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" Mn: 350
Fig. 9 MAD system: CO: concentration map (ppm) close to a
person at 4 time steps of a breathing period (t=0s (A), t=1s (B),
t=25(C), t=3s (D))

ﬁaazusu%

Mn: 350
Fig. 10 PAD system: CO: concentration map (ppm) close to a
person at 4 time steps of a breathing period (t=0s (A), t=1s (B),
t=25(C), t=3s (D))

Mn: 350
Fig. 11 UFD system: CO: concentration map (ppm) close to a
person at 4 time steps of a breathing period (t=0s (A), t=1's (B),
t=25(C),t=3s (D))
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2) ROGER CHANG. Historic Theaters and Their
Impact on Air Conditioning Today. ASHRAE
December, 2019. Pp.44-53, 2019.

Z OFE#E L ASHRAE125 JA4EORBI %R TH
D, BREREZEIE S R T A DLEEIZ W TR T
% (X¥2),

Journal,

Figure 4 Carrier Theater Cooling System. An early diagram of Carrier’s system for air
distribution for a theater. Source: Historictheaters.org

Figure 5 Return Air Bypass. This diagram from 1928 showed a return air bypass
strategy that became dominant in providing cost-effective humidity control in 90% of
theaters during that era. Source: Air-Conditioning America / Refrigeration Engineering,
15, May 1928
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Theaters During the COVID-19 Pandemic?
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Article 637277.

https://doi.org/10.3389/fbuil.2021.637277. 2021.
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TABLE 1 | Parameters of each working condition.

Case no. Supply air state Position of the
infected person

Case 1 Fresh air + return air without filtration R1L10

Case 2 Fresh air + return air with filtration R1L10

Case 3 Al fresh air R1L10

Case 4 Al fresh air R5L10

Case 5 All fresh air R10L10

Case 6 All fresh air RILS

Case 7 Al fresh air R5L5

Case 8 Al fresh air R10L5

!

=]
oy

e
o
"

L% %7

o]
<
rr

Probability of infection (%)
m m
wn E S

[ Not wearing masks

1E-6 |
1E-7 | %
i Bl W caring masks

1E-9 1 L 1 1 1
Case3 Case4 CaseS5 Case6 Case7 Case8

FIGURE 12| Probability of infection when wearing or not wearing masks
for Cases 3-8.
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WHEHE - A RTA % 7TO%TF, ZhEno
B4 2 NEICOWTIHICE L 5,
1) Standard 62.1-2019, Ventilation for
Acceptable Indoor Air Quality
- G A O RE~ D B A B/ NBICHN R 5
FERNZELRE (TAQ) zZ#fkTHZ L4 HAE L
Tef/ N DR BB L OZE OO FEEZEET
LHZEHHBE LB D, Tﬁ?\jﬁi()\ﬁ’dﬁﬁ@
VAT LD, RO EER L
W5,
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DI E 6 X OVGYIRIC BE S 5 BN &
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cBEMOMBTHT I s, EmEAE
T L DB KE, REEH Y OBV E
ZEZBDY FAPRINTVND
-« # 312, AUEARTL Table 6-1 £V ?ﬁ*ﬂ’y L7 BT
LicEET oL ENREE RT,
Appendix (2, Z# 5 Dk O LEAVK EE A
E LIRS & T b, BLFIZn S 29y
DY T 5,
Music/theater/dance : fii & DIEFE)NIT & < |
FFICHFEZHLTND I EITMAT, MY
DHEWGFEER DD D, ZERIZEES 5 HE KA
AL/ AN
Cafeteria/fast-food dining : ffi & OIEEh X
PREE (Lo, FT. BRD, T — 7 A fRbE
T2) 0 WS TWARWIHERE H R 23 K &
WZHFET D & ZE2fl ’Fﬁ‘ﬁﬁ"é?ﬁﬁ%%g@ v
NIV 7R D, BT 2 RAR DRI
ZDOZEMDOZERET 2 TSN D,
Disco/dance floors : i H#F OIFENILE <, 2°
Y ORMBEEE N DD, < OHE. MR
WOBRODA—T R RHY, HAEIC
B % i LV DTG Y E R AT D,
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Game arcades : JE{3:H OIEENIHFEE (D
SEo, B FET, BRide), AT U
RRAW) ORI, BT & L~ DIH )
BaRET 5,

« £ 3 @ Air Class 3K fEa% 2B R S L5 28 5E

ZIELIZHDTHY , LT D 4 BERIZHS

N5,

7T A1V AGY W ERREE DMK < | BRI R
PR . RRAR N D 7R NZER,

7T A 2 MREEE DG YL BIR L | B DR
RS | £ TR E ORI BN DB 522
>_<&o

7 T A 3 ARG E IR, BRG]
BARE, ERIXEROH DH2ER

7 T A 4 FERTARPIR R A E TV TR
ESJ AN YA SN i e =y = ) = el
TR %GR AEE LR INDDIT 470k
JE D225
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fiE A RS & 0 HAS KR A SIS 5T
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& 3 BUYTIHICREE T Dl O EANV R (Table 6-1 K04

People Area Default

Outdoor Air Outdoor Values Air
Occupancy Category Rate Rp Air Rate | Occupant Class 0S

Ra Density

L/s/person L/s/person | #/100 m?
Educational Facilities
Music/theater/dance ‘ 5 | 0.3 ‘ 35 | 1 | v
Food and Beverage Service
Cafeteria/fast-food dining ‘ 3.8 | 0.9 ‘ 100 | 2 |
Hotels, Motels, Resorts, Dormitories
Lobbies/prefunction | 3.8 | 0.3 | 30 |1 | v
Public Assembly Spaces
Auditorium seating area | 2.5 0.3 150 1 v
Museums (children’s) 3.8 0.6 40
Museums/galleries 3.8 0.3 40 1 v
Sports and Entertainment
Bowling alley (seating) 5 0.6 40 1
Disco/dance floors 10 0.3 100 2 v
Gambling casinos 3.8 0.9 120 1
Game arcades 3.8 0.9 20 1
Gym. sports arena (play | 10 0.9 7 2
area)
Spectator areas 3.8 0.3 150 1 v
Stages. studios 5 0.3 70 1 v
Swimming (pool and 2.4 2
deck)

2)Guideline 29-2019 -- Guideline for the Risk
Management of Public Health and Safety in
Buildings

S KOOI T 2D Y RS &
BT 2 72D OXPROFHM, 5XEr. 6 LU
DIZDDIA F A,

CZOHA RTA v DERMBITELR, BY. K
NEFEN, B (extraordinary) X2 M2
3. KL HUER, AR K OVEM T RIE O
i, B, O RE RN G END,

- B HE O L eI EE 5 2 D8 MO
PERE. D F VALY, AEWFR. B K OHUH#R
09 (CBR) PPk, PRFE, g, 2250E
R E DRI OV THFE LS
NTWn5,

3) Standard 52.2-2017, Method of Testing

General Ventilation Air-Cleaning Devices for
Removal Efficiency by Particle Size

s BiAH A XAOB% L L CLERPEEEEE OMERE
95 72D OFRBRFINEZ R LIz b D, K-
A XL DREDNREZFHET D120, 2250t
FRAERE O it & T CIELAE 0.30~10pum Oy
WAah o ML HELRIATND,

- RBRZ ST 5 7o DI LT ER O TERE - fLER
BLO BBRT— 0o GO NTREREFHET
LHELRIATVD,

4) Standard 180-2018 -- Standard Practice for
Inspection and Maintenance of Commercial
Building HVAC Systems (ACCA Co-sponsored)

© FEEEVTEIA FREZR B PE M, =L —
R, BIOENEREZERLT LV AT LD
RE) ZHEFF 9~ 2 72O DI/ NRD HVAC & 27
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5) Standard 188-2018, Legionellosis: Risk
Management for Building Water Systems

CHTELR L OO, B, EAEE, ¥
DE LT ICEES S (BB L OESH)
KT AT bk LU SE DRk AT, 2k, HH
RFEHDO IO DRNRO VAR T Y X7
EHEMAZRLTWD (—FRETERITEER
V)

6) Guideline 12-2020 -- Managing the Risk of
Legionellosis Associated with Building Water
Systems

B DI L RIFRIC ATV AT 4 AL B,
Z DD~V T Nk & e Hi gt L OBE
ok, W, £6EE. TENORD O
KEATHDZBTH, LIFRTREHOEIICH
TAHHEREE LD TND,
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T, VLOFRTHEOY 7Y v 70BN
SUSONEY (GAYS

7) Indoor Air Quality Guide: Best Practices for
Design, Construction and Commissioning

- D@ Standard 62.1 TG LT HHEM. HE
HEMIZET 5 TAQ ITOW T, RFHE O
FEHZTTERL, AL, 23
7R BRI iR s BE S~
WEELOITANT 7,

- Objective & L TULFD 8 D& ZIF T\ D

(DManage the design and construction process to

vyva=r

achieve good IAQ
@Control moisture in building assemblies
(®Limit entry of outdoor contaminants
@Control moisture and contaminants related to
mechanical systems
(®Limit contaminants from indoor sources
©® Capture and exhaust contaminants from
building equipment and activities
(DReduce contaminant concentrations through
and air cleaning

ventilation. filtration,

®Apply more advanced ventilation approaches

- f& L7z Theater |Z31F 5 Z25VE O AL & 38
THFEELT, T~ NI L5 CO:
EE DI DN T OREFIDPFI S TN D
i) US EPA o #iil
Toxic Substances Control Act (TSCA): Persistent,
Bioaccumulative, and Toxic (PBT)

KEOBRERHET (EPA) (X, 202141 A 6 H
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e (PBT WHE) . ”*%E%@ﬁ?é@%
(product) ¥ X UREIEA (article) DHdE, HiL
kiU%%%mL%%ikiU%@¢éﬁ%ﬁm
InF LT,

i) [N O STk

1) HE— : SEAMEOENZEKE SN BT 2 A
WH9E, A ARERGUFSBREL Rim U4, No.597, pp.89-
96, 2005

2) HE— HWIMZ BT D ENZERIHL OB &
RIHR, AETE#E, Vol.54, No.2, pp.116-127, 2010

EREOSCEIZ BV TR AR 50TV 2 KE O HA
Bk A LR I D,

[7 AU ATE, FLALAT LT E L VOCs D
FREHEA R E STV, (EEOFHETITE
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7
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actions2/who-guidelines-for-indoor-air-
quality-dampness-and-mould
FENOILSR LAY (FRCEEH) OBIHIZHE
O DRI OV T, i CE 2 b & Lz
BHEERREILD L B 2 —2MThh TR Y | #K%E D
TR EHRIENC B+ 2 TP, R oY
PRI R STV,
@WHO KM FH# R Guidelines for indoor air

quality - selected pollutants (2010)
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FENERBEIRDIEFWE R E LIc A R
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Indoor air quality control act (2016)
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3.0um/m3 | 244326.98| 136279.88 1.79 0.08
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AL GCMS & iV 722250 R O VERR AT HE L 201 BT 2 SR/ ST B O
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e =
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Tablel RS

£1 KA

é=xz BEAR M.W.

SVOCI3p A IZHE RS 1 Dodecamethylcyclohexasiloxane 444
B! 2 Butyl hydroxy toluene 220
3 n-Hexadecane 226

4 n-Eicosane 282

5 Di-n-butyl adipate DBA 258

6 Di(2-ethylhexyl)adipate DEHA 371

7 Di-ethyl phthalate DEP 222

8 Di-n-butyl phthalate DBP 278

9 Di(2-ethylhexyl)phthalate DEHP 390

10 Tri-n-butyl phosphate TBP 266

11 Tris(2-chloroethyl)phosphate TCEP 285

12 Triphenyl phosphate TPP 326

13 2-Ethyl-1-hexanol 2E1H 130

BN 14 |Tris(1,3-dichloroisopropyl) phosphate TDCIPP 430
15 Triphenyl phosphate TPHP 326

16 2,2,4-Trimethylpentane-1,3-diyl diisobutyrate TXIB 286

BFR&NBFR 17 4-bromodiphenyl ether BDE-3 249
18 2,4-dibromodiphenyl ether BDE-7 328

19 4,4'-dibromodiphenyl ether BDE-15 328

20 2,4,4'-tribromodiphenyl ether BDE-28 406

21 2,2" 4-tribromodiphenyl ether BDE-17 406

22 2,2"4,4' 5-pentabromodiphenyl ether BDE-99 564

23 1,2-Dibrom-4-(1,2-dibromethyl)cyclohexan DBE-DBCH 427

24 Pentabromobenzene PBBZ 472

25 2-ethyl-hexyl tetrabromobenzoate EH-TBB 549
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®2 IHTRIE

TD& | Fa—ThhiReE 250C
Fa-—JFv-TJHE 60mL/min
Fa-IFV-TEH 10 min
v TniliRE 10C
rS v I IsEE 2507
rSwIFU—TJ M 5 min
[l A L
HEE TENAX-TA
FSvITE TENAX-TA (PN S5225-23328-41)
JULTERR 2507C
SR IPSARE 2507C
T34 HEE 2507
pEiEE -
Fi1-—THREEE 35C
Sy IJHREE 35°C
GCE | ERASL Ultra Alloy-PBDE
2 15m P4 0.25mm EHEEE 0.05um
NS LEE 50°C(3 min)—20C/min—3007C(3 min)
FyrUFHR He
F UFHA BN Eh—E
AOE 50 kpa
EARE ATUw ik
AT Uw 10
MSER | AR 2307C
A —J1—RE 300C

HEE—-F
FEEERUE-—Y1A4
o A B

-« A zAbiE

T=w.3 28R

FAAST(Z >, SIM [FEESAIE)

my/z 50-1000 EZH-1 AL Insight LR— REEEBEZEN
A%+ > 0.15sec,SIM:0.155ec

B/F A2k (ED)

60 p AMEEE—F)
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& 3 oHTRER (B —2mi)

ID A=x7EA STD BL1 BL2 25°C_12L 25°C_48L 25°C_12L 25°C_48L

1| 2-Ethyl-1-hexanol 327858 8752 9062 700267 | 1180956 | 2978107 | 2568302 | 1692764 | 1009232 | 3759880 | 4069831
2 | Dodecamethylcyclohexasiloxane 347564 - - 136530 | 229410 | 451305 | 404707 | 441010 | 288145 | 844467 | 953882
3 | Butyl hydroxy toluene 346640 - - 2313 6302 10957 11674 31277 22833 83862 | 115761
4 | Diethyl Phthalate 441553 1547 5277 6324 9428 28438 22584 33788 24013 95892 | 120460
5 | 2,2,4-Trimethylpentane-1,3-diyl diisobutyrate 693134 841 485 526575 | 868992 | 2198535 | 1924359 | 1911506 | 1138671 | 4284752 | 4666404
6 | n-Hexadecane 464415 1676 918 24921 41397 | 115980 | 97255 | 121469 | 78258 | 307489 | 364211
7 | Tri-n-butyl phosphate 114416 - - 869 1779 5033 4895 7052 4510 24047 30115
8 | 4-bromodiphenyl ether 30149 - - - - - - - - 1468 1993

9 | Tris(2-chloroethyl)phosphate 84755 - - - - - - - - - -

10 | Di-n-butyl adipate 225314 - - - - - - 1620 1474 6372 10025
11| 2,4-dibromodiphenyl ether 46729 - - - - - - - - - -

12 | 1,2-Dibrom-4-(1,2-dibromethyl) cyclohexan 462954 - - - - - - 1037 710 2516 3425
13 | Di-n-butyl phthalate 824141 | 17305 15940 | 117886 | 189206 | 398467 | 369054 | 539072 | 325438 | 1215155 | 1289902
14| 4,4'-dibromodiphenyl ether 42595 - - - - - - - - - -

15| 1,2-Dibrom-4-(1,2-dibromethyl) cyclohexan 91830 - - - - - - - - - -

16 | Pentabromobenzene 62098 - - - - - - 110 54 160 179
17| n-Eicosane 458706 3006 573 8147 13790 37154 33559 56927 32589 | 135108 | 137332
18| 2,4,4-tribromodiphenyl ether 15840 - - - - - - - - - -

19| 2,2'4-tribromodiphenyl ether 16597 - - - - - - - - - -

20| Tris (1,3-dichloroisopropyl) phosphate 93310 - - - - - - - - - -

21| Triphenyl phosphate 2315105 - - - - - - - - - -

22 | Di (2-ethylhexyl) adipate 349122 - - 4135 10001 28309 27497 53703 32305 | 140053 | 164013
23| Di (2-ethylhexyl) phthalate 468075 | 23888 12926 83344 | 151557 | 208958 | 182490 | 388824 | 248938 | 899664 | 1047815
24 | 2,2',4,4' 5-pentabromodiphenyl ether 8079 - - - - - - - - - -

25| 2-Ethylhexyl tetrabromobenzoate 1757162 | 2281 297 3086 4005 1024 1093 2600 5613 1824 1739
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= 4 EMELSHT O/ R

. . . E—2F—7"n TIC
B (REFERRE  E-0BREY E-rEsT il {LE
1 1.162 1.005 1.305 103200763 Nonane
2.031 1915 2215 0079209 I-Hexanol, 2-ethyl-

3 3.994 3.945 4,090 1165254 2,5-Dihvdroxybenzaldehyde, 2TMS derivative
4 4.336 4.305 4,435 1690929 Benzothiazole
5 4.506 4.470 4.540 488984 1,3-Dioxolane, 4—ethyl-5-octyl-2,2-his(trifluoromethyl)-, trans—-
fi 4.572 4.540 4620 2566428 Cvclopentasiloxane, decamethyl-
7 4.726 4.620 4.785 1688171 Dodecane
& 4,893 4.845 4,930 528657 Eicosane, 3—methyl-
9 §.261 5.230 5.295 GR0569 Heneicosane, 3—methyl-
10 5,366 5.295 5.390 1093408 Dodecane, 2-methyl-
11 5.412 5.390 5.480 1568189 Undecane, 2-methyl-
12 5.505 5.480 5.560 2000804 1-Nonadecanol, TMS derivative
13 5,668 5.615 5.700 3952145 Tridecane
14 A.808 5.765 5840 541072 2-MNonanol, 2-methylpropionate
15 5.972 5.950 f.015 427667 Propanoic acid, 2-methvl-, 3-hvdroxy-2,2, 4-trimethvlpentvl ester
1 6.065 6.015 f.115 1139706 2,4-Dimethvlpentanoic acid
17 6.141 6.115 6,190 3490822 Cyclohexasiloxane, dodecamethyl—
18 6.313 6.290 6,335 1065714 Dodecanal
19 6.364 6.335 6,395 4642897 Nonanoic acid, 9-oxo—, methyl ester
20 6.425 6.395 6,480 1697103 Tetradecane
21 6.615 6.590 6.655 910274 2,5-Cyclohexadiene—1,4—dione, 2,6-bis(1,1-dimethylethyl}-
22 6.695 6.655 6.725 620141 4-[(Z1-Hydroxy—2-(4-nitrophenylethenyllbenzene—1,3-diol, 3 TMS derivative
23 6.749 6.725 6.765 1045742 2,6-Di-tert—butyl-4-hydroxy—4-methyleyclohexa—2,5—dien—1-one
24 6.789 6.765 6,840 4121562 Methyl 10—oxo—8—decencate
25 T.086 7.060 7.115 451338 Hexadecane
26 7.309 T.280 7.335 1957382 Cycloheptasiloxane, tetradecamethyl-
27 7.530 7.4895 7.570 7277198 2,2, 4-Trimethyl-1,3-pentanediol diiscbutyrate

28 7.628 7.570 7.650 446056 Tetradecanal

29 7.700 7.650 7.745 1029797 Hexadecane

a0 7.796 7.7585 7.820 470940 Benzene, (1-butvlhexadecyl)-

31 8.001 7980 8.020 469177 7-Hexadecenal, (Z)—

a2 8.040 8.020 8.100 1165000 1-Tetradecanol

33 8.128 £.100 8.145 437913 Benzoic acid, 2-ethylhexyl ester

34 8.217 B.145 5.250 964045 Heptyl triacontvl ether

35 8.275 8,250 5.295 763160 Heptadecane

36 8.321 £.285 8.390 4411504 Cyclooctasiloxane, hexadecamet hvl-
ar 8.420 §.390 8.460 437888 Benzene, (1-butylhexadecyl)-

38 8.572 £.550 H5.615 630711 Butyric acid, 2-phenyl-, dec—2-vl ester
39 8.728 B.705 B.765 644557 5,6,11,12-Tetrahydrodibenz(b, flazocine
a0 H.819 H.T65 B.845 1172996 Hexadecane

41 5800 H.B45 8.935 748575 Tetradecane, 2,6, 10-trimethyl-

42 9.137 G095 9.170 1392036 1-Hexadecanol
43 9.197 9.170 9.250 2385100 Cvclononasiloxane, octadecamethyl-
44 9,399 9.250 9,445 25016450 Hexadecanoic acid, methvl ester

45 9.832 §.795 9.870 396707 Heneicosane
46 9.984 9.955 10,015 1289125 Cyclodecasiloxane, eicosamethyl-
47 10.192 10.165 10.235 936620 9-Octadecenoic acid, methyl ester, (E)-
48 11.065 11.035 11.115 1378693 2,5-Cvclohexadiene—1,4-dione, 2,5-diphenyl-
49 11.474 11.435 11.520 510760 Hexanedioic acid, bis{2-ethvlhexyl) ester
i 11.998 11.950 12.060 2553662 Bis(2—ethylhexyl) phthalate
208753600
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K1 RIRDKDTEFEEHELAL 39590

Evaporation time Te(sec) Initial diamater ry (um) Decrease rate dr/dt ( um/sec) Reference
0.001 1 17.20 1)
0.08 10 5.64 1)
0.8 20 4.03 2)
1.3 40 2.88 1)
2 50 2.59 3)
24 200 1.32 3)

1) W. C. Hinds, Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons (1982).

2) Morawska L et al.: Size distribution and sites of origin of droplets expelled from the human respiratory tract during expiratory

activities. Journal of Aerosol Science. 40, 256-269. (2009)

3) Xie X et al.: How far droplets can move in indoor environments — revisiting the Wells evaporation—falling curve. Indoor air. 17: 211-

225.(2007)
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