8 0.12 0.6 20

whe e - A 75 3.8 0.18 0.9 100
AL < B 7.5 3.8 0.06 0.3 30
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EARB REI DA G LT FHEY

E LR FE B FE CRBA

LA S 5 2.5 0.06 0.3 10
TERE 10 5 0.12 0.6 35
% aFlp 10 5 0.18 0.9 25
IR o 4 10 5 0.12 0.6 25
TR 10 5 0.12 0.6 25

7 LR 10 5 0.18 0.9 20

- AT 7.5 3.8 0.12 0.6 20

(F L kim © ASHRAE,2020)

23- 104 MA 4 IR EEHRFO2 2L KLz ERIR T

e 7 (L/S)
(m?) 1% 2% 3% 4% 5%
<47 14 18 21 25 28

47-93 21 24 28 31 35
94-139 28 31 35 38 42
140-186 35 38 42 45 49
187-232 42 45 49 52 56
233-179 49 52 56 59 63
280-325 56 59 63 66 70
326-372 63 66 70 73 77
373-418 70 73 77 80 84
419-465 77 80 84 87 91

(F#L &k  ASHRAE,2020)
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[ TR
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MERV Filters Factor PM(0.3-1.0um) % PM(1.0-3.0um) % PM,5 (%)
11 4.3 0 65 35
12 3.0 0 80 50
13 2.1 25 85 70
14 1.8 75 90 85
15 1.7 85 90 90
16 1.6 95 95 95
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EBHEEEEER -
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Lﬁ/%ﬁﬂ%ﬂﬂmﬂui%m%%ﬁii%%ﬁWE’\J%//A\/\i%ﬁﬁ 182% | 545% | 27.3% | 46.2% | 23.1% | 30.8% | 84.6% | 154% | 0.0%
e
HE WHO RRERERS &/ BEERRETENA
10 L/s/person (EN 16798-1) stim g 00% |16.7% | 83.3% | 333% | 16.7% | 50.0% | 0.0% | 0.0% | 100.0%
- e/
W%%%%%H@%@%%vﬁﬁﬁﬁﬁﬁ%ﬁﬂ
/N
MERV 14 / ISO ePM1 70-80% #&;E2sHI%E sispr 41.7% | 50.0% | 8.3% 53.8% [ 385% | 7.7% | 23.1% | 30.8% | 46.2%
TEFEEFH - 7
EHARE -« HEE - B EMIRE HVAC 24 ? [EERA
(4 SE A A E) sim 6 25.0% | 16.7% | 583% | 16.7% | 41.7% | 41.7% | 154% | 53.8% | 30.8%
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HE WHO RfEZKEREE: & 12 ACH
= rae BE 0.0% | 333% | 66.7% | 0.0% | 16.7% | 83.3% | 0.0% | 0.0% | 100.0%
(EERB)I 6 ACH (HERIERE)
MERBERXBAEMBERE  E£8 .
. BE | 182% | 455% | 364% | 0.0% | 23.1% | 76.9% | 231% | 7.7% | 69.2%
HEPA BBz NIETH A EANZE 5 -
ZEH| REERA S E(ERFRERARF
B 00% | 83% | 91.7% | 0.0% | 154% | 84.6% | 0.0% | 7.7% | 92.3%
&) ERORENMASEEERER -
TSRS -« #:8 « BEANIRIFE HVACIREZE|
L o B 0.0% | 25.0% | 75.0% | 0.0% | 0.0% | 100.0% | 0.0% | 154% | 84.6%
i) 24 - B335 HEPA #8828 ?
MIRIEZ S HEPA B4~ HVAC RERCIUZER
B | 385% |462% | 154% | 583% | 25.0% | 16.7% | 61.5% | 30.8% | 7.7%
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e & . ‘ LS UN
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%ﬁ%$¥ﬁﬁ%vUME§T%Fm%gg&A
SR RN
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HEEA/NBERNZERE I DB Tgﬁ&“
SR A
foZ 8t — S bz EaINm R }—LE’HE stim e 0.0% |333% | 66.7% | 46.2% | 23.1% | 30.8% 77% | 385% | 53.8%
7_[_2% ~Z
BENA
EHBDHIZ A COLRE (ppm) . 27.3% | 54.5% | 18.2% | 69.2% | 30.8% 0.0% 38.5% | 61.5% 0.0%
>~
BENA
R MR B A AR (%) iﬂﬁ 0.0% |167% | 83.3% | 0.0% | 0.0% |100.0% | 0.0% |38.5% | 61.5%
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SEHREE EEE FAHE
TS B | 1~35 | 475 | 8~108 | 1~3% | 4~75 | 8~10% | 1~3% | 4~7% | 8~10%
. . BEKN
TEHIESHIZE A PM2_57%§(pg/m3) . 250% | 333% | 41.7% | 30.8% | 23.1% | 46.2% | 0.0% | 33.3% | 66.7%
X2
BN REBEESRHER~NLEERH |
9 L | BERR
B I NEREBEESD - #FAREE stim e 333% | 583% | 83% |692% |30.8% | 00% |23.1% |769% | 0.0%
N2
B ORI REEE -
RETEEME  JFEBIARN (BREARE BERA
- - - 0.0% | 25.0% | 75.0% | 0.0% | 0.0% | 100.0% | 0.0% | 30.8% | 69.2%
EREK RE L pE e E A ) - IS5
FIFEBRESR AL EZ[ P /KA K BERA
- . 83% | 25.0% | 66.7% | 0.0% | 46.2% | 53.8% | 25.0% | 25.0% | 50.0%
2] 3 aNe ]|
A 485215 ( RFIDs/keyfob ECFEH] )|
« BEKN
B RL - RIEEPIE/ REERE . 333% | 583% | 83% |[53.8%|462% | 0.0% | 30.8% |53.8% | 154%
N2
P -
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£3- 18 E R ¥ 8 % §35 (%)
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IEISIAES 5 1~37 | 4~77 | 8~107 | 1~37 | 4~77 | 8~10% | 1~37 | 4~77 | 8~10%

ZREATAMUBRENEIEZREF
% BREEF ERASUTEBRES
( B0 MERV 14 / ISO ePM1 70-80% &%
EEHEEER )

(S 0.0% | 63.6% | 364% | 0.0% | 0.0% | 100.0% | 0.0% | 15.4% | 84.6%

RHESNNEALEERREEES |
HRRFBEAME RS —MEF MR %’EEM 0.0% [ 66.7% | 33.3% |16.7% | 50.0% | 33.3% | 83% | 33.3% | 58.3%
BRHZER - N

EfRpER R ERET I EEHRERIE TEKE
7 ZEH B &

385% | 53.8% | 7.7% | 66.7% | 25.0% | 83% |417% |16.7% | 41.7%
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IEQ Applications: Guidance for Building Operations During the COVID-19 Pandemic
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Operations During the
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COVID-19 Pandemic
2

BY LAWRENIS: . SCHOEN, PE. FELLOW/LIFE NENBER A4 1IAE i
The HVAC systems in most non-medical buildings play only a small role in infectious E
disease transmission, including COVID-19.! Knowledge is emerging about COVID-19, “—
the virus that causes it (3ARS-CoV-2), and how the disease spreads. Reasonable, but 8

not certain, inferences about spread can be drawn from the SARS outbreak in 2003
(a virus genetically similar to SARS-CoV-2) and, to a lesser extent, from transmission
of other viruses. Preliminary research has been recently released, due to the urgent

Tk enyETAOD

RIUD SN 5,5 LEOTT J0) 90-50-TEE UD RS TeH-BUY 0 peso]

need for information, but it is likely to take years to reach scientific consensus.

Even inthe face of incomplete knowledge, it is critically
important for all of us, especially those of us in positions
of authority and influence. to exercise our collective
responsibility to commminicate and reinforce how per-
sonal choices about social distancing and hygiene affect
the spread of this disease and its impact not just on our-
selves, but on our societal systems and econormy. The con-
sequences of overwhelming the capacity of our health-
care systems are enorrnous and potentially tragic. The
sooner we “flatten the curve,"2 the sooner we can return
to safer and normal economic and personal lives,

According to the WHO (World Health Organization),
“The COVID-10 virus spreads primarily through droplets
of saliva or discharge from the nose when an infected
person coughs or sneezes....” Talking and breathing can
alsorelease droplets and particles.? Droplets generally fall
to the ground or other surfaces in about Lm (3 ft), while
particles (aka aerosols), behave more like a gas and can
travel through the air for longer distances, where they

T2 ASHRAE JOWRMAL mshrae.org NAY 1020

can transmit to people and also settle on surfaces. The
wirus can be picked up by hands that touch contaminated
surfaces (called fomite transmission) or be re -entrained
intothe air when disturbed on surfaces.

SARS infected people over long distances in 2003 4
SARS-CoV-2 has been detected as an aerosol in hospi-
tals,® and there is evidence that at least some strains of
it remnain suspended and infectious for 3 hours,® sug-
gesting the possibility of aerosol transmission. However,
other mechanisms of virus dissemination are likely to
be more significant, namely,

* direct person to person contact

* indirect contact through inanimate objects like
doorknobs

* through the hands to rmicous membranes such as
those in the nose, mouth and eyes

Lawirenca J. Schoan, PE., is president end principal engineer e Schoen Enginesring,
Inc,, inColimbia, M. He was chair of the commitiee that wrate the most recant wr-
sion of the “ASHRAE Position Document on Aitome Infectious Nisemes!
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Seminar 81 -- The Impact of COVID-19 on Building Energy Consumption, IAQ and

Occupant Behavior

Linking Social-Psychological Factors with the Analysis of Energy Pattern and Home Energy

Management System during COVID-19

ashmaey ASHRAE
\_/ WINTER EIJHFEFIEHL‘-E

B Febnary
SMNR 81: The Impact cuf coviD-
19 on Building Energy
Consumption, IAQ and Occupant

el Behavior

e Linking Social-Psychological

——— Factors with the Analysis of
e Energy Pattern and Home

Energy Management System™
during COVID-15  (EoumenT

1

* Understand the linkage between sociz-psychological facters with IAQ and Energy
in residentizl buildings during COVID-19

= Understand the impact of shelter-in-place on energy wse of office buildings

* Understand the impact of COVID-19 on 140, in residential homes

* Provide an oveniew of how work from home affects well-being during COVID-15

* Understand energy justice issues, low-income households' energy bundens and
energy pattern across different income groups during COVID-19

* Understand demographics, social-psychological and perceived techrological
aitribute factors influsncing home =nergy management system [HEMS)
adoption intertion and willingness to pay

* Understand how to use the sacio-technical integration perspective to promote
energy transitions sway from fossil-fuel-based systems for diverse populstions

_

This work was supported in part by National Science Foundation (N5F) Award
Murnber CNS 1541117 and the Engineering Research Center Program of the
of Energy under N5F Award Number EEC-1041577
and the CURENT Industry Partrership Progrsm.

The suthors would like to thank Dr. Xisaojing Xu, Hasnnah Nelson, snd Gregory
Baonillz’s help on data collection and analysis from CURENT, University of
Tennessee.
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+Objectives of this project and survey design

*Energy patten, perceived energy usage and climate
change issues, and perceived risk of getting COVID-19

*Energy burdens across income levels

*Residents’ willingness to adopt and pay for a home
energy management system (HEMS)

* Demographics, social-psychological factors influencing
HEMS adoption and willingness to pay

4
Coronavirus comes home? Energy use, home energy management,|
and the social-psychological factors of COVID-19

Crbjertives
e e e m@ﬂ
n sociak
ind wil [WTP] mHEan.n '1[)-13
bl it ] Jngte
i &azrunenr_xwmwum

atended of
[TPE], aind the tachnoigsy mnneI\'T.-.M o :mpmemmni\!

nppmtumruslguammdmﬂ&

* Reszarch on kow-income and other de: mhic differencesin burders and HEVG
adootion and WTF: ik e

* Arahyze the factors HEMS: il s bo and wtifties price by using the
msrasleamumumw: IBJ'P |A;g For B

’ mmﬁmmeﬂy pmm|m|mmiﬂulnr1mfumcfh’

Perceived risk of getting COVID-19 by income differences

5

* Low-come householcs |LIHs)
had lower perceived risks than
meciur- ar high-income
participants did.

= Minst L (32 4% perceived
Je53 than 1% chance of i
becoming IHEEDEUDTCO\"ID il
13, DDﬂ'IMdtDOﬂFf 17.8% of
megium- and ﬁa%urrl_?
incame particizanis, Simiary
31.6% of LIH5 perceived the
CONIC-12 risk indection of
21%# companes to 45% of
macium- 5nd £5.4% of high-
income participants.

Plaass tall myae spinicn on S cha ros of pou becoming
Imacied with the COVIE-15 in the saxi Two marihs (ipel
aed My 25254,
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Seminar 81 -- The Impact of COVID-19 on Building Energy Consumption, IAQ and
Occupant Behavior
What Can We Learn fromImpact of Shelter-in-Place onEnergy Use of Office Buildings?

\ ASHRAE VIRTUAL

WINTER CONFERENCE
W WP February ©-11, 2021
* Theoretical relation betwesn energy use and cccupancy level
Seminar 81 - The Impact of COVID-19 * Energy use data from real building cperations
on Building Energy Consumption, IAC, * Findings and discussion
and Occupant Behavior + Conclusion
-
. ‘What Can We Learn from

Impact of Shelter-in-Place on
b g Energy Use of Office Buildings?

BERKELEY LAB

4

1
Learning Objectives Theoretical curve: occupancy vs power

1. Understand the linkage between social-psychological factors
with 140 and Energy in residential buildings during COVID-19
2. Understand the impact of COVID-19% on 140 in residential homes L00k
3. Provide an overview of how work from home affects well-being fe-o03
during COVID-19
4_Understand the impact of shelter-in-place on energy use of
office buildings Power
level
ar e Fronitar vl T sreicn ot iy Cnmbiiog Edbecrit whnbmam
s ek e e gl porvd o 4100
Py drred w B [, T )

J o coa e b b 4.1 T e

el T e e ek Ko bl Vacant Occupancy level = Lot
- : v v o eccupisd
| |
2 3
Acknowledgements Influence on Energy Use in Office Buildings
(Hatch Data, #00Msf of commercial real estate)
Commercicl Building Electricity Reduction
A Carwpara b Week of March It
Seome siide materials ware prapared by Alan Meier, Zhe Wang, I We—— ———— R
Raphael Witti, and John Ellios of LBNL e e
US Tonwd L LY 1 2% 6%
Hortheasi ™ 15 1% s s
Midwrsi £ % e e ELS
Soun % 10 163 s 4%
West " L us EHi En s
. B o i e
| |
3 i1
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Seminar 81 -- The Impact of COVID-19 on Building Energy Consumption, IAQ and

Occupant Behavior

IAQ at home during theCOVID-19 lockdown

\ ASHRAE VIRTUAL
ASHRAE WINTER CONFERENCE
BB February &-11, 2021

Seminar 81: Impact of COVID-19 on
Building Energy Consumption, IAQ
and Occupant Behavior

1AQ at home during the
COVID-19 lockd owin
_— &9 RUTGERS

1

1. Understand the linkage between social-psychological
factors with |A0 and Energy in residential buildings
during COVID-1%

2. Understand the impact of shelter-in-place on energy
use of office buildings

3. Understand the impact of COVID-19 on |AQ in
residential homes

4. Provide an overview of how work from home affects
well-being during COVID-1%

i
1 —
2

Jie Gong, Dep't. of Civil & Environmental Engineering, Rutgers

University—HNew Brunswick

Ruikang He, Dep’t of Environmental Science, Rutgers University—
New Brunswick

Gediminas Maineliz, Dep't of Environmental Science, Rutgers
University—New Brunswick

Jennifer Senick. Rutgers Center for Green Building, Rutgers
University—New Brunswick

NSF Award AGS-1645756

I ——
3
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Changes in outdoor air quality dus to COVID-19
pandemic

* Changes in locations where people spend time

Changes in residential indoor air quality

Met changes in exposures?

I —
4

* Changes in outdoor air quality due to COVID-19
pandemic

UI|

Less Air Pollution During China's COVID-19 Lockdown [except 0,)

- 8

MBI ETR T ETHTL

[ mm——r————
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Seminar 81 -- The Impact of COVID-19 on Building Energy Consumption, IAQ and

Occupant Behavior

How Work from Home Affects Well-Being during Covid-19: Results froman International

Survey

: ﬁSHRAE Background
ASHRAE
WINTER CONFERENCE
* The GOVID-13 pandemic cxused by SAR3-Colv-
* W E el ¥ 8 2021 2 has afiected over 200 CountriesTegions In the
‘worid, leading fo a dramatic loss of human Ife.
Seminar 81: The Impact of COVID-19 on + A turvey conducied In Milan, Ity [1] Suggesied
14z . srong  depand betemen  th
Building Energy Consumption, IAQ and e e . et o
Occupant Beha\.-'ior spaces, poor views from windows, and bad ar
qualiesy and  appramncefsorenng o
Copross on 5ympLo ms.
How Work from Home Affects Well- - Dr. Wichoias Som, 8 Froessor of Staeford e o hiem s e e
Being during Covid-19: Results from University, revealed b an inferview ] fabmany  fe e s
peopie he surveyed durng the COVID-13 [y mpese e, e

an International Survey

panosmic Fad worsd b ther begrooes or —5

srared common rmoms, sufferng e poise

isswe and low productiiy during working dus

10 their parners, tamiy or mommates.

Wi2 oesigned and conducted a8 comprehensive sonvay 1D addrese the scarce
Knowledge of the occupants welkbeing during home working amid the giobal
guarantine due o the COWID13 pandemic.

Survey Design

1. Understand the linkage between social-psychological
factors with IAQ and Energy in residential buildings during
COVID-19

2. Understand the impact of shelter-in-place on energy use of
office buildings

3. Understand the impact of COVID-19% on |AQLin residential
homes

S s s e 0 S
AR sy i 3

4. Provide an overview of how work from home affects well-
being during COVID-19

* 3urvey - How Work from Home Affects Ccoupants Wel-bDeing During e COVID-19
¥ i Fandemic
e o - e * #1 guestions summarizsd Ino five categories (Tabie 1.

i i ——— = The categores of Resident, Residence, and Fafings for IEQ are considered 23 e
: e 11 e B b : independent varablec ang the categores of heafh and WFH exparience am
i . - had i . considered as the depandant variahist for fme cormeiation analysis.

Survey Distribution

* The questonnairs was open from April 27 1o

* The study reported in this presentation is 3 cellaboration wark dufy 99, 2020, and It was disiibuted via
between Texas ARM University, University of Southern Californiz, warious online networis, & 9., Linkedin, B e * Bate
Drexel University, and Arizona State University. ;{T‘E:HM!I!I"\IIIIIH:. unkeersiy mall senvices,
» The study reported in this presentstion is supported by the U5, - Atoial of 1480 responses were received fom
National Science Foundation under award number 2009754 [Dr. 25 couniries on six confinents. All the nefrieved
Zheng O'Meill, Texaz AEM Uniwersity). 1931226 (Dr Burgin ;w““”mmm prowsctihe
Becerik-Gerber, University of Southern California), 1931238 [Dr. R
i i i 3 * The respondents who had no
Jin Wen and Dr. Simi Hoque Drexel University], and 1931254 (Dr. n nds o
Terera Wu and Dr. Giulia Pedrielli, Arizona State University). wens sxciuded Using a filter queston. Besides, e

e respondents should at loast snswer ang

Ph.D. Student: Zhihong Pang, Tao Yang, snd Xing Lu guestion bayond the first fan questions &
quality for a past-anatysis. These tao nies
fogemer narowed down the size of anaiytical
sampie 1o 1137 respondents, which accoumed
for T7.5% of the: fokal refrieved responses.

Postdoctoral Reseanch Associzte: Dr. Yangyang Fu
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Seminar 15 -- Building Operation and COVID-19: What is the Standard of Care and Who's Responsible (LIVE)

s, ASHRAE
WINTER CONFERENCE
PP P February 8-11, 2021
Seminar 15:
Building Operation and COVID-19:
What is the Standard of Care
and Who's Responsible?

Februsry 10, 2021 - 1:30 to 2:50 pm

Risk Management

and Reasonably Foreseeable
n

E. Mitchell Swann PE., FCIBSE, LEEDAR, Fer——
Managing Director Mausneuenr
Resolution Management Consultants helelirlel

Learning Objectives

M

L

ol

. Understanding the Standard of Care and its implications

Understanding the roles and responsibilities of key
stakeholders in project delivery and operation and the
Standard of Care.

Understand how the "Standard of Care” may differ from the
"Dty of Cara” for each stakeholder.

Understand the different legal implications between a
tenant-occupied building and an owner-occupied building,

Risk Management and Reasonably Foreseeable

Risk Management

Le Force Majeure

An Amorphous Risk
O Fuzzy Edges
o between Design, Construction & Operations
3 ‘Reasonably Foreseeable”
< By whom?
O Standard of Care jhe practice)
< Duty to Warn
O Duty of Care py edict, aka mw)
< Duty to Act

viu|c A

Standard of Care

3 common lew SENderc of care for design professional [DF| services is peneraly defined as
—_the ordinary and reasonable care usually
exercised by one in that profession, on the same
type of project under similar circumstances (i.e.
‘same time’ — contemporaneously, and same
‘locality’) and conditions.

O Perfect performance is not required nor expected!

O Duty of Care — defined by Law
O standard of Care — defined by Practice

215

/ fors mé&'ZHar/ (noun)
3 1. (in LAW): unforeseeable circumstances that prevent

a

oooo

someone from fulfilling a contract.

2. irresistible compulsion or greater force.

Unexpected
Unpredictable
Unprecedented
Natural Occurrence
Earthquakes Hurricanes

Tornadoes

Floods Wildfires

Pandemics??
Reasonably foreseeabic?

We know they are coming, we just don’t know when. orwhers.

= It has. Multiple times.

= Reasonably foreseeable

= Standard of Care

B A failure of imagination.

and prudent care
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Seminar 15 -- Building Operation and COVID-19: What is the Standard of Care and
Who's Responsible (LIVE)
The Operator’s Perspective

ﬁSHH.ﬂE. ASHRAE VIRTUAL {Very) Brief Overview of ASHRAE Task Force
WINTER CONFERENCE
bW Fabruary 8-11, 2021 O MNon-HVAC strategies:
- " o Building Occupancy Levels allowed
Building Operation and COVID-19: - Face mask requirement or recommendation
What is the Standard of Care o social distancing between dasks, braakrooms, confarance
and Who's Responsible? rooms, elevator, etc.

o Directional flow for office space

Semi 15
::n;..m o Personal hygiene
e <y = Cleaning requirements
The Operator’s Perspective O HWVAC strategies:
o Increased Ventilation
e de o Pre & Post Gocupancy PUrge
R % ing'slead CES: = Improved Filtration

o Air cleaning devices [such as UNG] and other newer
technologies)

Learning Objectives
(Very) Brief Overview of ASHRAE Task Force

O Non-HVAC strategies: (Occupant Focused)
o Building Dccupancy Levels Allowed

1. Understand the roies and responsibilities the three staiehoiders (Cwner, = Face mask I'H‘I.Iilel'l"lEﬂfIX recommendation

bullding manager and tenant] have to reduce the risk of CONTD

infections. In 2 tuliding. o Social distancing between desks, breakrooms, conference
2. Describe some of the HUAC and cther buliding adaptations possibly rooms, elevator, ete.

required by each stakeholder to reduce the risk of COVID Infections - N
3. Uncierstand how the “Standard of Care” may differ from the ~Duty of o Directional flow for office space

Care” for each stakehoider o Personal hygiene
4. Understand the diferent legal Implications between a benant-ooouspied - -
Bullding. o Cleaning requirements

buiiiding and an owner-occupied bulld
O HWAC strategies: |Building Focused)
o Increased Ventilation
o Pre & Post Docupancy PUrge
o Improwved Filtration
= Air cleaning devices [such as UVGI and other newer
oo - e . technologies)

Operator’s Outline Potential Increased Ventilation Concerns

3O ASHRAE Recommendations For Minimizing Risk O Limited size of existing air intake louvers/ducts

3 Do we implement.._or better off if we don't? O System Capacity

O Operator vs. Tenant Potential Conflicts o Lowered mixed air temps may require preheat to avoid
low limit trips

o Does the cooling coil have sufficient capacty?

O Worsens dehumidification issues with cycling of
compressors at part load

-
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Seminar 15 -- Building Operation and COVID-19: What is the Standard of Care and Who's Responsible (LIVE)
The Owner’s Perspective

\ ASHRAE VIRTUAL
“@ WINTER CONFERENCE

PP P February &
Building Operation and COVID-19:
What is the Standard of Care
and Who's Responsible?

Seminar 15
February 10, 2021 - 130 to 2:50 pm

The Owner’s Perspective

Hoiry Dinoie
hainy.cibibie Sosnwake.com lI|||L E\&SKHE'}?ENL&D
‘BE0-54%-6626

Learning Objectives

1. the roles and r ilities the three
building manager and tenant) have to reduce the risk of COVID
infections in a building.

. Describe same of the HVAC and other building adaptations possibly
required by each stakeholder Lo reguce the risk of COVID infections

. Understand how the “Standard of Care” may differ from the "Duty of
Care” for each stakeholder

4. Understand the different legal implications between a tenant-occupied

building and an owner-accupied building.

o

w

(Owner,

Owner’s Outline

0 Establishing building guidelines
O Communication
O Owner responsibility vs Tenant responsibility

O Long term impact on real estate

Building Guidelines

o Federal, state and local authority requirements
o Face mask requirements

o Janitorial specification for commen areas

o Lobby and building entrance guidelines

o Health screening for building employess, tenants and
contractors

o Social distancing signage in common areas
o Amenities - building restaurants, cafeterias, fitness and
conference centers

o Air Quality and HVAC specification and
recommendations

217

Janitorial

O Hand sanitizing stations througheut the building
O Maintsining inventory and supplies [PPE and COC recommended products)
O Enhanced 3 “tier” deaning

Tier 1: daily; common arsasand high-touch surfaces

Tier 2: after hours dieaning of affected areas for suspected case

Tier 5: disinfection and deep cleaning for confirmed case
O Tenantis responsible for increased deaning and asseciated costs within their

Social Distancing

3a Develop new floor plans for
the lobby and common areas
to promote social distancing

O Entrances and foot traffic are
ane-direction where possible

Q Certain areas are blocked off
or restricted to minimize
exposure

3 Installation of plexiglass
barrier at security desk

3 Health screening
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Filling the Knowledge Gaps: HVAC and COVID-19

nr
TE 1l H Al

E L Sapiembsr 2020. Copyright 2
Cer farm il permizsion of ASHRAE For mare ini

actors could be sk

OVID-19. Increased \ieneilagipn, ac
mechanical hygiene are being includ

n measures intende
ASHRAE has issued general guidance for HVAC operation during the COVID-19

b copiad andior distribued

n and improved
educe its spread.

pandemic based on the very limited information available at this time ! but there is
considerable uncertainty over where these measures are effective. This paper summa-
rizes what is known about the virus responsible for COVID-19 (SARS-CoV-2) and simi-
lar viruses regarding the role of HVAC in both the spread and control of infection. It
also identifies critical information gaps and recommends research priorities.

Scientific publications were reviewed (including 2020
preprints of COVID-19 research) and papers previously
published on related viruses such as SARS (2003 pan-
demic). The authors considered this information based
on their experience as mechanical engineers special-
izing in HVAC design and operation and as industrial
hygienists specializing in indoor air quality. It should
be noted that this subject is rapidly evolving as efforts to
control the pandemic continue.

Significance of Airborne Transmission
Transmission of respiratory infections through the
air is classified as direct contact (within a few meters)
or airborne (i.e., beyond a few meters). SARS-CoV-2 is
infectious until it degrades (inactivated), but it has not
been established how long the virus remains infectious
in air. Because viruses generally have a minimum dose
at which they cause infection and show a dose-response

relationship, health risk is related to concentration
in air and duration of exposure. These factors are not
ko for SARS-CoV-2.

CDC and WHO guidelines for COVID-19 response
assume that the important routes of COVID-19 trans-
mission are direct contact with the patient, short-range
droplet exposure and transfer from surfaces where
aerosols have settled (fomites).? Based on this assump-
tion, recommended response measures by public health
agencies are generally limited to social distancing,
face coverings, handwashing and surface sanitizing.
However, increasing evidence suggests that smaller
aerosols remain suspended in the air, where they
expose occupants (airborne transmission).

A group of Australian and Chinese researchers con-
chaded that there is now sufficient evidence of airborne
transmission of COVID-19 to justify improving ventila-
tion and filtration where this would reduce SARS-CoV-2

This peer-reviemed article does notrepresent of frial ASHRAE guidance. Formore informatio non ASHRAE resowrces on COVID-19, visit ashrae ong/COVIDIA

0 ASHRAE JONRMAL ashrae.org ZEFTEWBER 2020

Phate: spatwsphot- stk o com
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COVID-19: Minimizing Transmission in High Occupant Density Settings, Part 1

ANILA RIUHN

This aricle was published in ASHRAE Journal, May 2021. Copyright 2021 ASHRAE. Postsd ai wew ashrae.ong. This article mey nol ba copied andfor disiribuled
alsctranically or in paper farm without permission of ASHRAE For more information abou ASHRAE Joumal, visit waes: ashras.org.

Minimizing Transmission
In High Occupant
Density Settings, Part 1

BY DAVID ROTHAMER, PHI.; SCOTT SANDERS, PH.0.; DOUGLAS REIROL, PH.O, PE, FELLOW ASHRAE; TIMOTHY BERTRAM, PH.D.

As the global community learns more about SARS-CoV-2, it seems increasingly prob-
able that a significant mode of transmission is via airborne route. In this first article
in a two-part series, we review the current base of knowledge regarding transmission
of COVID-19. After briefly introducing a modified form of the Wells-Riley model for
predicting the conditional probability of infection within indoor environments, we
move on to field experiments conducted in an actual classroom to validate the well-
mixed assumption for the Wells-Riley model. Finally, we measure effective filtration
efficiency for a range of mask types.

The second part of the article (in the June issue of
ASHRAE Journal) applies the Wells-Riley model to these
experimental results to predict the conditional prob-
ability of infection for various protective measures.

Since the report of the first positive case of COVID-19
in November 2019 in Wuhan, China,! much has been
learned about the virus and its effect on humans, yet
many questions remain unanswered, including infec-
tion control best practices to interrupt or prevent its
transmission to mitigate its effects on both people and
the global econonny. To date, the U.S. Food and Drug
Administration has authorized three COVID-19 vaccines

for emergency use,” and by the end of March 2020,
more than 54 million people in the U.8. have been fully
vaccinated. With recent trends in vaccination admin-
istration of 2 million doses per day, it will be months
before the majority of the U.5. population could be fully
vaccinated. Beyond COVID-19, it is highly probable that
other, similarly airborne infectious diseases will lead to
future pandemics; what we learn from COVID-19 may
help us decrease their impact.

Foundational to infection control and prevention
is a clear understanding of the mode of transmission
of the pathogen. Early inthe COVID-19 pandemic,

Davld Rotharmer, Ph.D., Iz the Robart Lorenz Professor of machanical englneering, 3cott Sandars, Ph.0., 15 a professor of machanical engineering, Douglss Reind, Ph0., PE. 154
prufessor of machanical anginesring, and Timathy Bertram, PhD., b profassor of chemistry at the Unvarstty of Wiscorzin, Madkson, Wis.

This peer-reviemed article does not represent official ASHRAE guidance. For more informat o non ASHRAE resources on COVID-19, visit ashrae org/COVIDIS.

i} ASHRAE JOWRMAL ashrae.org MAY 2001
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ASHRAE Chinese(Measurement, Testing, Adjusting, and Balancing of Building HVAC
Systems)

ANSI/ASHRAE Standard 111-2008
{Supersedes ANSI/ASHRAE Standard 111-1988)

ASHRAE STANDARD

Measurement, Testing,
Adjusting, and Balancing
of Building HVAC
Systems

BRUZERRE 2R,
a8 B, B 1

Approved by the ASHRAE Standards Committee on January 18, 2008; by the ASHRAE Board of
Directors on January 23, 2008; and by the American Mational Standards Institute on Jamuary 24,
008,

ASHRAEMME B & January 19 20098 E , ASHRAEEWE R January 23, 20058 E  SEEFE
BGRANS 1 January 24, 20058 E

ASHRAE Standards are scheduled to be updated on a five-year cycle; the date following the
standard numiber s the year of ASHRAE Beard of Directors approval. The latest copies may be
purchased from ASHRAE Customer Service. 1781 Tullie Circle, ME. Aflanta, GA 30328-2305.
E-mal: ordersi@ashrac.org. Fac 404-321-5478. Telephone: 404-635-8400 (woridwide) or toll free
1-800-527-47Z3 (for orders in WS and Canada).

ASHRAE SR FEER—AMANATER, SETENER @O0, A5 ASHRAE EBW
SR, MWL TER ASHRAE HE SRS, B4t 1791 Tule Circle, NE_ Atlanta, GA
30320-2305, WM - orders@ashrac.org , W - 404-321-5475 | WEE : 404-625-2400 (4 1) ,
£ WE © 1-800-527-4723 (M MEE)

f("'“—“im,

& Copyright 2008 ASHRAE
ISSN 1041-2336

American Society of Heating, Refrigerating

and Air-Conditioning Engineers, Inc.
1721 Tullie Circle NE, Atlanta, GA 30329
www.ashrae.org
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COVID-19 and Buildings: Reoccupation After Lockdown

ASHRAE

Learning Institute

COVI D-19 and BUIIdI ngS: i Francis Anthony Mills, ASHRAE DL

Chartered Engineer, FCIBSE, FIMechE, MASHRAE
Frank Mills Consulting

Reoccupation After

o famills@hotmail.co.uk
LOC kd Own Tel (44)7850 024523

221

FMC



EARB R X FEE2V

e g

Seminar 9 -- Mass Transit Ventilation and Infectious Diseases: Transmission and

Countermeasures (LIVE)

Laboratory modeling of COVID-19 exposure and transmission risk reduction through social

distanced seating in aircraft cabins

ssirat ASHRAE
—/ WINTER I]I]HFEFIEH[!E

* B P Fabruary 0

Seminar 9: Mass Transit Ventilation
and Infectious Diseases — Transmission
and Countermeasures

wenmimes  Laboratory modeling of COVID-19 exposure
and transmission risk reduction through

L e fi . i . " A .
social distanced seating in aircraft cabins

Learning Objectives

1. Introduction to modeling disease transmission in aircraft
cabins

2. Methods
A Release and measurement of live surrogate virus

B. Exposure estimation as 3 function of distance from
SOUrce

3. Relative exposure results from seating scenarios
4. Discussion of implications and limitations
5. Conclusion that vacant middle seats offer some benefit

Intreduction. Modeling Disease Transmission on Aircraft

n an automobile,

. Undersiand the mechanism of airbome infectious disease
transmission

3 Owerdiew of numerical and experimental shudies on spresd of
the viruses within the control volume along with rew
hargwnre design to eliminate these virses

4 Review of ASHRAE TC 5.3 puidelines for asdressing COVID-13
i mass transit

Tiue fincings coe conchusfons i Shis presetotion ane S of fe oubors and do
e amomiy Rt e wrwe.sf DS

Acknowledpements

I wish to thank my co-authors:

Watts Dietrich®

Byron Jones®

Mo Hosni?

1CDC/ Mational Institute for Ocoupational Safety and Health

*Kansas State University, Department of Mechanical and
Muclear Engineering

QlUse all available tracer gas/particle dispersion, case
history, and simulation data, for large passenger
aircraft.

OBuild meta-model to predict relative risk according te
location in cabin.*

OCalculate spatial estimates of concentration and
uncertainty.*

3 With uncertainty in virus shedding rate and infectious
dose, relative exposure is a useful concept.

T R L e e =t
o b, EAACH R S50 | TR

Intreduction. Risk, Exposure, and Transmission

"'Nuh'omlly, the overall peroentaze of
amdures respimtary spedmens testing positive for SARS-
Co'v-2, the virus causing COVID-L5, inceased

numeer of c :
potentisl from 10 7% during wesk &7 to 11 7% curing
Pt week 43 jout of 321" —CDC Website®

Fizasonatie to think that the prevalence am
the flying public would be lower.

exnasurs
through
distamcing
1000 virion 50%
infection mte

|HII:I5I'I|'."-'

e St o b, S vy ey L S e S 4352

s 1, e, . ammae, L . NS R e o e i sl gt T, 3008 . 1
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Seminar 9 -- Mass Transit Ventilation and Infectious Diseases: Transmission and

Countermeasures (LIVE)
COVID-19, the Marine HVAC Perspective

\, ASHRAE
m@ WINTER CONFERENCE

BB Fobany § 1

SEMINAR 9 — MASS TRANSIT VENTILATION AND INFECTIOUS DISEASES
~ TRANSMISSION AND COUNTERMEASURES

COVID-19, the Marine HVAC Perspective

Sewt o o
pipr
[S————

) "{Bﬁumswenﬁ

COVID-19 THE MARINE HVAC PERSPECTIVE

COVID-19 VIRUS
= MAIN MEANS OF TRAMSMISSION:

» RESPIRATORY DROPLETS FROM HURAN CONTACT

= SMALLDEOPLETS (FROM MOSE/NOUTH) LANDING ON
SURFACES ARDUMD PERSON  |=5-10um|

= OTHER PEOPLE CATCH THE VIRUS BY TOUCHING
CONTEMINATED SURFACES AND THEN THEIR
E/MOUTHS/EVES

+  BREATHING IN THE DROPLETS [BASIS FOR SOCIAL
DISTANCING & MASKS]
» BEROSOLS — DROPLET NUCLEI {«Sum)
+ AEROSOLS CAN STAY I THE AIR FOR EXTENDED PERIODS OF
TIME

- CDNH.ICI'ING INFORMATION WHETHER COVID-19 IS
SMITTED IN AEROSOL AND I5 CONSIDERED AIRBEORNE

DNI.'l IF 8IREQORMNE CAN THE VIRUS ENTER THE HVAC SYSTEM.

COVID-19 THE MARINE HVAC PERSPECTIVE

SEMINAR 3 — MASS TRANSIT VENTILATION AND INFECTIOUS DISEASES—

TRANSMIESION AND COUNTERMEASURES

*  Expisin how viruses spress within an sutomobile. mass transit and aircram
cains and i'npuctonolxupnrﬂs

*  Undersmnd the mechanizm of airbonne infectious disease transmission

*  Desoribe numerical and sxpermentzl studies on spread of the viruses within
the controd volume slong With new hardwane design to iminste these viruzes

*  Expisin ASHRAE TC 9.3 guidetines for sdanessing COVID-1S in mss transit

Outline/Agenda

Understanding virus transmizssion and the role of HVAC
Air fileers in HVAC Plants — NBC, HEPA filters

UV Light disinfection

Humidity Control

Fresh Air Balancing

Conclusion

223

15 COVID-19 AIRBORNE?

= THE WHO STATES THAT THE VIRUS I5 MAINLY TRANSMITTED BY
RESPIRATORY DROPLETS

* How does COWID-18 spread?
* Peoplo can cotch COVID-19 from othars who have the wirus. The

disacse spreads primarily from perzon to parson through small
droplats tfi nase or mouth, M'l\:H ﬂm muuﬂd &n g
parson with Cﬂb‘]D—lgmug srRoan: =. Thase droplots
are reigtively Roovy, do not frove

Ifnrnndq;rc&ly sink 10 the
gmuna’ Pegpie con cotch COVID-139 fmyhm!hem these
th wirus.

roplats from @ person infected with

= hitpsfwwwowho. |nt,,fernergencls,l’dlrensa,l'rmelmmnawrm-
f‘-’ nd-answers-huby g naviruses

COVID-19 THE MARINE HVAC PERSPECTIVE

IS COVID-19 AIRBORNE?

» ASHRAE CONSIDERS THAT THERE |5 ENOUGH CONCERN ABOUT
IVI'ER'E"IRUS BEING AJRBORNE TO PRESENT GUIDELINES &5 IF IT

» ASHRAE Statement on :lrb-nrnetnnsmls.m of SARS-Col-2:
Transmission of SARS-CoV-2 through the air is sufficiently likely
thatairbome exposune to I:he wirus should be controlled. Ch:ngc.
to building operstions, including the operation of heati
untll:'tmg, and sir-conditioning systems, can reduce i orne
EXpOSUrES

" hups-c’_.’www ashrae. D@Iﬁle‘%llllhnr'p-'abnut.l’p-usmnn‘KZUdm:um
rts/pd_infectiousserazols_ 2000 pdf
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Countermeasures (LIVE)

Elimination of Viruses from Automobile Cabins

ASTIRAE ASHRAE VIATUAL
WINTER CONFERENCE
B W B February

1, 2021
Seminar 9. Mass Transit Ventilation
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Tranzmission and Countermesasures

Elimination of Viruses from
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These arz the Overall Session Onli:cﬁvﬂ
mnuzleil_lhlrl'ﬂzﬂ I'br.I:EUa:lplUw!
for the seszion snd rot just your portian.
Your Sezzion Chair should provice you
‘with thiz information or it can be found
&t the bottom of your Spesiers Comes

O On the Speakers Resources page.

***This is & requined slide if you are & Seminas, Workshon,
or Paper session (incuding comference: paper, technical
paper and extended abstract). The text below must be
inchuded on this dide.

OVERVIEW OF THE PRESENTATION

Introduction

Literature Review

Current Investigation

Analysis of Virus Propagation in Cabin
Developed HVAC Unit

Experiments! Detzils

Results & Discussions

Conclusions

Recommendations & Future Work
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INTRODUCTION

a
INTRODUCTION - Continusd
From Qutside From Inside
* Can alsa come into the cabin from outside
e o
I ——
3

o

# Cabin Air Quality is extremely important az we are spending more
time in our respective vehicles

= Cabin air guality usually is not pood a5 it contains the following

pollutznts:
Cabin Air Quality
==

* Can aiso come inta the cabin from outside

From Dutside

INTRODUCTION - Continued

® In thiz study the focus is to sddress the pathagens/germs in the
cabin of an automobile.

= Primary source of virus, germs and bacteria are the eccupants and
pets inside of the vehicle; modd & spores within the cabin; and dust
mites from dead skins from eccupants & pets.

® However, these can also come into the cabin when the HVAC unit is
opersted in outside [0SA] mode.

® Hence, the author conducted an exhaustive literature search in this
area. and as 3 result developed 3 prototype HVAC unit to eliminate
wiruses, bacteriz, mold & spores, dust mites.
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Seminar 9 -- Mass Transit Ventilation and Infectious Diseases: Transmission and
Countermeasures (LIVE)
MASS TRANSIT AND COVID 19

HAT IS MASS

EERT QUICKLY,
RANSIT?

1 s o boliing ot il ot Fces grovity defping, ler scmages in de iy, Fomenge:
aieaitars o laponate fapic

1 m naiing oheet pomanger ol ond bust.

| W roup Sass Ngemar becyas try are sy Sl and b foo Pare i mans sariety
SIT AND COVID 1% It S prane fypem i ond Bae i Sare U batesen mai and bl

Thaty com bk ganaraily broen cof by ride durofion, thort s, Bght i, longer csmmuies i,
iriarcity heovy nal sic

"l ErEr EEme Canaeli

R ———

J LEARNING 1. Should | urn off
BJECTIVES kvt
around in the spoca?

F LEARNING
JBJECTIVES

QUICK ANSWERS He

2. Con't | just add

i
it e b e denign

e slunate thas st HEPA filters? Thay
- ok
Maybal But
;T;‘m'ﬂftﬂﬂl' g’\':ﬁrrﬂjstn":r;:; e
;‘:‘E':::E: m":‘ !rlézsl,; Mryba, and
2 ]
S IS OFTEN THE
ASE, THE SHORT
ANSWERS ARE
NOT VERY
HELPFUL
3 6
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ASHRAE 62.1-2019(Ventilation for Acceptable Indoor Air Quality (ANSI Approved))

ANSI/ASHRAE Standard 62.1-2019
(Supersedes ANSI/ASHRAE Standard 62.1-2016)
Includes ANSI/ASHRAE addenda listed in Appendix O

Ventilation
for Acceptable
Indoor Air Quality
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See Appendix O for approval dates by ASHRAE and the American Mational Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a
change can be found on the ASHRAE® website {(www.ashrae.org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www . ashrac.org) or from
ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 678-339-
2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For reprint per-
mission, go to www.ashrae.org/permissions.

© 2019 ASHRAE ISSN 1041-2336

www.nnalarg

226



T B B ~ W R foz AR § COVID-194; 5]

227



EHRRBEE 2 FEHE2T FHAY

REHVA

Federation of
European Heating,
Ventilation and
Air Conditicning
Associations

B e R o2 B £ COVID-194550 % 52020 & 8 5 3 p
(e 3hdh 49 3 pgr 33 17T pr R (3K AERRFTIEHELHD)

TP IEHr B 2019 ATIFHEF (SARS-CoV-2) & 4 (COVID-19)
2 HVAC # H W2 H a6 4 3763 4

1] 3!

Bor e~ B foF 5 ¢ (REHVA) v A > 2 wat 2019 #7315k om 4 & %
& (COVID-19) imi=Hp ez Ak & % sz @ iverig * 23k > 13g COVID-19
FiEzH o (HIVAC) & F il fiphd 1% 2 B4 - T 2 SRR L A
ook ERIERERAATER S T

TR EAM L R s wR(WH0) ¢ PAHEIAEAL EL TR 2 -
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Rz i AL, T it E o

A B FALARATFHIFIHT c PRI FEE L SRS (Ble
FELE CERCFHCERHTE) RAFFHEERE BTN HER

oo A2 ;iq‘;a@z clEAZEALP o
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LG BT e 2 e A 20022003 SIRS % 15 » #¢ » SARS CoV-12 -
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https://www.who.int/docs/default-source/coronaviruse/getting-workplace-ready-for-covid-19.pdf?sfvrsn=359a81e7_6

i

2 fi%‘%%@‘ g # e B2 COVID-19 7 * 28 %@k » @i REHVAE n*vi’;bt’ﬁl
”’/éiﬁcn‘—v?l ’SARS CoV-2 FaA %42 » geh= 23F* L5 SARS-CoV-1 %

”erF" ’3#‘ ek P EF oMW A FRY A 2 F A A “‘#Elf’ﬁ?’

P E Wk‘%%ﬁ?’RMM‘Wﬁi%pﬁiivﬁﬁﬁa4iﬁlm%6m

fi-

2

T8 B SARS-CoV-2 7z # B3f i@y 0 T F KL SARS-CoV-2 ¢ 58 f
BEFEGH  RIFAR e SR A Y AR LR T ] o R
%ﬂﬁ%ﬁ%?yﬁﬁﬁﬁﬁw’%@%ﬁﬁ%iiﬁﬁiﬁﬁﬁiiﬁﬁﬁ
AR LRERFRRR > R CEREAFAEE 1D 2 e B AR
%°&ﬁ%%i**$:ﬁ%&ﬁﬁw (1) PHBEFYEF > domiF TG 2
iﬁlfﬁ’ﬁ” HVAC 2 H 2 5%k #% ; (2) wwi™F 3 2 AP E 5 Fah gfos
;(3) terc i &?&m?ﬂ# P TR A LR SR s o
~HBECARBER AR B AFPE BIFEEE N LA AR
*tﬁmﬂﬁ%p P e AT I 10 MER o w AR KR AR AR
FBRY R EPMIR BL DS FinF e MR AR FEL 0 Ra b
R T2 Y R E e PRI R R R He e 2R BlArk E
AAfpgE 2 e i BA R S HGFFELRL LF > BABFIrEF oL b
RS R ARFRMFHF Iz R b - AL FEER
1«1 ST BED F TR GG PRAEE W RS o ¢ B AR AP
& COVID-19 w3 B * 3% 5 S/’

T TP PP R UPRPP 176
p L TR 178
3 COVID-19 B T i § ~ i B FrF 23 5 Forrieeeseeseseesse s 182
4 FHPELZERBLE G2 ZARFFTTFTER i, 185
5&%%%@%3%@@@%%% .................................................................... 192

WOt 283 mhen FER awm REHVA ¢ COVID-19 1 i%-] 4]z @ o
"B % fvd REHVA ¢ covn) 19 1 fe) g2 # o
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ELIMINATION Most effective
— to physically remove the pathogen
ENGINEERING CONTROLS

— to separate the people and pathogen
ADMINISTRATIVE CONTROLS
- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT

- to use masks, gowns, gloves, etc. Least effective

ELIMINATION VE-R Vi sop R
— to physically remove the pathogen
ENGINEERING CONTROLS 1 AR -4 ﬁ—%’i?fff‘a/%!%ﬁl‘fk
—to separate the people and pathogen o
ADMINISTRATIVE CONTROLS Frcipdl-dp F 4 R FIRS 3

- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT BABHET Z-* v ¥~ If

- to use masks, gowns, gloves, etc, Ll S S 25
Most effective EYE ST Ui
Least effective ?ﬁ%ﬂ%%
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B.fs 0 47 R #COVID-19 thilldh » &2 57 2 fr? o # p UVGI %3
FFER T T P SARS-CoV-2 4 itk (£ 2) frivdf (£ 5) oA B &
UVGI i 3383+ (R3#40#7) Az <5 COVID-19 + jr {7 8 & UVGI &3+ 0
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o
i

i

N N [Pt % s —, . cr o7 2
%2~ ?),?r“‘ S E ) UVGH f kit oot skop 4 408 1ok
Design detail s Reported Estimated inactivation
Design No. Duct size W « H Lamp arrangement (lamp Powet UV dose Airflow Environmental mact.lvanm.n _Efﬁmemy Clogreduction)
L Py =i efficiency in in this study
s L(m x m % numbers, direction) w) (J/m™) (m/s) conditions tictitics
m) SARS-CoV- SARS-CoV
2

#1 (EPA 600/ 0.61 x 0.61 % 127, reflective duct 720 76.51 2.5 23.2-24.1°C Ms2  98% ~100%" ~100%
R-06/049) 4.6° material (16.47) (13.10)
[29]

#2 (EPA 600/ 1, perpendicular 58 2.47 22.7-22.9°C 39% 70.61% 62.23%
R-06,/050) (0.53) (0.42)
[301

#3 (EPA 600/ 4, perpendicular 100 295 23-23.2°C 46% 76.84% 68.74%
R-06,/051) (0.64) (0.51)
[311

#4 (EPA 600/ 6, perpendicular’, 420 198.26 25.3-25.8°C 99% ~100% ~100%
R-06/052) reflective (42.69) (33.94)
[32]

#5 (EPA 600/ 5, parallel 1100 164.39 24.4-24.8°C 99% ~100% ~100%
R-06/053) (35.40) (28.14)
[33]

#6 (EPA 600/ 4, perpendicular 240 5.82 23-23.2°C 75% 94.42% 89.92%
R-06/054) (1.25) (0.99)
[54]

#7 (EPA 600/ 0.3 x 0.3 x 46" 6, parallel, reflective 750 423.42 1.56 21.2-24.1°C 100% ~100% ~100%
R-06,/084) (91.17) (72.49)
[351

#8 (EPA 600/ 0.61 x 0.61 x 12, pulsed, perpendicular 7020 4.47 2.72 23.6-25.2°C 59% 89.10% 82.83%
R-06/085) 4.6 (0.96) (0.77)
[36]

#9 [19] 02x02x14 1, perpendicular 9 7.35 3 23 °C, 55% SM 97.39% 94.48%

(99.925%); (1.58) (1.26)
PA
(99.909%);
EC
(98.168%);
SF1
(93.607%);
SE2
(92.935%)
#10 [19] 4.90 4.5 - 91.19% 85.51%
(1.06) (0.84)
#11 [19] 3.68 6 - 83.83% 76.51%
(0.79) (0.63)
#12 [24] 0.2x02x14 1, perpendicular 9 6.52 3 20 °C, 50% SE2 96.05% 92.35%
(81.73%); PA (1.40) (1.12)
(99.75%); EC
(95.92%)
#13 [24] 3.91 5 - 85.62%
(0.84)
#14 [24] 3.01 6.5 - 77.52%
(0.65)
#15 [67] 0.61 x 0.61 % 4, perpendicular 240 66.87 2 20°C - ~100%
2.74 (14.40)
#16 [67] 44.58 3 10°C - ~100%
(9.60)
#17 [67] 133.74 A 30°C - ~100%
(28.80)
#18 [67] 4, parallel 55.11 2 20°C - ~100%
(11.87)
#19 [67] 36.74 3 10°C - ~100%
(7.91)
#20 [67] 110.21 1 30°C - ~100%
(23.73)
#21 [68] 0.64 x 0.64 = 4, pacallel 240 6.30 0.93 22.7 °C 31% M82 95.60%
2.44 (99.21%); BB (1.36)
(99.94%); FH
(43.77%); CD
(96.84%)
#22 [251 0.61 x 0.61 x 1, perpendiculac 145 13.41 1.27 24 °C, 50% SM (99%); SE  99.87% 99,4944
3.54 (81%); (2.89) (2.30)
#23 [25] 3, perpendicular 435 31.97 BS (50.5%); ~100% ~100%
AV (10.5%); (6.88) (5.47)
PC (0.5%); CS
(9.5%)
#24 [25] 6, perpendicular 870 75.09
Design details HReported Estimated inactivation
Design Ho. Duct size W =« H Lamp arcangement (lamp Power uv dfﬁﬂ Airflow Frwironmental :g:::‘ﬁ: :“m t'll:l);dl:’i( reduition)
w L{m xm x numbers, direction) W) {J/m") (m/s) conditi ons IiluaLuu-:
m} SARS-CoV- SARS-CoV
2
BS (85%); AV ~100% ~100%
(74.5%); PC (16.17) {12.86)
(13.5%); C$
(16%)

SM : S. marcescens ; PA @ # #&

B8 #z 7] ; SE1 * S.enterrica; SE2 @ %

= %% 7 5 BB : B. broncbiseptica ; FH : 4 7% 4 -1 CD * £ g &
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Tk AV f2 ¢ gk 5 PC : Penicillum chrysogenum ; CS : 3% 432 7 ©
atlyy ASHRAE - 52.2 [ 69 | E gL A -

b3 v prd eEped mah o [ 29 o

CHE 2 e Eped mdh o [ 32 ]

d¥t + 2 99, 995% end Bt o o 5 “~100%7
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£5 2 e ¥ 2 99% SARS-COV-2 4 i it ehg if b UVGI Jk sefmk it 4
iﬁ%d(f%%éﬁﬁéfﬁﬁW§.3§3§§1117Nm2’%:§§.629Mm )

Original design (from EPA reports) Hew design suggestions
Design detail s uv dose Inactivation Design UV dese Inactivati on Energy consumption (kW h)
J/m") e:'ﬁclep:y (log (J/m™) efﬂne:_:t}' (leg A T Ear
reduction) reduction)
#1 (EPA 600/ 12 lamps (each G0W), 76,51 -~ 100% (13.82) 2 lamps 1275 99.50% (2.30) 5256 525.6 10612
R-06,/049) reflective duct material (summer) (summer)
[29] ~100% (24.19) 99.99% (4.03)
(winter) (winter)
#2 (EPA 600/ 1 lamp (58W), 2.47 65.25% (0.45) 5 lamps 12.14 99.36% (2.19) 1270.2 762.12 2032.32
R-06,050) e pendic ul ar (surmmer) {summer ) [surmmer ) (surmmer )
[30] 76.38% (0.78) 3 lamps 749 99.57% (2.37)
[winter) (winter) [winter) (winter)
#3 (EPA 600/ 4 lamps (each 25W), 2.95 71.70% (0.53) L5 Lamps 11.30 99.09% (2.04) 14625 Q85.5 2448
R-06,/051) perpendicul ar (summer) (summer} (summer) (summer)
[311 HL10% (0.93) 9 lamps .48 99.11% (2.05)
(winter) (winter) (winter) (winter)
#4 (EPA 600/ & lamps (each 70W), 198.26 ~100% (35.80) 1 lamp 33.70 ~100% (&.09) 306.6 306.6 613.2
R-06,/052) perpendicul ar, reflective (summer) (summer) (summer)
321 ~100% (62.69) 34.71 ~100% (10.96)
(winter) (winter) (winter)
#5 (EPA 600/ 5 lamps (each 22007, 164,39 = 100% (20.69) 1 lamp 3288 ~100% (5.94) 0636 063.6 1927.2
R-06,/053) parallel (surmmer) (summet)
[33] = 100% (51.98) = 100% (10.40)
(winter) {winter)
#6 (EPA 600/ 4 lamps (each 60W), 5.82 91.71% {1.05) £ lamps 11.48 99.15% (2.07) 21024 1314 3416.4
R-06,/054) perpendicnlar (summer) (summer ) (summer) (summer)
541 96.66% (1.84) 5 lamps 7.38 99,540 (2.33)
(winter) (winrer) [winter) {winrer)
#7 (EPA 600/ & lamps {each 125W), 423.42 ~100% (76.46) 1 lamp F0.57 ~100% (12.74) 5475 5475 1095
R-06,/084) parallel, reflective (summer}) (summer)
[35] ~100% (133.89) ~10H0% (22.51)
[winter) {winter)
#5 (EPA 600/ 12 pulsed lamps (each 4,47 B5.23% (0.61) 30 lamps 11.18 99.01% (2.00) 76,869 43559.1 120428.1
Re06,/065) 585W), perpendicular (summer) {sumimer) (sumimer} (summer)
[36] 97.66% (1.41) 17 lamps 6.33 99.00% (2.00)
(winter) (winter) (winter) (winrer)

Fomo Teand B L A i) o

b%?ﬂ}r% Ten¥ bR T F{ct FTegd z A1 viE i (050 ~ 051 ~ 054 -
0%:@%%%%%%)‘”%%Fm’%ﬂﬁ A

© gt % 3t 99.9950 chd A L e o 2 ¢ {R3e~100%" -

199% 2 E I R A RHEIRGUBLFN FAF AER L > LA RE

=,

2

54 2

[19] Y. FYang, H. Zhang, S.S. Nunayon, V. Chan, A.C.K. Lai. Disinfection efficacy of
ultraviolet germicidal irradiation on airborne bacteria in ventilation ductsindoor
Air, 28 (2018), pp. 806-817, 10.1111/ina.12504

[24] H. Zhang, X. Jin, S.S. Nunayon, A.C.K. Lai. Disinfection by in-duct ultraviolet
lamps under different environmental conditions in turbulent airflows. Indoor Air,
30 (2020), pp. 500-511, 10.1111/ina.12642

[25] D. VanOsdell, K. Foarde. Defining the effectiveness of UV lamps installed in
circulating air ductwork, prep. Air-conditioning refrig. Technol. Inst. Under
ARTI 21-CR progr. Contract number 610-40030. Public from U.S. Dep.
Commer. Natl. Tech. Inf. Serv. 5285 Port R. Road (2002)

[29]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light.
UltraViolet Devices. Inc. Altru-V V-Flex (2006). Epa 600/R-06/049

[30]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light
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systems. Dust free bio-fighter 4Xtreme. Model, 21 (2006). Epa 600/R-06/050

[31]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light
systemsAtlantic Ultraviolet Corporation AeroLogic Model AD24-4 (2006). Epa
600/R-06/051

[32]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light. Steril-
Aire, Inc. Model SE 1VO with GTS 24 VO emitter (2006). Epa 600/R-06/052.

[33]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light
systemsSanuvox Technologies Inc. UV Bio-Wall 50 Outwardly Projecting Air
Purifier (2006). Epa 600/R-06/053.
[34]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light.
American Ultraviolet Corporation ACP-24/HO-4 (2006). Epa 600/R-06/054
[35]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light.
Novatron, Inc. BioProtector BP114i (2006). Epa/600/R-06/084

[36]EPA. Biological inactivation efficiency by HVAC in-duct ultraviolet light
systemsAbracair, LLC In-Duct System (2006). EPA 600/R-06/085

[67]J. Lau, W. Bahnfleth, R. Mistrick, D. Kompare. Ultraviolet irradiance
measurement and modeling for evaluating the effectiveness of in-duct ultraviolet
germicidal irradiation devices. HVAC R Res., 18 (2012), pp. 626-642,
10.1080/10789669.2011.611575

[68]J.1. Pearce-Walker, D.J. Troup, R. Ives, L.A. Ikner, J.B. Rose, M.A. Kennedy,
M.P. Verhougstraete. Investigation of the effects of an ultraviolet germicidal
irradiation system on concentrations of aerosolized surrogates for common
veterinary pathogens. Am. J. Vet. Res., 81 (2020), pp. 506-513,
10.2460/ajvr.81.6.506

[69]M.D. Corbat, K. Owen, T.A. Mcgrath, R.B. Burkhead, D.M. Feddersen, C.

Fischer, P. Maybee, S.W. Nicholas, C.Q. Sun, R.M. Harrold, S.J. Emmerich, J.D.

Aswegan, K.I. Emerson, J.M. Ferguson, M.W. Gallagher, W.T. Grondzik, S.S.
Hanson, R.L. Hedrick. Method of testing general ventilation air-cleaning devices
for removal efficiency by particle size. ASHRAE Stand (2017), pp. 1-64. 2007.
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~ Airborne transmission of respiratory viruses

i el m A e F

? )l% X w) Review paper

 BE P2 & (Review summary)

R

w5 B4 (Respiratory pathogens) i & @452 S 4L R iL3n 3 Ly
PR & %o frd#f vaﬂffa’ A AREREBFIIRB AT LR (F4F)

3 F @:}"é BT ARG LR BIERRE A F 1122 % AEELN X~ 0] 20 B umen
B4+ 5 %% & &% 12 (Droplet nuclei) - # 3 ¢7fé BRAILE T - £ FF AR
FM oo RA o Ia g gy R Rd D f B FREREEE
w3 if o i ¥ %5k s & (Severe acute respiratory syndrome coronavirus, SARS-
CoV) ~ ¢ L »# X i ¥ %)k o5 & & % & (Middle East respiratory syndrome
coronavirus, MERS-CoV) ~ /g s # ~ 4 #Ee8 g & Féyga% (Respiratory syncytial
virus, RSV) o &+ COVID-19 <~ /i 78 A g1 7 AP HRIR 5450z
F F DA BEWP el 42 o i SARS-CoV-2 mﬂ“é Ees A BET 7
i f3Fff COVID-19 + i A BB P eonh S R BT 2oz P RB 2T @
HenZL B o Fl¥ER COVID-19 4eie @f10 2 F & ol H o5 ke dr ) < i (7 e0L 3
FEANF R R R }?54 N F BIERIE T pA3 g { P A e
[ESY AR cAa N e gl U

i& £ (Advances) :

MR AR f BT GG LR R AL o § R ERBFDLER o bl
deg F B4 B4 07 B # A 4 47 & (Scanning Mobility Particle Sizer, SMPS)
o BEn s A eng WA & LS5 pm %L%?J‘ 5 Bert A R 3L pm o
é;}é.vix“!mpp'frf WiE o Ay A B ? h7 kA 4N

A2 M GEREL I E R Sum kR A F Biefk o i Be 8k

A=

Iy 3
I‘...d

2R £ R R G 100um’1;:xl~z\ T LS mME AT M AFL T F ¢ RF
Ssubeng A s o i ¥ EDFEFF E 13 2m e (BN § Ben
FoordAE) X2V BRA N o XEABMALDFRT TG BRMEES
FEIEIR* G20 4% (SSum) 3 pa hf Bl § AL
M RR FIA R SRR AERR 5 RS e b
R A I S R ér_mm,ﬁ.mz 2R o g s
TR b RESE ) Ra o R g ERIRS VU b e > T U

SN T IR 2 T B o
Wb HBRBORALE P e P BRI B O LR G g
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i

BEAE B35 5 % ) SARS-CoV-2R & BIFenF # 4 FF MR 5 F % iof i
B EF @a%#%f#‘”l %7 4 e FE e YR o B W C %fﬁ;ﬁé A B
SARS-CoV-2 shigffsadvt 2 5 B3R E ke » ¢ B AI MRS 4p
Ef 0.2 m rppFo ﬁ%@4daﬂ$m@%@row?*@%m@@pﬂ%
REHET AL F R o Rk B RERE EAPEN AR FIE G A AR ot
o ZF BREET G BN R R R g Ed Dl BERS DB DA
T 5 Wk SRde (droplet driven) - & 7} k2 ok (WHO) o2 BB piz 4l & 551
# « (Centers for Disease Control and Prevention, CDC) = & 52 £ » &~ §£5 5
4 thi W E_2021 # ‘BFEAE ok JEH @3 COVID-19 chi & @ 34 o

% * (Outlook) :

FRMIEY 2§ @R A KED C AREFIHFRETF BHEL

TR R oo@ R gne EF] L ORE B % G4 E§F F](Misattribution of
anecdotal observations) o #3t4x L H Rk Arid A4 B anEyy 0 R AR RAR S g
Bt R @ S A 0 A G T F B 1 ]
$ i s o E3APYH SARS-COV-2 g 411 f& > F & £A37iTH 1 g
Fop g B BIRR T o LRI IE 408 KR 0 RIES o £ BEHL T R
Bih o KRRLRED o F R L F R KR T B - @3
HE LG LG H AR Fop ok X R Ok 4L L o

!

Potential host

Aerosols .

Within and beyond
Imeter

Canfloat in air for hours
Can be inhaled

+<5pum

* 5-100 pm

Droplets

Can travel less
than 1 meter

Fallto the ground in
under 5 seconds

Cannot be inhaled Alveolar s ] =— Fomites: contaminated surfaces

©>100 pm <lm'  >lm

R nd BELF QTR R o ¥ m S hf 9 (<100 pm)
AdREAFESELF FH AL > BEFF EERTNT B iy o P&V
PR B TP T A ARG L~ I RTHR 4 oo & % (>100 um)
A BT AT F P Rl AR T PR 2 1R 2m
FRPN B3 A AEIER IR R SIASRTOR 4 o
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ZARBEREI AT LT THAY
A2
% & (abstract) :

COVID-19 = i {74k 7 2 19 $ted v i o & @353 4 o0 Supghongl 3 o
7R LATOM AR Lo HAfrE § B E D LR EZFREY RS
S PSR EEER R EEE S VR Y AR
T MR S EF R RO RS LY P eR 22 - F e
AR R ﬁaféfsﬂ*;akmﬁ BE o (T L B N ﬁq;]:gﬁ-g‘ﬁkﬁqrﬂ% o HF
B € & Mef o i g i ¥ %k op & % 23] (Severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) g 27 7 F K5 R B { #2235 & £ i
RS S E R E R Ft ViR cE St S i e TEP R i E

LIS .

hid - B EAZ > FRE A ML L R B et KRB
Tl HARRKY EAF NI AL o Bl ORI RALE A f’?"ﬁ“’\»ﬂa‘“
BT bt (BARBH) &mfFride  REFLEHTEST
P (AR B o SRR §F RERE A FLIIZ2 MERIP G
b At R FA PR AEREIREHEA R A R DR R
SR AETER o TRAMIREZ A 2 F b T F @%;}}5 E o B A F RN Tk
i (Droplet nuclei) ; (7 # ¢ ##Fchftik) @ ¥ T& 51> 5 um 2 BiE
Bt EEdR A H122m e § Al AR Al B R vt
P TR ATF Y c TR I AN S F AR A4 iR
A ﬂfrpi c),lE o Fl R VR~ L s PRER ~ e S cmﬁﬂf@fcg vﬂl 4)

ZF BFHFAFEL TR LG F Y M p*&-‘%}i\@jﬁm#lﬁlﬁ?‘ﬁuiﬁﬁ"
o dh o iR o %&%m“ e S P Rl I e Sl 2l
4 o b PR FRIeRARDT F R4 BT 0 BTy L2 i;:lfr-r:‘:ﬂ\
Fen? < Bw{#75 100 um> @ 7 @ % 5 um 25G5-7) 247 3 » 100
pm & B T F Y RIAZESY) (LS mang R ) R S A F B ahALE 1
M 7 AR ko AR B AR A F S B A SRR T i §
EREAE (<05 m) p BIRESE  PEERFEH B F ER A f’?’ﬂ? g
frps F2E B3R (8-10) - F B PR EZF P FT - A LR F
Lehz Y o ¥ AR fo & BESLP ARG N 0 F]PL i 7 pgwmﬁu@ﬁ
T HIFR Y 4o 0§ RIFP 45 o & COVID-19 + in s 8 F > #4595 2 & i
TN L RERIFTLSEMORE 0 2 f BRRETR L P ER i e A
;}:’ﬁ%@:u FA b @;% o

@%*@%ﬂu@f%ﬂ%Fﬁﬁﬁﬂmam EEF BB E - A 20
e 2w o R e R L 5 AL R % # 18 < 2 A (Pestilential
particles) #7 @& 4 ¢ (11,12) - s=f6 % # @3 g g & 1900 & 4~ & 4 Charles
Chapin 8 w » & BAL#f Lrrsif A p Bdheha 2 F (%) B L

9

—Ar
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P B4 @ (13) o Chapin £ #2 7 F B3 oD L 07 175 X B fFd

¥ 17 o Chapin 4 3 ¥if it % % B0 fk Bh—Lk 1 §F RO 452

BATHERANE R o AP XAFNBEX LR FREFL Y T B (14) 0

L%Qgﬁnjvi'v;i‘ﬁ:;];si @#‘én”#ﬁ WHY ARG RIeT 44 B4 (15) 0 H ¥ -

R H IR F g F ook o R4 g ERBWNLEH o TU P ol
P kB o

f@%fﬁ?&ﬂé;‘%@%; 1R BT 2 I R I e FIR A AEE b et
AR A N F B ¢ BRI RAE (16-18) g pF (19-24) ~ A e £
F :;I;si (Respiratory syncytial virus, RSV) (25) ~ * #7 # :}Iisi (hRV) (9, 26-28) ~ Hi‘]t
Fr s FEpE (29) L &M gpizE s kom4 (Severe acute respiratory
syndrome coronavirus, SARS-CoV) (30, 31) ~ # L »& X i 3 55k & B F
(Middle East respiratory syndrome coronavirus, MERS—CoV) (32) 4= SARS-CoV -2
(33-36)(#1) - &- IE PHFERBEOFLY 0 B F SHOBALNE B
& @3- 2 (200 Y- AMA RS BRHDAFIRATEFNRH - FHYT
o A0 & enig g S Su (26) o f R{rZ jre SARS-CoV-2 g 4 2 ##EF 7 115 E
L ““””%E&’i L f B R o iR B hakin T e (7 (33, 37, 38)
A3 R II?E—* ~ B R ffﬁ—* ~RSV ~ Az R ’F{rg‘r'; J\}}ii-a-ff' hRV g 4 #p & et 28]
A s 78T o }Iis-a- BJ»SI—] PEAR I NS 7}@1 /] rﬂ;ﬁ we s A S umm;ﬁ Ly
PRBIFI O EEE A 2 At ag e (39) o ¢ #% iRl T SARS-CoV-2
RNA > ¥ % 025 >4 uym (34 ~35-40-44) chg B9 0 @A 7}%-% o i

EAFF N awipg (<5 um) fofe sl (> 5 um) § %9 & w2 p#
RNA > fm3pf 9 51 L % m}lii—a- RNA (23) - #2523y > Fiten
SARS-CoV-2 ¥ £ 8 % & 14 3] pF (45-47) - & 4 e (WHO) fr 3 B A
o1 8 ¢ e (CDC) & 8|t 2021 & 4 7 4o 5 0 154G » 44 54
# " £_SARS-CoV-2 &4z fr& ﬁi@%r’v’ﬂ £ = 58 (48,49) -

FERE O R B ET N B R AR A E 2 m P
EFEHL A RS~ o oA PR T A BMEERF 02m i A 05 m I p EFEG A
L B g 3¢ (50) o $E 7 m 4 (16-18) friz i 4 4tk ] (51, 52) T REdR % <h
ﬁgzﬁﬁ NPT ﬁ“ﬁﬂ%rﬂ%ﬂfﬁa PR F I TS BB P FRE-H
F YRR B o 2 H g3 sk 2 5§k 5% (droplet driven) » %15 7
BRI T HA B RRAER D T 5 AR PBHS o & COVID-19 iR
FH o FERURICA AP EN G LR DBHRT 0 B (53-55) 4R T 4P
$+ 1AL & @ 4 3 (Basic reproduction number, Rg) (#1) -

o
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F1era g md chg § @i o L A 2 AR B ARG F BN AL

Scope of studies and/or approaches Basic
Virus name Air sampling Air sampling Animal models Laboratory or Epidemiologic Simulation and Size-resolved  reproduction
and PCR and cell culture clinical studies  -al analsis modeling information number (Ro)
SARS-CoV (31) (31) - (30) (30) (30) - 2.0-3.0 (197)
'MERS-CoV @ (32,103)  (103198) @ - - - 050092
(197)
'SARS-CovV-2 (4144 (34,35,40)  (33,37,199)  (34,45,107) (36,64, (36,50) (34,41,43) 1489
71, 72, 186) (57, 58)
nfluenzavirus (22, 23, 98, (23,98,101) (24, 137, 200, (24, 138, 202, (20) (20,114,204)  (23,105,106)  1.0-21(205)
102, 106) 201) 203)
Rhinovirus ©21 (26,289 - (26-28) - - @n ©  12-27(205)
‘Measlesvirus~~ (16) aw - - an an (16)  12-18(206)
‘Respiratory w2 @ - 25 - - (25 09219
syncytial virus (205)

(RSV)
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Ro&dp— B~ bl i b B X # 7 Sldecn T 308 5 b ch i dic - & B3
B h- BERPDTLEZT > REANF IFERHIBRERCFELT F RGBS
Moo Rm o BABERIRLG AE R FlE T F iﬁ%ﬁ:}ﬁs%ﬁu*ﬁﬂ Ro & # ] B~ i4-
WEAFE TN HBTIEE A AT o bldeo .J‘%f}}is (Rg : 0.26 *
43) ¥ - A% - ey § @#&,ﬁmpﬂ@i (56) » 2T @I 4o COVID-19

(Rop:14 289) (57-59) « B3 5 BFhF|F & 37 b+ | et g 3pk
L SR AR TR I m?ﬁ%&'ﬁ«'l A fipa R E R M % (B8
ThBEERB? - UREDHEI LI AL FTF) o p ot Rp AT 9E
m COVID-19 enA 472 R %% > R RFAFLEET VPR EF 3R B Z
oo f?:}}iaé‘fﬁﬂ 7R 0 10% 3% 20% SARS-CoV-2f JLi SFERE L ant 'b”'J
7 80% % 90% > % 7 = =t &% & (secondary attack rates) (R Lk B
WB]) B R (60-63) o

A% kA% 5 B>t COVID-19 %7 7 %5 SARS-CoV-2 ch7 #3455 2 & cnigdg
SRARET A EREG S RPRCAFERRFELET LA RSB £
HE AR+ g N IEB (6, 34,35,41,42,45, 50, 64-68) » iz— LB E % T2
FUoFERF AR (A3 LARBASRG) AR PF 2 FR e
4@%$1W%@¥iﬂviﬁii@%%ﬂ%’ﬂé%ﬁﬁﬁ%ﬁﬁmﬁ

AgrtEa 2 AR BE AR ER A FBERT ARPRE (69) o ‘Jﬁf?«‘flis
Erfrmifiesd e 2 F oo Pes 1‘3—%& (airflow model simulations) : + ¥z & §
% (tracer experiment) ; & B (36) ~ F #F4c 1 fr (70) ~ 2585 (71) ~ 283 EE R
(64) 2 ¥ ﬁﬂﬁﬁ&%ﬁ@ﬁ] (72) ¢ @#%3; a e g L F A e ©
WA RARBHS N L Sl Y R - BRGSR
koG NITIEREME AR A AL PRAL R G U pE R

T
!l

\f‘“k polk

PSR T A RS o S SRR F PR A R - R
kmﬂ%{@w*k @*ﬁu» R EEF c REBRHEFEOLFESHER
PIREC AH RBMT AL RS LK %ﬁ\w&z%\%%ﬁ%aﬂiﬂﬁ

v §(36) - ”@i<ﬁ@%¢*%4mﬁ A02m PN PEL AR il
X (50) # ® SARS-COV-2 156 5 4 4 6 3% i ] (73-75) » Ft F i
FBEEF RO - AR RER R ARRBETEE

ARG e SR Rk bR 4 g § B0 £ R L AL
TR R AR MR o LT R4 T F B LA FY BB LW
AP R B o RS et RAIFR L o @4~Epﬁ@ﬁﬁﬂ
L g A e L—«E’}F’?ﬂr‘h}éﬁﬂ » AP C?" }?3-‘!‘ F Heng 4~ iE ﬂff'
AT E il AR > M B G EAROE & Sl B ST ’zm
@%&ﬂ%ﬁiﬁﬁﬁ%m
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ERABBEEE BRYG LT FIEY

Phase 1 » Phase 2 » Phase 3

Generation and exhalation Transport Inhalation, deposition and infection
» Generation mechanisms » Settling velocity and residence time in air « Size distribution of inhalable aerosols
- Viiral load at generation sites - Size change during transport - Deposition mechanisms

= Size distribution of exhaled aerosols « Persistence of viruses in aerosols « Size-dependent deposition sites

* Number of virions in aerosol = Environmental factors: temperature, humidity, + Deposition site susceptibility

airflow and ventilation, UV radiation

//_,_.—..‘\\ -+ <5pm 100-5pm o /—-'_'-‘-\\\

'... -_'_:::.‘- :|
Oral AR
Laryngeal KR e

gLt

Bronchial . . :

‘I
Bronchiolar .

. .
Alveolar

i et EAER I L A RS I AUES IE LA R L O e b
(i) EH R () % R R o F BIERME L B B8 RS
ﬂ%m‘;‘ggfg_&o (Fmd Fen | 250 6] o)

) 3 J}%%:}ﬁji s1% % (Generation of virus-laden aerosols)

= 3 ?‘r",'éﬁﬁ el T s P I A A F R o rEER s oYy
WA g AL AERA o f it R (76, 77) 0 i F
% EF /p‘%ﬁiff_‘z sb:ﬁ%% m)?‘?,.q‘ "—"‘]—fri\.ﬂ N ér_;?fr; d rﬁl%@’ﬂiﬂ*
FRREEAE > BM TS N U P A g P g R (78) 0 KR 4 B AL )
7 mA (39,7981) A TR~ Bd F - &5 EEAorE s &

BoR A oA (82, 83) (F2) -

Physicochemical properties of virus-laden aerosols:
“ P& « Size

= Viral load and infectivity

> ¥ ° Q@ @
% o % o ﬁ * Other chemical components:

= . - electrolytes, proteins, surfactants
i Iu "o . s JV « pH value
s % o « Electrical charge
- « Air/liquid interfacial properties

<)

B2 ?’ﬁ}?ﬁiﬁg”gﬁ‘lﬁﬂﬂgﬁ'f*°$\’ﬁ}{i:,—%-f{:’”/imf ‘;ﬂ}f ’iﬁﬂ\’%ﬁ,} = H
BP0 ¢ IS L A R BAR S F Y B R
?E‘DH T_E';'f‘f'ffé gyl R =X A
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# 325 & er-#7(Sites of aerosol formation)

MO F ORI E A AT A S st A 2 F Rt for iy
F (384,85 md fHF AL KRS b (3) o f A
i F R EAw AR R 0 A2 ] ff: }; CEMEFBES RF A TR

B ALY 4 A4 e e F UL AR F aniE R T ¥ AT R (turbulent) o
UL S g o B ?f“‘ B ;17 H ¢ % 5 & i (laminar flow)
(76 86-88) vt § LT 5 HE ALY A IRF A L 0 (3) 0 B hT )

u’j'f#%’u_vi PR X F 9 o ARt 2 T 5 ik (5100 pm) i B d v e h
A4 (3) e ArBEcfreE e AR Y o F BRI EFF A OREE A
4e (9, 89, 90)

r%4 % (Number and size distributions)
v Z”,SF W o Fodg H @’Lmﬁ’»ﬁ “QKJ EE=E e [ N N ST PR

A
(g
—h

1

A=

T &__.
3

U 2%%«4§%ww«%Lg»ur%mwﬁ%JE?%@%ﬁ“*°é1%0
ER ks e ERY L EEY R F R T A o0 & 358 B R e

BEER 0 R BTk g R (1, 2, 91) o B HP AT i g E
WA E AR Y S umeng B (1, 92) 0 R P m R E o et F B4 H
TrHFHBEATHBERAITR I G ARPIDIER hF ot g A S

i ~tam o #EN5 01lum~023 08um~153% 1.8 umf-35 %1 5.0 pm -
ABEAEF AL B 4 AR oL ER (289 85+91-93)
Yo AR o F AR R AT e i ARUR o REE 145 pmAerg e 123 pm i ¢
N p) N R I j\g ndl Ly ﬂfr-v%_ﬁa (3) rg,:ﬁ mE o 5 #ieres 5;;’1";/;];? ) AR}
um e %5 et e A de ek A e L F L 1 um #‘V*"ﬁ NS e Ty
deng (8, 9)c BHA 7 o ¥ E B>100 umeh R 0 FEH AL F BIkE L
/] %+ 100 umen % £ 1100 F| 1000 & (3) -

FALROE e s A g § g d i 7200 2 F B (9,
93) o B A R pERE NP H A S BEEF A A R o Bt A ;{;srb& ~E#
WEdefr L hanid Bk (94, 95) e @E L A LA [T 3
r‘m]z, oo F|L B PR aER AT o X F J‘lﬂjq\l%’?‘“‘/}é‘f’l,&mi ,f]zf Sﬁffr’iﬁ-jé’g‘&")
(96) o # 75 fri 3 AT > BN L AR ERF RA R F R e chf g P
#8748 (fluid lining the airways)z’v’ﬂ#.i-'rn‘ C ¥ F Rl FIME R iE
(94) - BFTHETFT  OEBE L1 A&EV ¢ AL T 0 1000 55 B (97) o BEIRTEHE
FAEREEN AL S g B AR S ol o vy (TR
A b R G TRk R R F o Bl fe7 5 ForrdiAp 0 %

%imviv;»\‘;ruwfrﬂ @R gf%*zﬂi EE R R I

’

4

=gl
4
F

# Benpa 7 £ (Viral content of aerosols)
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ZABRBEREE P J)"‘.jﬂﬂ' EESORCE Y =iy

FoRepd R LA F QAMBTRAMETS KA o 2 F @R
FFERfoRBIE PR FIZT P AT F Y ERAM TP ARRER
PR RABRBERArRE o - BB R RAAR N R S prsa s B (quantitative
polymerase chain reaction, qPCR) & = & :if # 4 PCR (quantitative reverse
transcription PCR, qRT-PCR) = iz 473 § th4a® 43 5 ,1:}1534% AFleRm o F
EHBBGE TG AL R ET RS LT LG BAM - pA hd g4 Pk
A i @ 4 5 (genomic material) ~ +% F-v (nucleoprotein) ~ % # (capsid)fr/s & 7
(envelope)sh= il fostic « GE - LA T ERA I F Y BB /FF L AP0 o ke
o LR e 2 o blheR B4 B B ;Fﬁ_ (liquid condensation collection device)
S EARRRIIGF SV FarEagnd 0 2 R F B g i+ {r SARS-CoV-
2(35~40-~98)

Rl e e e AR et T a%ﬂ?:}}isi (adenovirus) (29 ~ 99)
¥ E+ Jﬁsi (coxsackievirus) (100) ~ g :}}is-% (22~23-98-~101) ~ # :}}is-%
(9~26-28) ~ F# = (16~ 17) ~ RSV (25, 102) ~ SARS-CoV (31) ~ MERS-
CoV (32, 103) {= SARS-CoV-2 (34, 35, 40-44) (%1) - 3 A ¢ COVID-19 &
hfh % Z F ¢ SARS-CoV-2 ik & %63 74 TCIDsoliter (4 = L e g %;;L
FAHEL) 2 (35) o pAkLF e <) F R R hsGEE A “ TR~
AZPHrA A NERE ATRERRTH > 2 Popd 2B r LR (104)
¥R TRk k& (bldomkdirdin ) @ Shpd RRERE T Serf RlA 2
BRI F Bk R o o ﬁ.}af@%i R LW R F B e ha B 0t ) (50 - 55
7)o 2%a » AR % A Fl& B 3]ink »‘1:;;3-% SRR FEE >~ #kmA s hRV &
RSV enipaiet I F B9 de B eng B 23R AN E LEBER Y KT §
PR ) BT G R F A (10) o BHURE B e s R 2k
EFljc g afg A9 {g;‘@— Lehmpa RNA 3 220<4 3 5 umehg @ (23, 104,
105) © ¥t /5 fd e v i g5 & r’v’ﬂp’”"ﬁ‘lﬁtrfgsi RNA #% fwﬁi? B (<5 um) ® A
SEERF Y LW R (39) o ?\FEJ;?’NT«F BB F R R RE e
RSV s 5 &g > F 42% e9A7F J,,. }?3—5»- RNA > & 25 9% mRSV RNA >t
<4 umeng e (102) o - B E WA LT DA FE T P o iR g Ban
Y o B2 25 pming B IR - 20 HAJGE A+ RNA (106) -
- AL HER - %4 COVID-19 L et ey 4 & [ peff dy 532 105 2
107 # SARS-CoV-2 £ Flie 2 b (genome copies) > @ H s A B2 € v T 5P| T
dipd (107) e A& A2 RS fﬁg BEEEHpd g EORERT R g %%‘r&
COVID-19 @4t G R chiB 4 » 2 HAQ B B L F 2 b &R F1(108) - & 3 7]
B %E 7 BAERES > kB - THE f’ﬂlﬁs-‘r%“* ZE RIS 58 1) 4
PR B F M vy FRET . PR FLY o R AHE FIES A
PP N TR A B Tt AR B IRIR R R T R TR R
T A RSIER R HINERE SFE L ET 0 MmEa) s = (plague-
forming units, PFU) 3+ & > A SR 4o 2975 B £ £ » §F %975 £ > 9
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% i iz sf(intranasal injection) | £ ¢F A 2~ (101) o &% 7 F A H oA i
= > :Ixa‘.ll}fga} e }ﬁi-ﬂ' gﬂﬂfr-@.f,l,]ﬁ‘ }{;3_*+s.+ B R BT L RS i
#‘?*"]‘é_“i"’ B4 350 2% {pe ﬁ*"i‘:l»lﬁ«]ﬁi—‘r ez 51{ m@%

B¢t /'155% srig %% (Virus-laden aerosols in the environment)

FRANF BN S RET P AT F Y B o R F e ik BB T P
dofe et g poA 2 fofi o Bldoriei A 4 Bk f B R R AR
(109) = 5 M @@= f ek Il & 12 § B h & L] o d 20 1L
FHEFERe S (LA S TAeRAS ) FRTNE RPN GREHET
MEE e G LI FRAZF YA F 2 F Y A 0L P AR IS RE R
F 4 4 & (biological inactivation) it # » v i E R ~ RAE fo% bR (UV) $55F 5 k5
Fl & PR o

g B R S F B ) EREEREF R o SR F Y E
ok i ¥ ¥ 0 * Hertz-Knudsen = 4258 45 it (110) © fR @ > d At g B 2 5 2405
M e fEdky LR TrE R 25 Fad R Bk (111) - ¢ﬁ%@
iz ’%Hﬁgéé4iﬂf SR S ARR A pH B o AT Rl gt Sl A AR
MR Y e TiEAT T (83, 112) - %%nw%ﬂm%wgﬁﬁvﬁ§*@4mk%#

a1

~

i ngmwrfz PRRFREaLBLS (13 250 £ i
SRR AT EERFEFARL S FiRAOFBRBELAEFE KIS EE LG
mOEE F ¢ AR “f R AP A FaY FlcEAAT TR iE (114)

FFopdanf Besfd R yERE AT GRpRATER it 2
wﬂ#mﬁmT,%iAJm Hm@gﬁﬁﬁﬁﬁzmﬁég B oo oo ZRiEpE 4#
42 BT 4 o hodrde w #7 2 E(Stokes’ law) ¥t 3 cngy i 2 & T 228 (115,
116)

o -5
n
Ao dp L F BAEkenE 2o gRE S it B o pp L F AEROR A 0 CoRR B IF L
¥& i % #(Cunningham slip correction factor) » 4 ¥ /& 8 @2 T35 d BAp g PF > % h#kc
AR A AT IR A T R LT f PR AR

Flot o W ook %lw GO R O RO (B B ) SPIBEGR R R A ) g

B Ee G gt ER (B3) o afFlt 3‘;%’“’ 05 umeng BE_LS F ch3 R UE I

%7 E 33440 ™ 1umeng BF LS FP>12 ) pF (116) - e & > A+ % ¥
IFL% BB e J;Eu‘g_ @;P TRk B o b %v:i'\:}',ffg’ WAk el A, fé,{ki&ﬁ;fj_ll El z
g R et e 7 fer

Ty By BT (humld plume) ¥ - igx AT 1 BBV & iR
S (86) o A A g B EERB AN F R A )~ A U P g R b R

\4—
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EABRBERZ P J;’UPF] EESORCE Y =iy

YR RBEEE > BlAoF bR @ 2 IR R S el 734 (Heating, ventilation and air
conditioning, HVAC) 514z p & i & 46 (117, 118) « o 1 § B ik B & i8R (T
4‘—'}‘ ) mf’ ﬁ\l’g ’ T' “{-K vl V).i/ it Iﬁ%u; ;%r (F’h @ m “{&Egg_u% l'ﬁ (50, 119) o

100 pm Spm 1um
1000 4 .. . ; 1.5 m height
- — 1.0m '

- . —1.5m
E 100 + 20m
=} 3 — 3.0 m
(=] : i i
< 5 sec 33 min 12.2 hr
- 103 : |
'© 3
£ ]
Q 14
= ]
e -
Q 7 i i
g 0.1 E Y ¥ r Ground level
) : (or surfaces)
= _
8 i
o 0.01

1E-3

T T I ! I ' | ! I ! |
0 20 40 60 80 100

Aerosol diameter (um)

WM3FHT ez fd @TSEFEF2A R~ L hf BaPil i HRgEEy i
PpIR ARk S BT B T B (116) o B4 > 100 ~ 5 & lpmeng 8 1.5 m hF
BiER ke (M40 ) “TZ /@A % 5 5s~33min & 122 hr -

Ve iri S B A A et mmﬁﬁ'fr@’}‘ GRERU IO IR G T Sy
(117 120) » ~ 34 nmza.gﬂ;\ﬂ&« RTREY T RSP F G A LG
AoF BT R T T Bl B wﬁE%ﬁ@% e SRS SN | E e
(117) T pF g Bang i ApdE < A PR b 4 B oy G e
Ful R F R RRE A F o e (121)

288



E;%‘K% Bﬂ;_g};}-g:,m}% r]-%
(Environmental factors that affect aerosol transmission)

RN L mﬁf«—’;‘ A SRR BB LGRPNRT LK R
i (rotary drum)§ Sz 0 T F Bt & qﬁﬁ%g F(stationary chamber) ¥ 3% R /5 crap
Bi{E - pd ek @E—a o — mfs 4 8 (first-order Kinetics) &k 45 it -

C=Cyxekt

He CAtPAREAMREF PEE > Colg Fps i dolk Rk >k LA FE ¥ #r’g;;
(inactivation rate constant) (122) - % & 5 ¥ #Fp4 a & > FB-ver 3 B o
BECBE KRG B pE Uil 8 44 (45, 46, 123) o e Y «Hvi
B R A iRy REVRZ AT SR G PRE o 5] 99.99% 4 2 BT R
chpE R ) PER BT 2 (124) 0 RS T T RPH K E i $3 SARS-CoV i
SARS-COV-2 ¥ % % A # chf % ki » L % ¥ % 5153/ g (125-127)

8 & (Temperature)

R RA AF B hniE ol ol FAL & HF)F (125, 128, 129)(Tang,
2009; Lin et al., 2006; ...) - £ B ¥ it § S pd hdd o Fiod B g
Moo boefwE egg Bt EnB R i (130) 0 R H 0 ereaf erug a4 e (131) o
SARS-CoV (132) ~ SARS-CoV-2 (133) frif i 54 (134) AdiGE AT L A% &7 it
F) 5 R REB (4 i1 § #7425 (Arrhenius equation)dzz 4] ) foitst @ Hopm 4
PR R 5 o IR RR IR ET 0 ¢ oF B R R kg
A ERUE R T F 5 B3 (128, 135) -

#p %1% & (Relative humidity, RH)

FBEH A F B g ST g ] o R A (Relative humidity, RH) ¢ 82 5F
T ;m@@—ﬁrgk f oA E (118, 114, 129) « wfw f ECF S AR B S F ¢
€ %%ﬁ P F ST PAATORAR R EAIIRMORH - ZEEAF T E AP (114,
136) c M ehTks RH T > Z# #F 2 F Lk & v | a3 il E T4
(136) = 7= RH 2+ %) 80% P¥F » v % § % chd % B 4T 5 Rde+ o] 920% 3 40% (129) -

MERA AT A g h AR pA SRSV el Wbl &t 0 s
BFF1% RH (134) o 34 $ RH iR 27 it 2 RH AP M B p 4 ATk B ¥ i A qc/
RARY EPPE - RRRS FRRF LU RH ToF 3 G (134) B H L B E T
ORH F 1R m 4 B4 (135, 137) 5 @ - % 2009 & « R FALLRE 4 (HIND)
B2V eEa- AR pF & 20% 3 100% R L RH #FFIP 1 R4S
AR BLAE (138) - -AFTALT 11 7}@3‘;%’@%&,:}}%% $ RH shagp 1+ > 0
B2 2k - 2 RNA ff}%-cr it RH T 5 EEEF > 2y 3 20 :f]‘;ﬁ-’i % RH ™ 358 (¥
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(139) RH "t"ﬂ‘é/%‘fr.{f: ’i/a“:l )P‘S—Q- /rv}' mefﬁg l"‘{]]}‘i-ﬁ» m;fi‘rﬂ;;’ ;.]F!‘-‘,-q- mp\ I__J}’ﬂiml
Mz HEFERESAS (113-129-139) (B 2) o

¥ oh s g s+(UV radiation)
EH LR RBHRILG R F BRHpE AL F g 2 ¢ R
B & (127, 140) ~ SARS-CoV {r# i A sgafm 4 (141) o b 6 k¥ 5 ot £
T oo ¥ g ot € @ SARS-CoV-2 &~ & 32 & A (Bulk culture medium) (142) - % (47)
PR A 3 R e KA AR B B REA 4 B (143) 0 Aot
B (T P F ERE s LR BRIIRHE AL E -

F o~ iR fedE g (Airflow, ventilation, and filtration)
gftkAprt o Fnas e BT mE SF % (81) m@ﬁg‘] H#okd >0 E 4 @i
M oz F P BRI AALERS > F i h FILRREERF B0) 0 A
2 v g B e € X 3 £ R #0375 (Body’s thermal plume) s BB (81) o E ¢H { < e
Fomp BN F RAT O ARE B BN g X DR B E X T U] e b F e
SN AEPN R pA DT F B AeF LR TF (144-146) o - HH A pS B

AT gl MR F g R e A3 M B G RF HF Bk g (27, 28) - COVID-19
BEA SRR R FLERE A(units)F L o B EAd HBL PR F
FHABERZFM T F B3RS (47) HFER FEUBERL F RZHASF Y

Z § Y BUE R 83200 ppm*E 13| 600 ppm (> s 3t e b 54807 L/s/persons 4 ¥

24 L/s/person) © SARZER ¥ 14 ﬂﬁ—iJfT}]%mi%’jb 14 % %&:@34 "E D E (146) -
FREHREY F A RER A RAPR T EFRE PR R R A
(EHIPRIAR DT - B b RBIZRE R ARG E ) ~ F oo s e F F
ﬂfrjszEfv AELo den F iEn (145-148) (BI4) ° WHO $.iti 3% 7 10 L/s/person=isd j
I (149) o i % B 35 ;¢ B 2 (high-efficiency particulate air, HEPA) » it 43 4 4

T
>9997%_§F E/,{-ﬁFl‘}.j_(—t/>03 um) s 4 'f.'_’vll 7 z;{;)‘g’& P ]Q_Z]Lr’} Eﬁm%% y A ﬁ {L‘f—%é’ﬁ
&fWJ&mEE#ﬁ%PEXB&ﬁwaOw?ﬁ&fnﬁﬁpB“\if%%ﬁﬁ¢m$g
s F R FER e @R F O~ chB Aok ' (93, 151) o — AL B & MH

Pl £ (Situ measurement)qfr;*ﬂa A 4 8 (Computational fluid dynamics, CFD) #ic#t - 2

BT gk A R AR KREARD RBR Y L EZT F B4 COVID-19 b & » 3E
FAFFOUR T A EAL DR GEF AR L SFEE (93) 02t ST IRIEEP
ZRerfedr AL R BT R Y R R L RA G BRI PR A 6
Foro Fa g et R BILFERDF Y fjpﬂ%?g%ﬁSchvz
g% (153)

‘rﬂﬂ'
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Contaminated air

Qutdoor air
\ s

Factors affecting distribution
of aerosols indoors

* Airflow direction pattern

* Ventilation type
- Natural
- Mechanical
- Hybrid

* Air filtration and disinfection
- Portable air cleaner with HEPA filters
- Air filtration in HVAC system
- Upper room UV disinfection

" . Natural
ventilation

WARFEZNZF QHeFE - VWA DESLE XL o) @ § B X §
D ra»‘f\':"}ji_;\ i RoEEAI L 3:‘7‘ ;ﬁ,}@fr,ﬂ&mg _,Ersg,g o

ZF MR L ehh G e b FenAp M LT 351135_% B3 g F $03] (Box
model)f- Wells-Riley & % #-3] (Wells-Riley infection model):& i := % (17, 64)

N
P:—:I— _Ipqt/Q
S e

e PERSAF NImPEApod S AR pvidk | Lg% 5%k g L2
(,&:ﬂfmﬂg) A Ak (Fo i) op IR BRMAEFF (M) th kR
PR (hr) Qi xR f & (mYs) o #-i¢ * Wells-Riley » 2 7R3 e * »0 £ B8
#7COVID-19 *+ JALFRE » £ ¢ - B e s plk g7 e $R 6L F 4 f ¢ 153
#] (= = &% % (secondary attack rate) 87%) - H ¥ BdilHmE Wk P L~ B
E N S ST 1 F*K%;ﬁ@r% o X REF (64)c £rAMY 6 Ha ﬁ”ﬁ
- PAFAFEMGF ;}z&xfﬁ e BNt (,%rééém?‘ﬂc (64) -
PRI R EET 7L b i b F 002 b SRR & B

{47 i+ F "% i ff (Deposition of virus-laden aerosols)

= _E_v}'.)»g\‘-’ﬁ :]}%% F R VR AL R o FE S
CAREfe FE 4 FFE (R F ERIEHE R g g /}3%?]

FBd B F e Bt FR ) 2 R F R o i L F B asg
e~ 'J‘i Ah L EPFNHF R DT F o Aok pd DRL G BT 2 [ AL R
LI RN R IRIOR | S L RuAZ R o A

B+ 100 pmeng BT Uk AR~ o T P e ] T A bixlg R
mAY - B E R @ 4540 1248 F (inertial impaction) /7t *# (gravitational

4%
By

N
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sedimentation) ~ # ¥ # 5z (Brownian diffusion) ~ # T /it (electrostatic precipitatio) {4 #
(interception) (154, 155) (] 5A) o & » pF > o 3t A dgiT4p fo/B R s wigf ¢ B R4 £
(Hygroscopic growth) » s » g 73 B e ] 7 i € 4 (156) o W<t L R §
(International Committee on Radiological Protection, ICRP) B % 7 — &1 45 £ 3% 38 2 4¢
FHEL] AR R R L f ) e (15T) () 5B) %% 5 umeng o
i &g e FIRE (87% 1 95%) - A R EREFfL S 0 (115) 5 G F
5 umeng B € ITH B 0 T e VoA LR B T IRT 7} [ERGC
(115, 157, 158) o # B i A% » $E4<0.1 pmado 4 § F {02 T 3# chd & jff 841
(78, 116, 159) - #F p R#FE R jmeng M7 v § W33 I F AL (160) o 4e % STH IR
Fremr o T G FR L o B RS- Ry .'m,.:m’?axiﬁlv\ Irl”ff'«‘f}%\i—a»-
BHAART GE® gl o d 0 F i A B SR frdkR PIRE o B F S P § B
[T av B L ¥ h3 e (161) o e g (4% 5 (Chronic obstructive pulmonary
disease, COPD) # 3% # Lﬁrsp PR F ke b oG ORI R0 3§ Rahg
fez 4 Benfm i o @A R0 v P4 Friz i (162, 163) - COPD R %
AR F BOTREE B FAToREL B LR AL FE U A (154) -

g LRERF R RS pA (Sum) o v E UGE N BT R RGE F TR G
TR o AR B ek gpit > SARS-CoV-2 s A R (R 0 X2 oA AT
R PR LK (1645 165) o Ted ey B A enR e e T LU R ahdk e
PR FIZP R AU R R BT FRS o kA o

-EH

. =
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A
Y
2
= € Nasopharyngeal
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EAMK Y 2 F G- %&ﬁag@iﬁ@®%ﬁ—ﬁ¢&ﬁﬁ%ﬁaﬁ
LEAFSHL T RS DF R HE L o z@ﬁuiﬁﬁiﬁéiﬁ’*m%&fifq
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MR RP LR FRBFRER 5L .E%ﬁvm%}é;%,._ill\ frx ot £

AP - ZPRGBFEAAF DAL E IR RIET 2 F BHOL R (63) i
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SARS-CoV-2 ¥ #id Az § * 84 -

BATAM S E mA DR F 0 FR- AL 25 07k kAR B0 (2
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£33 4y 24 SARS-COV-2§ 50 5§ @32 4% 1 A RIEMrE IERN £ B0
RIS EE SR
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