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F1E Jrim
1.1 ZEUIR R L ENESIRERGT

—fkic, EN_ELRFE (CO) BE IR ANFHROTGEME %MK THE (Figl-1) L LTHVS
n, HHEICHWTD, Pettenkofer "VIC X o THEE T 1172 1000ppm FEHEDSH N2 SERBIRL GO HiFfE & L
TINTn3,

Z D70, NAFERMEE, Hic X 2ERYE O FAE 7R CRPR IR C OB YR % B L v —i%
7 i O RKE TOMERFREFGHC B W TIL, COURERZ oM H-o T2 F2x 5. Fric, HHFE
DELHE L VEIGLHED X ) AEEICE VT, HERKEOEEL L UEFICAEMCAAI L Tw 3
1-2)

CORSE % #aski g TRl 3~ 2 ICIZTEREH © COMHEEZ THIT 2 0ERH Y, Z 0K ITEHNZ S ERE
T o TREARBEKERID. 7, BEOEFHAMENEHNWE LEEZEomRAEicky, B5icX 2
ERERIHOEEEIRR I T ETEE o TND,

FRE, {KIRSICHE S Sick Building Syndrome (SBS) DéfN7: L {EFENRE S CEh 29, fEEL
LCTD COME L RE DN B 75 EWPREEIR & OB b s T T3 1567, ZDofhicd COHRE & 71
FEHICNT 3 EEE L ORI LRGN TWE 1D (Table1-1). ¥72, #AEMTICH VTS CO
JEHE PN EEAAE®E D, RO RHERMTTHZ bL—F—FRETIE 19, AMELLHET S
CONFEEMERIEHFBEOFH L L —F —H 2 TH Y, ABEAFHAEICL > GEFICEMNZLELLNT
vy 5 1—10)_

5, WEEOETIE, HEIEELE LTtk dMibh COoc L 32 AMEEZEICO LT MEI N TY
5. 1K, COREIIH TTHIETH Y, ENEREICE T 2 I L~ (5000ppm AKiii) D CO2IC
FABEE IRV EEZLNTE /., L2 L, Eliseeva b, COJEED EHIC X 0 23% L, KIKEE
DELIEHCHEL R O Nz LW L D, /2, IBFEOHFTICE LT HE 12 IR T Y HEAEL <
VDRI 7R COMRETEIC X 2 3RFIBES) DK T % ETCO,, /UAEI DM A HERR X a7z, RHNRES) 23S EAIFE R
~ D FZET A A FEME L TR I B 2 S TAREED B ), 2D &b b EN COHRE Dl &
T FHEZE T X 3.

ZDXORBER»L, ENERREXICEOTHOEN CORERIEzI RO ONTED, 20728
I, EEHO COMEBTHORER EAALRTH L. £ 2T, R TIE COMHETH O EREEE,
EREE L Z HIE L, COMIBSRICEE T 2 3i#, MatDn7z0 3 D ofBa#EER b ONC 1 D ORUEMNT %
FhE L 7.

400 ppm 800 ppm 1000 ppm 1500 ppm 3000 ppm 5000 ppm
CO, | CO,
level level
Low High

P LEIRED FREOCET  SuonHREREOEM
= RIFGNASVR  BEOHRIEROEE
H2ZME HARAEEE

Fig.1-1 —#%f) 7% COLRAEIC X 2 2PN 22 SV E AT



Table 1-1 {KEEIR COEN COEE & AAFEE D HEERER

AN 3 FHBABILR
Norbiack et al, 355 4 SO a2—2HE (FH# 100ppm O CO:JE EAIZ XV 3RS A EICHI (#iPH : 674~1450ppm)
2008112 R RBRENT 2 HE=E)
Apte etal., 2000 1579 A7 ¢ AE/L 33 8 (BASE*D— ) CO-EE 800ppm LA F OFEMIZI T, AKIRE & DZEA 100ppm EFH-T2
Erdman et al, 2004 ) L, HDHWIE, BRI E DFED 250ppm LH4 25 LOREAITT & T ROEERDAE
14) Lv J:}E'f‘
Tsai etal., 201219 111 — A7 4 A CO2 I 800ppm LA FIZ3W\ T, IR~OFIE KO EXGERER O HM
Lu et al., 201510 417 87 T D—MA 7 4 A 100ppm @D CO:JREE B OMVREERNFEIOE) ITK D D LDk, HEK, %

WEAEICEMR (FPH : 467~2800ppm)

MacNaughton et al., 24 —f% eV (CO2:1000ppm) , 2>  COxIEE 1000ppm (2B WT, DB OFER EFC, %08 - B - HEER, 58,
201617 DT Y —rEN PR - RO S OSEIR O B A BN
Vehvildinen et al., 4 Eay CO2 2 900ppm (Z L~ 2700ppm TiE, MLH CO43EN 18% E&., LSO
2016'-18) b, REEMLEIEER DM (3 £5) .
Shriram et al., 2019 8 FEBRAY — 7 A_— A CO: iR (380~3000ppm, 4 &) D EFICHEVEE FEVL (1 B INRE) N F
19) FAZWA, FVC (BTG ) 23R Cibd
Mishra et al., 2021 15 PN (7= 900ppm & HLAMEHASUZ KD 1450ppm S:fF:IZ3 T FEVI, FEVI/FVC, PEF 2" H &

(2P

T (EPA) 7231994 4£7> 5 1998 4F1C 2> 1F THEJi L 7z Building Assessment Survey and Evaluation study!-!~23)
1328 2 MR CO% 1A L CIREE % il
& 28 Z R 7 il



Table 1-2 (KRR COMME COMREIC & 5 MEHE IOV TOE

NS FBRGA UNSZ

Kajtar & 10 140, 210 ZEER=E CO - & 600, 1500°, 2500°, 3000°, 600 vs.5000: ZE5/E D FEIFEAM & Pt DT, KR5S 77,

Herczeg, 4y 40002, 5000° ppm PR &, RRUR IR O, 600 vs. 3000, 4000: ZE5VE O F BT

201229 A, R AOET, JEIFEDO ESF-. 4000 vs. 1500: Z22KE D
TR D 15

Satish et al., 22 25FEMIX A7 0 AqR COREFE 600, 10002, 2500°ppm BRRENRT =~ ZAOIET (600 vs. 1000: 9 HHH 1 6 THH

2012129 3 Fx N— THEIZKT, 600vs.2500:9 HHH 7 HH THEIZHDOKRIE
IR, 727201 of“rmi)

Allen et al., 24 525 BFff] 47 ¢ 2% ERE VOC, KIEE VOC, MK COBED FHICKY, B>\ T 9 HAF 7IHA T

201620 X6 H F ¥ > 73— VOC (CO::600ppm) , HHa5IL VOC %@x:Twﬁ/y it K, CO2, TVOC [XZNZEHMANL LT

(950°ppm) , FEHAKAL VOC (1400° FRAFEREIZRESE. CO- IR 400ppm DEANIFRINIA 27T 21%
ppm) D & FHES.

Allen et al, 30 3WEHIX3 7T 4 ¥ CO:{REE 700, 15008, 2500%ppm TIA R aL—FTO FAA O34 1y MRBREICE D

2019127 Ial—4% BERET 2 P ORER, EIRESMEICTABRMET

Zhang et al., 25 2555y X5 AT LA CO-: ¥ 500, 1000°, 3000°, 1000°, 7 > 7— k& X A7 DFER, 3ooobppm ST BN TR ZER,

2017129 F ¥ > 73— 3000°ppm EOMET, F728EE, B, IRE, EEORYES AR

Zhang et al, 20 il il il 500ppm Z&ft & b~ 30007, 10000, 3000°ppm S:f4: Tl ETCO, 73

2017'29 AEIZHEIN. £72, 3000°ppm S Tld LR KRN A EIZ

WD, DO PEEMIME A A E I ER. & 512, 30002, 3000°ppm
ST OB A EIC RS-




1.2 O FHlET

BEMEE LT o2 FlleT A3 kLI CEh, RFWARD D& LT ASHRAE Handbook' -+
ASTM DS 6245'30ICFE#E X L5 2 DD ETADZETF b s, 1S0 8996301 b & 415 ASHRAE Handbook!
D E 73 Nishi 3D RHHE O REER (1-1) iIckEonTs Y, REHE M[Wmi 2 EEEEE Vo, [mL/s], W
WZRd RO (COFeE = & WERIHE B O, —MIICH 0.85), ARREE A4 (M) 5 TFHIL T3, 72, (1.1)
EPFIRRGIC X o TR (1.2) DX 5 ICEHT 3 2 L TE, COMIEE Veo, [mL/s] % (RHE, WP, (A%
BIZX>TCFHIT 3,

21(0.23R0 +0.

Yo ( Q+0.77)Vy,
Ay

AM
V. =R d

co» =RY 21(0.23RQ +0.77)
22T, RERIEES OWIRED HEE L, (REIRIZ DuBois © FHIR 92 llL-CHEES 2 € LAt
%%, BRGEE)E TR OXIGE BV % Table 1-2 IZR~ .

(1.1)

(1.2)

Table 12 Hii€ D BIAEE)IC 313 5 {LHHE 13D

Activity Metabolic Rate [W/m?]
Sleeping 40
Reclining 45
At rest, sitting 55
At rest, standing 70

Walking on the level, even path, solid

1. without load at2 km-h! 110

at 3 km-h! 140

at4 km-h! 165

at 5 km-h! 200

2.with load 10 kg, 4 km-h! 185

30 kg, 4km-h"! 250

Sedentary activity (office, dwelling, school, laboratory) 70
Standing, light activity (shopping, laboratory, light industry) 95
Standing, medium activity (shop assistant, domestic work, machine work) 115

Work on a machine tool

light (adjusting, assembling) 100
Medium (loading) 140

Heavy 210




—7J7C, ASTM DS 6245393 Persily & Jonge O3 3icHEonwTH by, K (1.3) X H COMHEE Vo,
[mL/s]% Tl 3 5.

Veo, =0.569RQ- BMR - M (1.3)

Z Z°C, RO IZMLRE, BMR [MJI/day]l3 FEEEMGHTR, Mmet (HEXJT) 1d BMR IR 2 BAEB)IC X 284K
WHEOLTH S, BMR 1% Table 1-3 12773 Schofield 39D FHIA 2 W CHEE S5, ZHic Xk b, ASHRAE
Handbook ") T3t & HAIEEI TD & COM-HEZ FHIL TW 72Dkt LT, ASTM DS 624530131515
FERIC X 2R A EEL, COMEEZTHIT 22 &8 TE S, 72, M3 FAO D5 E 19T D PAR (Physical
activity ratio) ICHH24 L, Table 1-4 @ X 5 ICHIREE 2 DHEEINE T, H 2 \0id, BARIGEENCN 3 2 EE) 0
FEoE| ) Y Cr b2 2L #HMWE L CHFE X N7z Ainsworth HI1I2X 2 Web _—ZXDfEE 5D X b
Table -5 D X ICHEET 2 Z e TEE T,

Table 1-3 P51, s, (REITH-D 72 Schofield! ) D IEFERH I (m [ke]IZ{AE)

Age [y] BMR [MlJ/day]
Males Females

<3 0.249 m —0.127 0.244 m —0.130
3t0 10 0.095 m +2.110 0.085 m +2.033
10to 18 0.074 m +2.754 0.056 m +2.898
18 to 30 0.063 m +2.896 0.062 m +2.036
30 to 60 0.048 m +3.653 0.034 m +3.538
>= 60 0.049 m +2.459 0.038 m +2.755

Table 1-4 FAO 5 19912 B 1) 2 B4 7 B AT BIFED PAR
Activity Males Females
Average PAR  Range

Average PAR  Range

Aerobic dancing - low intensity 3.51 4.24

Aerobic dancing - high intensity 7.93 8.31

Calisthenics 5.44

Child care (unspecified) 2.5

Climbing stairs 5.0

Dancing 5.0 5.09

Eating and drinking 1.4 1.6

Housework (unspecified) 2.8 2.5t03.0
Office worker—Filing 1.3 1.5

Office worker - Reading 1.3 1.5



Office worker—Sitting at desk 1.3
Office worker—Standing/moving around 1.6
Office worker—Typing 1.8 1.8
Office worker—Writing 1.4 1.4
Reading 1.22 1.25
Sleeping 1.0 1.0
Sitting quietly 1.2 1.2
Sitting on a bus/train 1.2
Standing 1.4 1.5
Walking around/strolling 2.1 2.0t02.2 2.5 2.1t02.9
Walking quickly 3.8
Walking slowly 2.8 2.8t03.0 3.0
Table 1-5  Ainsworth & OfEE BN BT 284 R FIRIEEIL ~v (M)
Activity M [met] Range
Calisthenics—Ilight effort 2.8
Calisthenics—moderate effort 3.8
Calisthenics—vigorous effort 8.0
Child care 2.0t0 3.0
Cleaning, sweeping—moderate effort 3.8
Custodial work—Ilight 2.3
Dancing—aerobic, general 7.3
Dancing—general 7.8
Health club exercise classes—general 5.0
Kitchen activity—moderate effort 33
Lying or sitting quietly 1.0to 1.3
Sitting reading, writing, typing 1.3
Sitting at sporting event as spectator 1.5
Sitting tasks, light effort (e.g, office work) 1.5
Sitting quietly in religious service 1.3
Sleeping 0.95
Standing quietly 1.3
Standing tasks, light effort (e.g, store clerk, filing) 3.0
Walking, less than 2 mph, level surface, very slow 2.0
Walking, 2.8 mph to 3.2 mph, level surface, moderate pace 3.5




Pl Xsic, BRI 22D COMEBETFHETABREIN TS, LaL, EECEFL0WL 20
DOWFZEIE, WERHEEIC L > T COMHEBAMEL, BMEOTHIETL L OMAERREL T E 184D F
72, TUHDOTHIET VI COMHRATEEHFAG OIREN 2T A =200 DATHL T2, IESE
WZESERBESM I X 2TEEE ~ DL COMINE, RHE~DEENREI N T2 (13 2H). Zoi
O, MEOETLTIFERL TOARWEEL R E COMILE L DBIRZHFHEL, #H7-7k COMHETHlE
TIVOFARPUETH 5.

1.3 CO ML E & ENERIELME

R L7z &Y, IMFEENELSIRBERMFIC L 2 EEE~OEL COMME, RHE~ORENWE &
NTws, MRES LUEN COHNRE L TEEE~DOFEDOBRICO VT 1.1 TR~ 7,

5, FENREEREE L CAWRESFICEH L2%Ed 5. Tsushima & D3 AKRFEAETFRYIE
(bioeffluent) IC X 2 ENZERE~DOMEX AL 72, BRE L, hOBRE S RRIEERET2 DD R
72 BIRFESM: (23, 28°C) ICRFBINLT v v N — DL & L 72, ME~DIRFEFE %Mz % /-
%, WERHE D3RI 2 22 5UL R Ui ICHIH & 7z, 2 of5HR, BRE 1L th o PR O BREEIR L N E VR,
A% m  §F-li L 72, Tsushima & (&SR SFIC X o TABRKRAEFYE O B E 2380 L 72 v REt: % 1R
L, B GBI ~ AR T, BWAPEKICE 53 b & CO2 &0 NMEREFRYE O E%
BmE ez LRt 72z, LA L, Tsushima & 137683 X O COUTME L e o 72, WREESAFICBE T 2§
SILMEITRF I CRIMAETH Y, ME—F—X b TV TDOHA F T4 v DAL, 27°CLUL oGS E %
FFzce®RELTCWS. LaLl, EENAKEIRINTES Y, L AKX 2 ZB23ER 0BG
IR 2 BN T — 2B ARELT0wBEE 2 5.

¥ 7z, Table 1-6 IC/RT XD 1T, ZNnbDENERESFMFICK S COMUBE~DHEICEHLLMREDLH 2
s, WY TH .

Table 1-6  FEWNZELRERBESAMIC X B COM-HI R ~D 2

BEAEIFZE Ak |NZERERBIEE S R
Baké-Bird 30 72E GUIROR S, MKE MRS DZEREDN 8% 5 40%|C
et al., KT 5L, COMHEITR 13%)K
200549 2 B
Bivolarova 30 COx IR pure CO, 800 vs. 1700 ppm 1K CO- I FE STl me B4 &
et al., 9 23%CO o MR H R AN N
20191-46)
Luo et al, 30 RIR, AR BEAE 042,091 clo, iR IRMEH LT COLMEH Ef/N, BV
2016'47 JE 16, 18, 21, 24, 26, 28, (ZAPIT 72 2 FREE AN

31°C
Yang et 40 ERIoH IR 14, 16, 18, 20, 24,26, 24, 26°C T CO-M-H &/, KR

al., 2021" 28,30,32,34°C (0.6¢clo) IZ72 51X
48)




PlEo X oic, BEL LS5 IS0 8996!3)% ASTM DS 624530 D COMHHE Tl T VL, (A&
B L ~0v, e, WAl CTEEFHH OO AICER LT 225, ITEDIFIEIC X ) ENEREISAEIE
DREEDRENT WS, Tz, HEKIEKL XL D COC & 2 AME~DIEEERREINT VWD T o b,
S% I VBERENELRRERE RO ONG. 20oicid, ENERONE % E R L 2258 il

HHETH Y, B OARD COMBIRZFHMICEHIRL 72 COMEETARHIEL I,
5, AT, FENERBESMICX 3 COMTHE~DEERIZHME L, B350t

A

DX RER
12T COM-H B AZHIE L 72 3 o #ERE FER (Exps.1~3) 2 FEfEL, D55 Exp.3 ZXR & L T CED fi#hr

W XS REt R To72. Blt&, 2o o@lRE SRR - CFD T iR 2 Z R CiRiE 3 5.
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F2E R4 REE EKE 4V VEBERHET O COMHEROHE (Exp.1)
21

FETHRREY, BMEOTFHETATEEFEREL COARWENRBEERICL S COMEE~DFES
AL B2 mol, RRE, AKE AV VIREICX2EELIE L EREERIC O Wik 3,
% 72, ASTM DS 6245 TEA X N2 FHSF IOV TE, COMHERZINE L 72 5 7 — 2 13 IE# e b 8cd
5. BEFEWMGEE L Tld, Pejtersen © D2 Thorstensen © SD03GIHERE L T CORE A HIE L, COMHE
DHEERFHEL £ L7z, 3~6 DTt/ b V4 COMEEIF 1 A7z 18L/A, 14~16 /M DFHIT 1 AY
720 23Lh 72572, RIFFETIE, R 2 EMSFOPERFERE (Teenagers, Adults, Seniors) ZXRE T2 L
T, FEEFoZERICL S COMEE~DRELZTE L 72, Zofth, BHEMIEIC TEEEZ O COMFHE IZH]
I NI, WP D COMIERETHE T L OHEEE L D - fIEZ1T I ICIRETDEIIEA RV, Th
¥ CHEME N7z COMREBPEETIC OV T Table 2-1 1RT. AHFHREERIZERE 7 7Y = 7 + Indoor
Chemical Human Emissions and Reactivity (ICHEAR) ®—if& LCHEML 7. A7vy =7 FoHMIX, AR
26 DL FYE O, BAi#E T 2 OH (e Fuxohr T hn) RIGH, ExRlAEs X CBREOFE Lk
E-HETEZLTHD D,



Table 2-1 COM-H & % HI5E L 72 BEETSE

14

Body surface .. Air temperature Measurement CO; emission rate +
Study Age (year) area (BSA) [m’] BMI Activity [°C] method SD [L/(h-person)] remarks
Qi etal > 204+2.1 17+0.1 229 seated, quiet 2224 ect 123+1.7 Chamber (8 m’)
Fanectals  242+04 17402 22.5  Light or sedentary ND Direct 128425 Room (64.4 m?)
+4.4 activity measurements
Stonner et al.>> Seated, film Direct Screening room
(Adults) ND ND ND appreciation ND measurements 15.2£25 (1300 m?)
5.6) 23.9 Direct 3
Gall et al. 23.0+4.0 1.7+ 0.0 L 43 Relaxed sedentary 26.5+0.3 measurements 15.0£0.5 Chamber (65 m°)
: 5-1) Direct .
Pejtersen et al. 3~6 ND ND ND 20.5~24.1 measurements 18 10 kindergartens
Thorstensen et 14~ 16 ND ND ND ND Direct 23 10 schools
al. measurements
Wargocki et al.>”  22.7+3 ND ND ND ND mea]s)ulrr:gents 18 6 office
Zhaietal™ 227422 17402 2% Seated, quiet 26 Call‘(‘)‘riilrrrfgttry 125425 Air tightness mask
. Indirect . ..
Seated, typing 26 calorimetry 13.1+23 Air tightness mask
Yang et al.>*) 21.4 . Indirect o
(Twentics) 24.1+£2.1 1.7+£0.2 126 Seated, quiet 26 calorimetry 144+4.1 Air tightness mask
Seated, reading 26 Ind}rect 14.7+3.9° Air tightness mask
calorimetry
. Indirect x oy
Seated, typing 26 calorimetry 153+34 Air tightness mask
Seated, writing 26 Ind}rect 15.3+34" Air tightness mask
calorimetry
Yang et al.>* 22.2 . Indirect o
(Thirtics) 323+2.7 1.7+£0.2 31 Seated, quiet 26 calorimetry 153+£39 Air tightness mask
Seated, reading 26 Indirect 15.6+£3.6" Air tightness mask

calorimetry
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Indirect

Seated, typing 26 calorimetry 159+48" Air tightness mask
Seated, writing 26 caIlr(;(riilrrr?ecttry 16.5+3.7 Air tightness mask
5-9) .
Yang et al. 638433 17402 240 geated, quict 26 Indirect 14.4£50 Air tightness mask
(Seniors) +3.0 calorimetry
Seated, reading 26 caIlr(;(riilrrr?ecttry 144+ 46" Air tightness mask
Seated, writing 26 caIlI(l)(riiIIrsec:ttry 15.0+£3.5" Air tightness mask
Nomoto etal¥10 223+ 1.6 1.6+0.2 212 geated, quiet 26 Indirect 12.0+2.2 Air tightness mask
2.9 calorimetry
Seated, typing 26 CaIlr(;(l%illr‘Ifgttry 124+23" Air tightness mask
.. 511 university . Indirect _
Tajima et al. students ND ND Seated, quiet ND calorimetry 9.4 ~20.0 Douglas bag (100L)
Walking 2 km/h Callg‘ri;fﬁecttry 12.8~51.1 Douglas bag (100L)
Walking 4 km/h Call‘(‘)‘riil:gttry 23.6~79.1 Douglas bag (100L)
Luoctal®®  192+18 1.8 206 Seated, sedentary 28 Indirect 15.9 Wearing 0.42 clo
+1.8 activity calorimetry
Seated, sedentary 31 Indirect 16.1 Wearing 0.42 clo
activity calorimetry
205+ 1.5 1.8 21  Seated, sedentary 26 Indirect 16.2 Wearing 0.42 clo
activity calorimetry
Seated, sedentary 16 Indirect 18.8 Wearing 0.42 clo
activity calorimetry
201413 1.8 20.9  Seated, sedentary 26 Indirect 16.1 Wearing 0.91 clo
+1.9 activity calorimetry
Seated, §efientary 16 Ind}rect 17.0 Wearing 0.91 clo
activity calorimetry
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2.2 EBRA
221 ALRIEE

FEERL, 225 m3 DAT VL AT v vN—TEEINE LW (Fig2-1). bL—¥—HRUE L%
FERGMHD COHED L DHEEIC X » THER I N7z X H 1T, F v v o8—(F3.240.1h-1 THRAZEA L
[ENFE L4 (Fig2) 29, KUK T 72 offtfa s h, KHFCh 2R O0208 BT L. 200k
BI77VICEDF v v N—NIITERRAIREE O ¥, R, RTREs X OWEER 7 4 v & —
AL TABEINE. AV VI, Jelight 600UV AV v AT AN LT ABEL T2 2 Lick >
THER 7 ANZ—DTRMTERINE Lz 2D, =27 v FY v ra=y M XD EE & HNRE % §)
BIL 7223, F % v =~ DOEIJMAFTHEE N HINK <, BN ORERFREETH 2720, EhhicT v v
N—NOBEZIEMHECHBET 2 2 L 3 TEhd oz, RLINERIE, HEREL 2@ WIRETo AIE
&) L 72. HOBO®UX120-006M4 F + ¥ A )L 7 F 1 77 — £ 1 7 — (Onset Computer Corporation) % f#F L C,
St & AR % 1 29[ o R 0 AR RE CHEFEI ICBE R L 72 RSB I3RE£0.5°C, RH£2.5% (60% Aiif), £3%
(60%~80%) TH 2. ZOHlEIX, F¥v —DhRICH BT — TV TiTbiLsz 21,

Exhaust air

Picarro G2401
(CO»)

Vaisala GMW90
Ozone monitor (T,RH, CO,) -

wose

Ozone generator B el B R % i Y

Fig.2-1 AL5fzE OB
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2.2.2 BiBRE

fEEE R IERE S 4 4 57 b 5 IV —TBHEEI N 3 7v—7 (Al, A2, A3) ¥, BMI 2% 20.0~
23.9 ® 19~30 %D Adults (KF4E) THEEK Iz, Adults Zv—7D 12 (A1) B3B3 L, k14
ok, fho2 =7 (A2, A3) XHE24, K240 MK 72, Teenagers D 7'V — 7

(T4) 1%, BMI 2% 19.1~20.4 D 13~15%D 10 XD B2 2 & CREK X 17z, Seniors D 27— 7 (S5)
IZ, BMI 23225225 28.1 D 68~T2 D AW 2 e L2840 =T oMl I Nz, BHREET — £ 1%
Table 2-2 IZ/R T,

HFEE, KNI v T4 THEERE IR A PRIE L ZPEEDOIREER L7z, 22001y FMER I, 12
Ty, By, BEMAMT (shortclothing) 22570, ZOWiEEiX04clo EHEESN, dH—D
R vy, XKRY, SO EHMT (longclothing) 2257 Y, Z OWIEWEX 0.7 clo & HEE S
7o, TRTOKRMEI, FERETICERREAICIEL, 2y 7z e, v=—ARBIc AN K7V T
4 TWERE L, EBRPICERT 2 TEEIET 5 -0 0 BERE - 5 OO ERNEEF SRt
7z.

ERBIRET, SBHEZZT, Fudo, =v=2, TAa—LERT 3 XS ciERans, ERhizs
HOeHLEMWE 2 L 3EEIE I N, Fr v - 3KEKSHE SN, BIEREE, FEERHDORIK
Y v 7 —%IR0, BBRERMEL 28—y FAr TG (EEROREARE > X v 7' —, WEEH)
DHREMBRALE. SlZs v 7 —% B0 d o7,

FEirp, WERREIRIZ LALLMz EET, £ Ly bR — b7 Vv EMBHALK. 1 KBTS
E2oT 1~2 DA P Ly FE2ITW (Fig.s-2), KT OMREE IEES 272 (hiT O REUT FEERPHkHEH
ICE=Z R =3I NT)19,

KT VT A TYWHRERTRIORE 30 0ICF v v X—ICAY, 3WMZ CICHEL . X b B0 %E

(FtRicH VY v B F x v N—NIIFET 254, Table2-2 2) T3, 2otk HOBRAKEOZDICTF
YU AN=2HBE L, BE (F—Xb, N2—, X744 2F=X) RS, 12 K545 SEICHUOT
X VON—ICAY, X HIC 2.5 WEHIMRE L7z, COWEE S BBEPICT x vN—p b b Lk ok,

e, KEREIXC DA, FilE, FOHIC+E Y ¥ — (button, Thermochron or Hygrochron, 437 Maxim
Integrated, San Jose, CA, USA) % [E#E7T — 7 CHE Y 1), RFTKESREZEET 22 TCHIELZ, h
X, K7 VT4 THBEE L BEHEED WFRIC O BT O I L 2 5 72720, BKIGEIEHT 3 2 &
ZHWE L7z 2D,

2.2.3 EEAEHE

Table 2-2 IC TN TCOEEEFE R T, RBROEFSHTIZ Beks 5 2PDiddic IS L, AislicEHTh
% 20 OEEEF T DIV Fe—2 LTHERYIELEGEL 7-.

ALEE (Adults) (%, i - Bl (AR 26.2°C~31.9°C), K - EHIRHEE (AZERF 21%~68%) D
Bty CHEFRE X7, %L [Short) (T ¥ v &Y v) 710t Long) (FL—F—LRXKV)
T, AV VREFY Vv A—HNEHFET I LAV 2DELE LA TH - 72,

A2 HE (Adults) &, " (22.5°C~24.3°C), 1KiE (16%~25%) DEREE FiCiEr L7z, KR
[Short] £721% [Long] #&FHL, &YV v iRF ¥ v A N—HNIFET 22 LE0LDEL LN TH -7z,
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A3 B (Adults) 1%, i E 2 IREE (NER25.3°C~32.6°C), K% 72 13@EiE (ANER 24%~65%)
DIRFEICHEE I, [Long| Z&EH L 7.

T4 (Teenagers), S5 (Seniors) (X1 (24.6°C~25.8°C), {KiE (22%~30%) DI TICE» L7z, +
SR TF RV ANA—NIHFET 20 LD EL L0 ThH o Tz,

Table 2-2 FEEaZA

Clothin
Group Exp. Condition® (T/RH/O3) Date
g
1 Moderate/low/from SS  Long Apr. 26
2 High/high/from SS Long Apr. 30
Adult 1 Whole body
3(20) Moderate/high/none Long Apr. 23 (25)
(A1) exposure
4 High/low/from SS Long Apr. 29
5 High/low/none Short Apr. 24
6 (21) Moderate/low/from SS  Long Apr.12 (15)
Adult 2 7(22)  Moderate/low/from start Long Apr. 8 (10) Whole-body
(A2) 8 (23) Moderate/low/from SS  Short Apr. 16 (17)  exposure
9(24) Moderate/low/from start Short Apr. 9 (11)
Whole-body
10 Moderate/low/from SS ~ Long May 8
exposure
Adult 3 11° High/high/from SS Short May 2 Dermal only
ult
A3 12° High/high/from SS Short ~ May 3 Breath only
13° Moderate/low/from SS ~ Short May 7 Dermal only
14+15 Moderate/low/none
Long May 6 Breath only
b (14), from start (15)
Teenagers 18 (26) Moderate/low/from SS  Long May 17 (19)
A Whole-body
(T4) 19 Moderate/low/from start Long May 18 exposure
Seniors 5 16 (25) Moderate/low/from SS  Long May 13 (15) Whole-body
(S5) 17 Moderate/low/from start Long May 14 exposure

2 Ozone dosing was started either after ~3 h of exposure (“from SS”), i.e., during afternoon exposure, or in the

evening before the experimental day, ensuring steady-state ozone concentrations before the volunteers entered (“from

the start”).

b not used in the present analyses.
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2.2.4 CODHIE

2 ALY v 72y w4y e (Picarro G2401; Picarro Inc.) Z{HA L, F v v N—RKIFD B O 5 1EE
XA v 7Y v LT, 02ppm DREET CO, ZMIE L 72 (Fig2-1). HIEfEIZ, ~A7w—a3v bu—
7 CHIEN S NI RIER T A & S RRZERDRG T AR BB ICHEA L2 & 20 5 Bl (~500, 1000, 1500,
2000, 2500ppm) O HIENE & BERIRE OBIRZ F v CTHifIE L 72 (B 5IREE = 1.009 x HIEREE ; R2>
0.99999) >4 |

2.2.5 COMHEDHEE
PR, M—Y — v« = 2R F UV ZETFALHEIE L7 COBE S X U AMHGE X Y 22 RAE2E
LTHEHELZ (Bq2.1).

nk = Q( Css =G ) 2.1

nk = Q( Css =G ) 2.1

T T, nlIBEREE, EIIHERE | AH72 D 01 CO M E[mL/A], Q XA E[mY/h], Css it
EHEFOEN COBE (K7 v T4 T2RET 2 15 5F1DOF [ppm]), Ciiia (ZHEHFGZERF O COL B
GHABEBERTD 15 2D ZE N CO EEE [ppm]) TH 5. Fig. 2-2 12 CO, DIFRF 7 a7 7 4 L & Css
DPRIEST Dl %R T

2.3 R

EERRICH T 52— ANH720 D CO, MHEDHEEE% Table 2-3 35 X U Fig.2-3 IC/R3. £7z, Table2-3 (C
FFEEF DL, ZicxEs 2 TANFERGEHE (PMV) Z19% 7R3, PMV IZHERE O BUEHE %
T3 % H DT, CBE Thermal Comfort Tool 217 & & H IR DL & AHXHEEE OHEAE % V¢, IR
J& 3 % AR D Wi, AEE G M 1 met (CBE Thermal Comfort Tool 1C X 20, FeAICHIE), JEHE
0.25 m/s (Beké & 219 1T X ZKE) LIKELEFHEL7=d DT, Fig2-4 IR $ X H1ic, PMV REER
(BVEE O 2Y) OMlEEE X KHBAL, PMV 2#E T 2 -0 OREN#EY)TH -7 2 & AL
7z.

Fig2-5 137 % v N — O ZE5GRE, HHEE L COMHEOBRZ RS, MENE L kb icon, M
EOHEMU7ZZ EPMER I N, Al Zv— 7O RH 5&/F LK RH &F %2 i3 2 &, MHXREE LI
X2 CO,MHE~DEERMRAI N o7, £72, Fig2-5 X0, FEOFPFHIF L O IEHE &
VD5,
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Table 2-3 Measured temperature (T), relative humidity (RH), and ozone (O3) at steady-state (SS) and estimated CO, emission rates and predicted mean vote (PMV) at different
conditions examined in the present experiments

Morning, Afternoon
CO; emission rate CO; emission rate
Growp Exp. - R baves % COpualppm]  COnss [ppm]  Mean+SD Tss REss b tves % COpes [ppm]  MeamsSD
[°C] [%] [ppb] [L/(h-person)]** [°C] [%] [ppb] [L/(h-person)]**
1 293 33 08 <l 428 1305 159+0.6 303 32 116 341 1340 16.5+0.6
2 326 62 233 <1l 443 1373 16.8+£0.6" 323 63 224 388 1408 17.4+0.7
3 294 62 122 <1 424 1293 15.7+0.6 no afternoon exposure
Al 4 325 32 185 <1 421 1346 16.7+£0.6" 31.8 30 1.60 33.6 1365 17.1£0.6
5% 328 59 212 <1 422 1353 16.8+0.6" no afternoon exposure
20 309 56 1.65 <l 424 1352 16.8 +0.7 no afternoon exposure
6 261 20 -023 <1 430 1211 14.1+0.9 27518 0.16 363 1311 159+0.7
7 260 27 020 34.8 429 1268 152+0.7 no afternoon exposure
8% 272 24 044 <1 422 1251 15.0+0.6 284 23  -0.02 350 1374 172+1.1
Ao 9% 265 20 073 369 426 1278 154+0.6 no afternoon exposure
21 262 24 -0.16 <1 433 1248 14.7+0.8 27721 025 354 1330 16.2+0.9
22 271 20 0.07 39.6 424 1228 145+0.7 no afternoon exposure
23# 277 22 028 <1 431 1267 15.1+0.7 28922 015 345 1361 16.8+1.0
24% 271 19 052 363 423 1258 15.1+0.7 no afternoon exposure
A3 10 286 28 059 <1 430 1271 152+0.6 288 28 0.65 37.6 1416 17.8+0.6
18 275 35 033 <1l 418 1316 16.2+0.6 284 35 0.60 373 1344 16.7+£0.6
T4 19 285 34 0.62 442 421 1326 16.4+0.6 no afternoon exposure
26 293 33 086 <1 421 1313 16.1+0.6 30.0 35 1.1 40.6 1348 16.8+0.6
16 289 28 068 <1l 421 1276 155+£0.6 29725 089 377 1360 17.0+£0.6
S5 17 282 24 043 43.1 423 1249 149+0.5 no afternoon exposure
25 283 25 047 <1l 422 1250 15.0£0.6 29.0 25 0.68 414 1381 17.3+£0.6

“SS” - steady-state, last 15 min average before volunteers left the chamber; conditions for group Al that were not used to calculate average CO2 emission rates (presented in Fig. 6) because of high temperature

conditions are marked with an asterisk (*). Conditions with “short” clothing are marked with a hashtag (#); emission rates in g/h per person are shown in Table S4 in the Supplementary Material
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Fig. 2-5 CO» emission rates as a function of air temperature and relative humidity. The emission rates are
presented separately for the morning (mor.) and afternoon (aft.) exposure sessions. Error bars indicate one
standard deviation as in Table 1. Red colour indicates high humidity increased by operating a humidifier, blue

indicates “short” clothing, all other conditions are for low relative humidity and “long” clothing. The letters

indicate the group of subjects.
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Fig.2-6 I3, COMHHEARIRICED LI ICHEINLIPERT T L=V ATuy FTHDLH, 77— 2D
DI W RORET — X TIIRERE (R2) PRIEICET L, R IHEICERICR b Rd o703, F
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Fig.2-6 CO; emission rates (G [L/(h-person)] ) as a function of temperature. Error bars indicate one standard
deviation (solid line: data from morning exposures (mor.); dotted line: data from afternoon exposures (aft.)). Red
colour indicates high humidity increased by operating a humidifier, blue indicates “short” clothing, all other

conditions are for low relative humidity and “long” clothing. The letters designate the group of subjects.

24



25

19 -
EIRE
% v
Q, A a
- 2
< 17 | A u P
% i | P=0.08 *® P <0.01
5 ‘/B [
'5 S []A O Aly, B Al
4 mor. aft.
é 15 <> AX <> Azmon‘ Azaﬂ,
2 4 A3mor. Vi A3aﬂ‘
8 14 | <> O T4mor, . T4aft4
A S5mor. A S5aﬂ4
13 : . . .
-1 0 1 2 3

Predicted Mean Vote

Fig. 2-7. CO2 emission rate as a function of PMV. Error bars indicate one standard deviation. PMV is coded as
follows: -1 — slightly cool, 0 — neutral, 1 — slightly warm, 2 — warm, and 3 — hot; the trends are shown by regression
lines only for the data from morning exposures (mor.); afternoon exposures are indicated by aft. Red colour indicates
high humidity increased by operating a humidifier, blue indicates “short” clothing, all other conditions are for low

relative humidity and “long” clothing. The letters describe different groups of subjects.
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Fig. 2-8 CO, emission rate as a function of the group-average body surface area (BSA, morning exposures). Error

bars show one standard deviation. Mor. indicates morning exposures and aft. afternoon exposures.
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Fig.2-9 CO; emission rate as a function of the group-average body mass index (BMI, morning exposures). Error bars

show one standard deviation. Mor. indicates morning exposures and aft. afternoon exposures.

26



27

18

[0 withozone (39.2 3.5 ppb)
Bl Without ozone (< 1 ppb)

17

16: | r l [

14

CO: emission rate [L/(h-person)]

13

A2 mor. T4mor. S 5!1101’.

Fig. 2-10. CO; emission rates during exposures with and without ozone; only morning exposures are presented as

ozone was always present during afternoon exposures. Error bars indicate one standard deviation.
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Fig. 2-11 Average CO; emission rates for the different groups of subjects. Error bars indicate a 95% confidence

interval.
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Fig. 2-12 Average CO; emission rates in the morning and afternoon. Error bars indicate 95% confidence intervals

(n=24). The difference was tested using Welch'’s t-test (2-Tail P).
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Fig.2-13 Comparison of CO; emission rates from measurements (excluding high temperature conditions for group
A1) with the CO, emission rates estimated using equations in the ASHRAE Handbook and ASTM DS6245. For
measured emission rates, error bars indicate a 95% confidence interval. Error bars for the estimated emission rates

show how they would change if the assumed activity level should vary by #0.05 met.
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Fig. 2-14. Comparison between the CO> emission rates in the present study (Al excluding high

temperatures, A2, A3, and S5) and previously published studies; emission rates for young adults (left)

and seniors (right) are compared; shaded areas denote emission rates estimated using indirect calorimetry.
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Fig. 2-15 CO2 emission rates during exposures with and without ozone; only morning exposures are presented as
ozone was always present during afternoon exposures. Error bars indicate one standard deviation.
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Fig. 9. Measured and calculated CO» concentration during build-up in Exp. 20; the calculated build-up was
determined using CO; emission rates estimated in this study. The calculated CO, emission rates for the four 15 min

periods of the 1-hour concentration build-up period are shown (full circles).
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Fig. 3-1 (A) A schematic diagram of the capsule (the red arrows show the airflow); (B) A snapshot of the empty capsule
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AN v —DBREINT VB, BBRPICT 7 -3 F8T 5 2 &idkdot.

B 7N DERIE, AT VL Ao N TREENOERTITb, Fv vy A — K3 H ok s 27
LR S, BRSO R & FRROEEE o FRRRE RO, Ml - I N ERSK T I LS
LicfHEEI N, AT VLR TZY) v FOTORDZIRDLLF ¥ v A N—ICAT 5 310, A TAMREDZES T
TV F Lo AT MY, o XS, R 7 7 v ERAZ7LIFOTIAX S FREL CTHER I
2. W7 AHNICEREAE7 7 VIFEREIN TRV, H 7w VN THBREIE WS L 2B 2 E
DCORMET B LICKY, AT RAHND CORERTRE—ICh 5 T LRI Nz (Fig3-2).

3000
——e— Channel 1_Plenum 1 —e— Channel 2_Plenum 2
Channel 3_Over head region Channel 4_Centre
2500 - Channel 5_Over calf region Channel 6_Exhaust duct
=
o
£ 2000 -
c
i)
b
&
= B el
o
O
e
o
O D00 e s
N
@,
O
500 4 _ sefeesemsssmsmassmstmsssestsinf st |
0
= = = = = = = = = = b -
o o < < < < < < < < < <
o o o o o o o o o o o o
e = e = S < e ‘.3. o = <.3. e
o — AN - AN ™ < o) © N~ © o))
= — — o o o o o o o o o
Time (min)

Fig. 3-2  An example of measured CO2 concentration at different locations in the capsule
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R I, T3, BIEMTI T2 COVID-19 v 7 1y ZHHNICE AT 5 X 5 IR
L bIchRE I, BRI, 2020 F 6 HA 5 8 HE TOMIMH T v ~— 27 TR hi.

38



39

3.2.2 EE&H

ZERIRIE 2 SRl COREE 2 &F Q FED TAQ) 2257 % 3 SefFZFE L7z (Table3-1). mAESMFIX
24°C(T24) & 28°C(T28)TH 5. TN b id, MEIRTF O PIZM R IREIREE L RS 2 B+ 5. T24 1
EN16798-131DCHESE X T v 2 IREHIPHN, T28 132 DR EHIANCH 3. $7-, BB E2LETL L
T, 2D IAQ L L% E K4 2 800ppm (M800) & 1700ppm (M1700) D CO, EE % 3&ER L, 3%E L 7-.
INHiE, RED 2 oL ¥ o —33B®CELK X /- 5% CHlE X L7 428~2585ppm DHEIFANICH b,
EN16798-1>Mic X 3 &, ENERRORE AT TV —ChIBHELRIEAT TV —THEA 74 R/ Vv T
L— LRI E N EFNIIGT 5. [ CO BRI 7w L CHITH© % 2 RKIRED S, KWEEIX7 7
Y DEEEDBHEL SNV EHMFRT 5 70 IR TN T,

Table 3-1 Planned and measured parameters in the sleep capsule under different experimental conditions

Nominal Planned Measured parameters during sleep (mean+SD)

conditions conditions

T CO2 T (°C) CO2 SPL PSPL RH  Absolute NO:2 TVOCs! PMz;5 PMio
(°C)  concentration concentration  (dB(A))  (dB(A)) (%) humidity  (ppb) (ppb) (ug/m®)  (ug/m’)

(ppm) (ppm) (g/m’)
T24M800 24 800 23.7+0.2 771434 51.1+4.8 704+£2.5 482 103+0.5 1.9£2.5 160.4+373 2.7£1.2 6.5+1.6
T24M1700 24 1,700 24.0+0.2 1671121 47.6+2.0 684+1.2 573 124+£0.7 1.7£1.3 191.2+15.6 2.3+£0.7 6.9+1.4
T28M800 28 800 28.0+0.2 795475 50.6£5.0 70.1+2.6 40+3 10.8+0.7 2.842.4 176.7+12.2 2.7+£1.3 6.8+1.7

Abbreviations: PSPL, peak sound pressure level; RH, relative humidity; SPL, sound pressure level; T, Temperature.

a Total volatile organic compounds.

ANLAMRE O T L, #ERE 2HERPICRER T 2% ER L CA 72 VWO HEREICE S X 5 ICEk
TEL7, T74bb, T24 T23°C, T28 T27°C¢, Wb I°CIELKFEL 7. ERFOH 7L NOEE
BIEMEIE, BEXL7ZL_AICEL T2 (Table 3-1).

3.2.3 BERE

KREFEFROMEE 11 HEHE L (Table3-2). o I3IFBEF TH Y, BIEKE, WE, 7TL¥
—, {EWMEF 7 <, FEBRIIRHIH IS CIEIRE A IRA 32 2 L d e o7z, BRAMEHEL, Tra—aFizid
YrE AL O, RREE, #E 4 BN ORERE), [EHEEF O AREESC (BMD 18.5-24.9kg/m?,
B - BEIR - fREEE 3 A A o 72, K 1 2 HRBNCE R A BERREE 3 2 #2058 U 72 s O R 28 2 729
I, ol y v o= ZHEIREETER (PSQD O T v — b icE AT Ty ~—27 Ttk
TlE, 500 % %482 % #bRE D1 PSQI 1X[FIFEE TH - 7z 320,
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Table 3-2 Anthropometric data of subjects

Subject Weight Height Age BSA BMI
No. . (ke) (m) (years) (m?) (kg/m?) PSQI
] Malc 67.8 1.80 27 1.86 209 3
4 Male 67.6 172 28 1.79 2.9 4
9 Male 57.2 173 25 1.68 19.1 8
10 Male 63.2 181 29 181 193 4
Males mean  64.0443  1.77+0.04 2741 1784007 20,5415 542
2 Female 56.8 158 28 157 28 6
3 Female 64.0 1.68 38 172 227 5
5 Female 50.1 1.56 30 1.47 20.6 7
6 Female 59.0 161 2 161 238 6
7 Female 55.6 1.60 32 1.57 217 7
8 Female 65.8 1.69 24 175 23.0 4
11 Female 57.8 1.63 28 161 218 9
Females mean 584449  1.62+0.05 2045 1.6240.09 222408 641
All means 60454  1.674008 28341 1.6840.11 216414 642

FEERRTH & S EBRAICIE, A7 24 v T ra—LoBE, FuRW), ML VEEIZEEZ 2 X 5 bk
TIRD T2, T/, wlRE I ZFEBRIER G, B EEAR, FK, muE Y oF 2EEMMZET, FkOR
AEEEY, ERE~OBHFROIFRLDORMFEHT 2 X3 Kiindhi. £z, EBRICSNT 2 #kEE
705 DAEREEHIIE DAL FEEE ST - 72720, FAF T v+ OfFfIZEZ 7.

N x e, WEERFIC 23°CTEMICHL LR S5 b O @R L 72, DUl iR (3 MEIRE © I3 & BUA
LVDEMTH 2 I BRho T 578, FEERICAPUENEZS2 C & C, EIRE O W TRETE D fif
RTE 2 LUE L 2. #BRE XD, FoRUAAYry<2EML Tk,

WeBRE (XA DI & HFREICHE L, SO E o 2FRICK & 2 2 LidiEfl s Wik o7z, ZaUd, #
BEOBECEEDY —hT 4T v ) XL EMFIT 27-0THh 5.

324 HIEFE

717 2 DPERDICERE L 72 HOBO 7 — 4 1 ' — (Onset Computer Corp., Bourne, MA, USA) 1 X D,
Silm & AR & 30 & LR - BER L 2. T2 v —icid, WER v — (#HiFH : 0~50°C,
FERE © 20.21°0) &{BE £ v ¥ — (HiPH 1 1~90%, M 1 22%) AR E N Tz,

HHEL )V idEEE T (B&K 2245, Briiel & Kjer, Corp., Naerum, DK, range:16-141 dB(A), accuracy: 0.1
dBANT I BT LICHIEL, # 7 rOHROK T v b L RICHHEL TRiE L 72,

CO, /%1%, Innova 1412i Photoacoustic Multi-gas Monitor (Luma-Sence Technologies A/S, Ballerup, Denmark,
range) % F > CEFEICHIE L 7z, 15-15,000 ppm, FHEE @ FEAHL D ED£3%) CHEBLHIE L 7. &7 7L
WD 6 ik E=X—L7. 2 5FEAh 7 VOIEFICEH T 22T 7LF L (Fx VALl
2), 3B EROR I AMICEH I T 2T 7LF L (Fx vy An35), 1 7iiEA7Tero
LRE7 YN (Frva6) THotz, CEROFEHICIE, Fr v a1, 2, 6 THIEL 72 CO IR %
AL 7.

NO;, TVOC, PM2.5, PM10 OHIE T, (KifitgD € v —%{HH L 7z (Flow, Plume lab, Paris,
France). HOBO 7 — & 1 77 — DT  ITF%iE S 1172,
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N 7RI DIERNL, HERE 23 H T eI A BT L BEIRFFE 0D v ic, XA 7 b D Tenax F =2 — 7 C
v TV rEINT, BT v IINEEROREIZIOL, Y v 7Y v ZEEE 0.30/min TH o 7z,
TFY I AFa—TLTHYTY v IINERIE, T vANICEET %S VOC % TD-GC-MS % v T
S L7z, Zho ORIERRIL, Mgl 3 5.

MERR O #eBRE o PR (CBT) 1%, JEEREMEHER £~ % — (CORE, greenTEGAG Inc,, A A & - F
2—Y v, FE£026°C) X VEHEEHRL, 1T IcikERL 7z vy — ZERTRE T — 7 ¢y
EICEE L7, Wik, T, RERATE, 3 < O EHEE, BBiEto RERiE, 4 mR %y (DS1922L,
KERY S ANZTH T 4 T T V7 4T, #ibH 1 0°C~125°C, FEEE : £0.2°C) VT 14 LICilskL
Te. vV —IIWENED D ZERMT — 7 CRIEICH Y 172, FEEER (MST) #mEFg e L TH
H L 72 320,

DA%, DO F = 2 v b (Suunto, Vantaa, Finland) % AW CHEFICE= X2 —L 7. $7=, #Hl
FEEE, HEARER ORI EAREE & SRR DRED N T v X %R T HRV OFFIETH % 50ms YA F#27: 2
BBz 3 2 BRI A (pNNSO) %5HE T2 2 2icX b, LIAZE) (HRV) ZRET 5 DIl &
hf: 3—21).

MEARDE 13, FEHICHET 2 280 Y =7 7 76K (Fitbit Charge 3 & GetFit X10 pro), 2 DDA~
— U v (Motivring & Oura Heritage), il F~=/L b} (Beddit3), FICICHE < € =% — (Sleepace) 7
EDOKE RRER M Z v h—% L CE=2Y v/ L7z, £7z, MEROEIL, 8], Groningen Sleep
Quality Scale (GSQS) THEAHZ IC L 0 FHli & N7z, b OWFEREIL, BlEHE T 5.

WeBRE I, MEIRHGEZA L, o1k, 7 rNOENEREOE LIRGZFHE L 7-. £7-, 7
—F VIRV ERFRDZIN ANy 77 R T &3 PMBGEMERT A P2 FEML 72, 2o OFEIE, BUERTL
EIREBICEE T 25 v v N —NO PC TR &N, BHOX—XTitbhi., ZhboMERERIL, Hl&
W5 5.

3.2.5 EEFIE

BERF I RBHGHTIIC P L —= v 7y v a v ETWL, EEET o bar, ALRE=E, 77wl §X
CTOMERHGEE X 227 ONE & RUEISHEIG L 72, #ERE IR & 2 7 % 6 [ME L, HEhiciz 3<%
RS SNz, ARHE & MEROE OMIE X Th % h o 7228, EERgE IS Icin S, S
n-.

BHERE VL7 T2 DT 4 B L CHR - 72, RPIOBUTEICD 720, RO 3 Bt L 1AQ (CO,
RETRR) OB LR 72D IfEFHIN:. BYORDOHUEMIIERL &d o7, ZOHD 3D
TR ONEE 13, HERERT AT v 2%k e ), FUEBECHEFEERRT 22 LICX2F v ) —F— %)
ROVATLANATAZPRRL 72, HAIOWRD 1L T24M800 TH - 7.

FEEFIE% Fig.3-3 ICR T, mAEEFIMERZ O 4 IKFRIETE Tt 4, EREICITRERZ O 2 Ik
BT E CICFE T2 L5 fm Lz GRERZIEY =7 7 70784 2 (Fitbit) 1< X MR - Hley A 7 v
DFLFF L PHRE~OEMIC L VIREL )., v *» T =37y, Ffl, BEEZ2ETLVIREY ¥ 7 —
& v v 7— (Neutral, Unilever Denmark) %L, X I/ ZE T2V EE X (Zendium
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Classic, Unilever Denmark) TfT\y, T o O AERMIIHEERE CREEanzdbDTho72. 2D,
Vy~rmiaHL, AMERANTH Y vy —2EE L, MEREZIU 1T 72,

Capsule in
Arrive (light off) Time to sleep Capsule out

Chamber2 Capsule (chamber 1) Chamber2
,—lql—-Tl—:l-‘li—‘p—-r-—n—n—.—p—:-—r—n—in—!l

. { : { bod
I NN rhysiological measurement
I ! ] ; EE
S I I b R
v s T v H

!

| i
I

. i 1 Morning sleep diary
] 1
i

Ada
. :
i . i
W — ; .
CF o e 2 q:> g =)
; = ;
— — £ o~ 1= = =
2 © 5 S s g 5 (Minutes)
S B = Z o
s S g g 8 & g
2 | g
o B b
g ) =
i &

Fig. 3-3  Experimental procedure

TERET A P 3D B &, WERE I A T eIt AY, WEREIC X o TRl b TS N, 2ok, A
DELZFIHEINSD, W TRANDNE BT —TAT Vv TRFERT S BN TE. #3008, ®ROME
IRHFEZGEAL, MEL L. &K% HoMRHEZTLAL, 2722 bBoF v v S —ICBEI L 7.
H 7V DBIFIMUID HEAD i, H TR AND CO, DIELBLI X 1072, #EH 3BHET 2 F v v —
THRHIZ A7 ZFEML T2, 20k, v I —%2WOIL, PEE I Y v~ bEBREICER X .

B 7N DREFNEE MO A LET 2 LA TES, FL—=v TR, FTOMDH Y
L7z, 72, PLIITE LS Ro/z b TR LI o7z Y, WERIGLTCATeLD2bHE L
BTEDEPMAINA., T, Wi, YEOEREIGHET 22 L DARETH o 7228, HAE L 2 H5RE
F—AbWwihor, FEERFICEA LI To28B8E 13 14 Q1) Wiz, ficidvizs o7z,

3.2.6 EIBEIE
AEEL, ERENBEI ALY -y X — 23 E T 2 EBRICEET 2 HHEEERESD %A

(KA04741) ICHDERKRAINADDTH S, FHWHRE» O NEB L VOHFIICL 24 v 7+ —LFavt
v b #1572 AKBFZEIX, GDPR OEUEICHE - 7z,
327 R EB LU CO,MHEDEY

BREE D 7 e NICHEBREOBIEIC L VB L e UE L, SHBRE2SIERY 72 2 iz
H COLREDWREHFEZMEL, FEhity v ay T Ik 2B L7232, CO, DIMEHIT 2R
(ACH) OH#EEICMHEA X N7z, Fig3-4 1L, 2 DDEESM (T24P800, T24P1700) IZH1J % CO,gHAlD—
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FHTHY, CO,DIFFEED S CER & ACH ZH#EE L =HEIH 2SR E LT w3, ACH 137 72 A NOWER
EVBE T ORED» SR B 28T 2 720l L 7-.

2500
——T24P1700 —— T24P800
20004
£
Q.
&
S 1500 -
s Steady state Leave capsule
=
3
c 1000
3 in
N
3
500 \
Enter capsule Decay period
0
= = = == 2 = =2 = ®¥ =2 = =E >
o o < < < < < < < < < < <
o o o o o o o o o o o o (@]
o o (=] o o o (@ o o o o (=) =]
S d:58 83588588 s
Time (min)

Fig. 3-4 Example of the measured CO; concentration.

CER(Z, Vv Iy =V =ZANT VR ETAEZHWTEN L7, EHIREED CO, IEE % Fuv
(Fig.3-4), EHIRED COREZME LHEFELHICHEE XL CO, DIELY AWK EEZHH L
7~

3.2.8 FPHEEMED T
HEE X472 CER DRI, ISO HIME 3D D NHEFHfEITICHE L TR L 7-.

av =73 ax, Ly (5)

c T, MorEAx, i3, BIEAKOLICHT 5 CER OB E Y. HEE X Nk CER AR, L

TOLERD» ORI NS, (1) CO, DIFEICHD L HEHHIEIR A 515 b7z ACH HEEE DA (FEHERA
72), (2) COx HIEMEDFAZE  Tnnova ZEE D X —H —FROKEICE DWW T, EHAUR & KIRKARE D CO, i
FEDBEAEZZNFN 24ppm & Slppm & L7z, 3)h 7L OHEERBEDE © 1 7oA OEREIL, H#E,
B, mEoBMIRECTHE L, AT nizn, BROERBIZHIEL 225, » 7w L NofthoP o
BEHY ONRBIRMIEE S, ZTo#EEIXS%E L.
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3.2.9 MERHENT

7 — £ 13 % 3 Shapiro-Wilk DHUE CIEMMEAMRAEL 72, IEMO 07— 213, KERET ¥4 v ol
T T bz, BRABRSFEE k> CrlERc SN &R, Ry 7o —=REEZHVAZFRR T
Ry 2o CREE I N, FEIERO T — 21%, 5 7P DS CER IC KU T2 4T3 7201
Friedman D 73§73 #7 & Wilcoxon Signed-Ranks 7€ % V>, HRlIC X 2 522 % -~ % 72 % I Mann-Whitney
UMEZBEA L Tor& sz, CER & BMI 5 X UNBSA L oBf%IZ, $ERRZEHRAL oL &
JKH#E (T P=0.05(2-tail) & L 7=.
33 R
3.3.1 AIERR

MEIRPICE =2 — L7z h 7T VINOBRESE 2R T YT A — & % Table3-1 ICR- T, Kilh& COIRE DM
EMEIIER L 2L vicHiRf v, RHEHIfEIEhCnirnize, PREEVIRER EA L, #KE
Bl 7md ekl ro7z., BEEL_AVBFBAELRESWIZEEL Y, 4 Ly —nENoSE» S D
ezl RETcEcnhnl bbb, HIRP O PM2.5 & PMI10 DHREfEIX 3 &ML b IZIFF LT
BHolzH, NOJIXRELR L, BRAEXEVIZEDT2IC EF L7, TVOCs L~_vid, TRGE D ik &
PMEL, BEAEWIRE ER L.

BIEREMIT B T SR B DA% Table3-3 3 X U Fig.3-5 IR d. MR S -k E K &t
TR E L T 523, 2 0DEIRSEH Tl L W RERZH LA ST,

Table 3-3 Calculated #45(& s and CERs and physiological measurements under the experimental conditions

(mean+SD).
Parameters T24P800 T24P1700 T28P800 Pr P ysm
Ventilation rate (L/s per person) 11.2+0.9 2.540.3 11.6+1.7 .- -
COz emission rate (L/s per person) 11.2+0.9 10.5+1.7 11.4£1.5 1.000 0.696
Heart rate (bpm) 62+7 61+6 6249 1.000 1.000
pNNso (%) 19.5+9.9 16.4+13.2 28.1+19.4 1.000 1.000
CBT (°C) 36.7+0.2 36.7+0.1 36.7+0.2 1.000 1.000
MST (°C) 33.3+1.1 33.8+0.5 33.7+04 0.213 0.155
Wrist skin temperature (°C) 33.3+0.6 33.2+0.7 33.7£0.4 0.259 1.000
16
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Fig. 3-5 Calculated 45 s at different conditions in the sleep capsule; box plots are shown.

HH X 7z CO, M- i % Table3-3, Fig.3-6 ([C/n3. “F¥ CER 11 A%72 9 11.0£1.4L/h TH 572, CER
i, % 24°CH 5 28°CIC EIFTH, CO % 800ppm 2> & 1700ppm i EFCT/R L 72 IAQ % FIF T
b, WEEZ T b ot KT OFM 7 CER OFHHEAER L, Table3-4I1CF &7z,
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Fig. 3-6  Estimated CERs at different conditions; box plots are shown.
Table 3-4 Measured CO2 emission rates (CERs), estimated its uncertainty and relative error for each subject at

different conditions.

o . CERs Uncertainty Relative errors
Conditions Subjects No. (L/h per person) (L/h per person) (%)
1 10.9 0.05 0.4
2 10.2 0.06 0.5
3 9.9 0.05 0.5
4 11.5 0.04 0.4
5 10.4 0.05 0.5
T24M800 6 10.1 0.05 0.5
7 12.3 0.06 0.4
8 11.6 0.05 0.5
9 11.6 0.05 0.4
10 13.0 0.05 0.4
11 11.2 0.05 0.4
1 11.0 0.03 0.2
2 10.1 0.03 0.3
3 9.4 0.02 0.3
4 13.8 0.03 0.2
5 9.5 0.03 0.3
T24M 1700 6 7.1 0.02 0.3
7 11.1 0.03 0.2
8 11.1 0.03 0.3
9 10.8 0.03 0.3
10 12.2 0.03 0.2
11 9.3 0.02 0.3
1 10.0 0.04 0.4
2 8.8 0.05 0.5
3 11.8 0.05 0.4
4 113 0.04 0.4
T28M800 5 12.8 0.06 0.5
6 10.6 0.05 0.5
7 12.0 0.05 0.4
8 14.6 0.06 0.4
9 12.1 0.06 0.5
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10 10.4 0.05 0.5
11 11.4 0.05 0.4

%iéh#cmﬁﬁ;@?%%@%ﬁ@%ﬁ%mgn&qﬁ‘T%%@ IFHEIC— A7 9<0.07L/h T
BHotm. TORMEFEMEIC K ZHNEAEZ 0.5%LLFTH o7 (Table 3-4). EFARESM I ERESRM
EHELT, PooEHEWEELKEI RIS O REHI I N,

8
fed T
()
% I e =
-.E 1 O Iy ——
g o i *
‘G;J_A].— ———————— —I—o- —————————————————————————————————————————————————— -
2>
c |
©
h =
5 e
C2q
-] °
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T T T
T24P800 T24P1700 T28P800
Experimental conditions

Fig. 3-7 Calculated uncertainty of estimated CERs; box plots are shown.
HITE X NI AEBER N T A — 2T, B350 T ChGtcEEREITR ot o7 (Table3-3).

3.3.2 REIRF ORERE D CO, FEHEHEE S PIRE R BHEM D 7 — X

CHRICHEE & 7z 19 DFXDS, BEIRF O#EEE O CER ##E T 2 20 DFHE R L Tnwd,. cid
X Web of Sciences I & 2 SRR CHHEL 2. £D 9 H 15#IE SEE & RQ D /7122 W\ TFH % ffit
LCw328 (Table3-5), fthd 4 MIFEEREWRPBREL CTH Y, HHT 2 L3 TE D o7 (Table3-
6).

5 D DHFGE 313 152420C %, WERE S EE O MEIRIFICEM L 72. 2D 5 b, 3 F 324203 {@H % D SEE &
MEARELE OBIR 2> 72 DT, 1 F 393 E 21 4D CER #5HH L, SEE & MR DORERE IS
IS LT2b DT, KD 1F 93 EE O PV REIR R IR RAEERE O 958 11 % o BRER (37-137 4)
D CER %, JEHAMEIG D COy [HHFHAMERFD 72 © ORI R OMIER ZHIE L CTIRE L2 D TH 3.
ZOfffFE 319TD CER It DWfFE L D b mWETH o 72, 72, b 2FoWfgE>319cd, THEEY
BUHBLELY %D CO 2P 2 2 L3R S N7z,

4 DORFE 330 i, BERE @ OREIRINFIC, HIARR, Mol ¥ RoREl, AREORE

=]
T2 DTHSE., 2D HD 10, 15 NOMEEEZRMA D SEE I3 % HGERE O 8 % %
L, 1T & ® SEE & RQ ITIIHENR R W L AHE L2, I bic, ZoWffEcld, REEEDr IaL

—2avVDT—R%EL FAARZ T 4 TICHHTLT225, 24 BEREIDF EE & RQ L gt nied o727

O, 2%, HEHRELIKRo TR WD 8720, ChboT7T—2%HHT 2208 TEhrol. b
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LHFSE 20cld, 11 Ao#ERF S HY (PRI 10 R F 72 3K (P 11 R IGEIR L 2B 2 8EL,
SEE ZHlIiE L7-. Z R, Fi& 11 KoM IIEN otz AREICHI I 2 2L Bbr Y, ZoFMt
TCIHEBOMAEL LT CER 3R @ kol L 2 HAT 2 A[RELES H 5. H 2WI9E 3 Cid, ME
IRh OB L I3 Y BoMEBREMBUCHE S W, ZOME, HERF O CER IZERKIY Y BHkD A
BRI S B XD bR 4% @< B LRI Nz BB IOTIR, K h, &FEO3 S —TD
WeBRE %, SEE XFEE & ICMT 22 & 2R L2, /2, TOWETIE B COo,MHE
AL D ) 34~42%m 0\ C L MR T 7z, BMEOE CER 1%, ARt 2 Do 3319 cdh /o
n-.

AR D % #E 45 SEE I KU TR EHC DWW TlE, 3 2D ICEB W THE I N, 2 DD 31T
1%, FERFMEIHEIREFIC CER 25 3-6%E K 72 % & L DR X L7228, 3 D HOFZE 3 CidMiofE R/ o
7z.

MEIR O W ELIE, 1S oE—=vZa—n, 703, FRrOFHICT—7CHEELZA YRV %
AL T3IMMAY, 3BBAZICHIEI L P —vick o GERI N ChboTHIL, #EaERAF7IC
T2, HEOMENIELES 25H5ICOR, KIKT 5L THALL, Inboifftics T, §HHE
7= CER |30t # MR i e~ C b AL BEIRE iIc b2 0@ <, S WA (L IEIR R 12 TE B35 7 EE 25 B &
T2 ThHLeEZLND. Wi {LHERR O EEREIRYF © CER (%, @FEHERY O b 0 LFEKRTH -
7z.

B LW D CIE, EE 7 AD SEE K3 2 MERAE O E 2 J1~7-. CER I, @ MEARKS & MERRE
Witk o BIEMERFE CREE CH o 7228, WA LHEIRFFICE K e o7z, 2hid, BMEIRAERED CER 28, i
ECOTROLEEZ L CO A HEELFEL L ART LN TE L7200, FHEINTHLILEZOLND.

Table 3-5 1%, WFFEDFEMI L H#E CER OMEA T L 0 /2bDTH L. TNLDRRT—25 5, UTD
fiamosE & Han s, (DIERATOMEKE & &4 BOMEIL CER ICH T 2B L (%A, AR I
R D CER ICKE KRS 2 (14~33%) 28, BEDONIEEIE CER ICHE % 5 2 v, QIEIRKFH O R
X MR O CER ICJUFTHBICOWTE, MRIC—EBHEERAEOLZ ., b LEERH 7L LTH,
5%LAT E/NE L Q)BT R 7R BEIR CIE, dH ORER & FL#R L € CER 258 1-10% < 72 5. (HIEHRAFE D
A, B OBEIR & S LT, CER 1% 30-40%m < 72 5. (5)FB D CER 3t X b & (Fig.Sl).
CER %, BT 1 AY720 9.7~202 L/ (CF#H+SD 12.1+£08 L/h), ZHTIZ 1 A472Y 7.8~152 L/
CE¥4SD 9.2+04L/h) TH o 7-.
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Table 3-5  An overview of the papers providing information allowing calculation of CERs (Mean+SD) for sleeping subjects.
- T CER
Ref. Subjects BMI BSA =1 T RH o
Authors Year Sex Age 2 2 B o Conditions (L/h per Group
No. No. (Kg/m?) (m?) (LJs) (°0C) (%) person)
Fontvieille et Male 18 3347 30.2+8.9 1.98+0.10 0.8-
3-24)
al.,! 1994 Eemale 1 28+5  30.6£132  1.40:0.12 0.8 250  N/A Normal sleep 11.2+0.5
29 Kayabactal,! 2017 WA 2 2343 2322 N/A 12 250405 55t3 Normal sleep 11.5+0.2¢
32600 Katayose etal.,! 2009 Male 12 2341 23.6+1.1  1.85+0.02 1.2 25.040.5 553 Normal sleep 10.7+0.8* I
. Male 11 47£17  24.6£3.6 1.9440.12 11.6+0.72
3-13) 2 R
White et al., 1985 Female 10 45+17 234435 1.670.11 N/A  20.0-22.0 N/A  Normal sleep 9 020,42
Male 8 44+8 42.7+48.8  2.30+0.17¢ Normal sleep - subjects with severe 15.3+1.7
3-15) 2 P ]
Bergeretal,® 2000 poi0e 3 3748 604+11.3 241x03g8 NA - NA - NA - 14.9+2.4
Normal sleep - daytime snack (10 8.7
) Hibi etal, 2013 Female 11 2341 20642.6  1.56£0.04 1.2 250 500 QM) -
Normal sleep - nighttime snack (11 89
PM) :
Normal sleep - high carbohydrate 114411
329 Yajimaetal.,' 2014 Male 10 251  22.6+0.8  1.81£0.01 13 25.0+0.5 5543 dinner B
Normal sleep - high fat meal dinner 10.9+1.2
N/A N/A N/A N/A Normal sleep - low weight subjects N/A
Male 3 36£2 227424 1.84+0.05 Isi%j‘;ftls sleep - mormal = weight 44, 50
Westerte et 3 3047 49.3+8.8  2.78+0.11 Normal sleep - high weight subjects 20.2+1.6° I
3-29) p P g g A
al. )} 1991 3 369 150207 14ox001 VA NA T NA T Normal sleep - low weight subjects 7.8+0.6"
Female 3 3247 221408 1.76+0.04 Isi%j‘;ftls sleep - normal weight 14 5,0 4
3 2244 46.0£1.3  2.36+0.05 Normal sleep - high weight subjects 15.2+2 .40
Normal sleep — daytime typical room
white light exposure . .
3-30) Mellanson et 5018 Male 8 2343 224420 1762005 N/A N/A 22- Normal sleep — daytime bright white 10.6£1.0
al., Female 7 23 light exposure
Normal sleep — daytime blue-
enriched white light exposure
i Klingenberg et Short sleep (4h) 12.6+0.4
3-31) g g P
al,)! 2012  Male 21 17+1  21.0£1.8  1.81+0.05 N/A N/A N/A Long sleep (9h) 12310 3
33 Shechteretal,! 2013  Female 10 2842 260£0.5 1.76:001 13 240405 N/A  Snortsleep (4h) 10.0+0.1
Long sleep (8h) 9.540.1 I
Short sleep (3.5h) 9.9+0.2
: o Recovery sleep after short sleep (7h) 9.740.1
3-33) 1
Hibi et al., 2017 Male 9 23£2 22.243.0 N/A 1.2 25.0 50 Long sleep (7h) 103403
Recovery sleep after long sleep (7h) 9.9+0.3
i Normal sleep (7.5) 12.4+0.5
3-14) 2 _
Bonnet et al., 1991 Male 12 18-28 N/A N/A N/A N/A N/A Fragmented sleep (7.5) 13.6+0.4 v
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Recovery sleep (7.5) 12.6+0.5
i Normal sleep (8h) 13.7+0.2
3-34) 1
Hursel et al., 2011 Male 15 2444 24,119 2.01£0.04 N/A N/A N/A Fragmented sleep (8h) 13.8+0.2
Male 5 Habitual sleep (8h) 12.0+0.6
335 Jungetal,' 2011 gl 5 22+5 229424 N/A N/A  22.540.02 N/A  Sleep deprivation (Oh) 15.6+0.3 A%
emaie Recovery sleep (8h) 11.1140.6
L. 1 IC method; 2 Tight-fitting face mask method; 3 Using isotope ratios to calculate the CER, then converting to EE assuming an energy equivalent of 531 kJ/mol.
ii. a - Averaged value of different sleep stages; b - Using mean 24-h measured respiratory quotient of 0.85; ¢ - Body surface area extracted from literature, others calculated by DuBois
equation.
Table 3-6  An overview of the excluded papers.
Ref. Subjects Age BMI  BSA #XE T RH EE
Authors Year Sex o Conditions
No. No. ) (Kgm?)  (m?) (L/s) 0 (%) (kcal/h)
Normal sleep — obese subjects 61.9+£7.95
3-36) Zhang et al., 2002 Female 18 35+8 29.6 7.3 N/A 23.0£0.2 N/A
Normal sleep — non-obese sleep 71.1+7.7
Male 23 40°or Normal sleep — 61 outpatient and 20 healthy
3-37) Elbelt et al., 2012 46+13  36.4+93 N/A N/A N/A 73.2+16.4
Female 58 80b subjects
27+5¢ Normal sleep — healthy neonates 36.6+10.8¢
3-38) Summer et al., 2014 N/A 16 N/A N/A 180 N/A N/A
19+10°¢ Normal sleep — unhealthy neonates 45.943.3¢
Tokuyama et
3-39) 2009 Male 1 N/A 25.0 2.0 70 25.0£0.5 5543 N/A 56.4+3.7¢
al.,

a — for subjects whose weight > 120 Kg; b — for subjects whose weight was between 20 - 120 Kg; ¢ — unit of day; d — data from small hood with unit of kcal/kg; e — data from Deconvolution

method
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3.4 BE

AREERTORERKFD CER &, BHAERFIETOD CER %7213 SEE & RQ ZHWTHH L7z CER ZN T
%, KRRl EREIIBAPTIC CTHIE S N2 D DD 5D 5 DEEIREZ 1T - 72, fA72 B 23 HEE L 72 CER
X, 1 A4720 7.1~14.6L/h (Fig.3-6) TH Y, CEATMEINT WS 1 A%/ D 7.8~20.2L/h (Table 3-
5) LIREALTRI—TH o7z, ToENE, Wi H7ZRERE MERAE OMiF 25 CER ICHEL, % 72{KED
LB R RD DD, ROHMNICL2bDTHL EEZLND, MEARFECIEREESE, H
oSS, MREORHE, Y RBOMEIL CER L8252k \wE ) TH 5. AWK TR LN CER I,
ASHRAE #if% 62.1, ASHRAE Handbook, ASTM D6245-1823 IZ/8 & N7z iR TRt S iz & 12IZFE U
THY, 2~8%DEENH - 72 (Fig3-8). X 5T, Fig3-8 (%, HEIRF D CER IWERE SR E T,
STEFMOFHEEL L T0E L E XD HH31~45% K2 ERIRL T3, Fig3-8 IR d &I IT,
ZNENOTHIE T A TIIEE L 2K (MET ) 13874222, RUEESHCHT2b0TH 3.
ASHRAE #l#% 62.1 (¥ ASHRAE Handbook % L, MEARFFOGHZE met=0.7 & BEIFERFORFHZE met
=10 EEELTWBDITH L, ASTM D6245-18 (% compendium®*0% S04 L T, HEAREFDCHPE met =
0.95 L BAEERFO K met=1.5 LEZEL T 5.

20
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study Standard 62.1%2 Handbook'® D6245-18%% Standard 62.1% Handbook' D6245-18%

Fig. 3-8 Comparison of CERs estimated in the present experiment with CER calculated using ASHRAE 62.1 and
ASTM D6245-18; (MET) represents the metabolic rate (in met) selected when calculating CERs.
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AAERIL, 24°CH> 5 28°COMDIRE L5 3, 800ppm 2> 5 1700ppm ~D CO, L FF T/RE NS IAQ
KT ~DEFED, CER ICHER2 G2V L EZRLT W5, T/, ABRAEMED Ba 35T o
<, CERDERZH ERFTHAL LW LEZRL TS, i, IhF CHEERICHERINZZ L
KT 5 (Exp.l 8T). AL TIE, HEIRT OPERE O 2 — VI3 ER B Lm0z b
Zbnd., BEEFOERE 23R E LU OWIE T, HHSNBRE 119200501 T 34D T O REIR O ik
PHTLFEIN TS, WELIAQ DL N 2 55 OMERF O AR — v 2 E= X2 —F 572D
IR LMAVPVLETH .

AREERTIE, /NEWie2ibd CER DRIEMICHELR O, FgT2L, BT -A%2Z) 116+
1.0LM, ZHET—AY472D 107£1.5Lh TH-o72. Fig3-9 XV, T24M1700 O CER 3Lt & v Bkl
BiICmWZ eobnrsd, o2& Tid—7TcldBiE, 7 cldktET CER 2AE ko723, ZDHEIC
et AR IR T E A d o 72, Westerterp & 3203, {K{AHE 2 & BKEIC &2 % 1227 TC SEE 2883
L, CER b3 2% &2 AH L7 (Table3-5) 28, AREBTIIHED A EAEREN 572 (Table3-2). —
75, Zhang & 3303, BMI 25 W HER#F 13 & SEE 28K 72 % C & 2R L 72, Fig.3-10 TiE, RERHE

(BSA) 73 CER I KIT I &Rt L7z, iZ e & CER L IEOMBERH 5 2 L 3bh > 72, KifFET
X, BED BSA BXMEL Y @0, BEIEFETT-HBEDORWHRSGRONLLEEZ LN,
L2 L, SEoERO it 215 2 FBbE, CER 25 11 AOHEEICOWTL2HEES L ThAan
TLThHB.
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Fig. 3-9 Estimated CERs under different conditions for each sex with boxplots and individual data.
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Fig. 3-10  The relationship between CERs and BSA

A COx IR % 420ppm (https://www.co2.earth/) L {RE L, AW Tz CER # W TEEOHAEY
HeE L7z (Figd-11). BEIAQ LIEIROE 5 XL U HDIEENT + —~ v X & OEEN BRI TIRE
I 7z COy V“/V%ﬁﬁﬁﬁ L7z ¢+ <750ppm (FREAR OE A3ELI 720 W #HiPH, > 750ppm (ZHEAR OB 23 ELAL 5 A RE
PEA3H 2 HiPH, > 1150ppm (X HEHR DB 236l 2 HiH, >%wwmi@m@gaﬁa@¢%ﬂ7ﬁ~vvx
ICRE R T THIHZ BT 2. Frx ol cid, MEREEZET 2720 IC3EZE0RKET 1 ADLY
10L/s A L8, 1 ANH 7Y 10L/s Kii TIZMER O EICHE S 2 A[REMED S v, SL/s Al T IEHENR D E i
L, 15L6s K CIRIEROE S X OHHOMLHORENICGHET 2 2 3Rk, b eI
ERDDTHY, SHOMIETOMIBHETH 5. COd D EERFAEWE (F IR o4k
V) DREARRT—h—TdHb70, BEICMOERBGRIELD 2551 s oS EIT Rk
LAREEDS D B .
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Fig.3-11  Calculated minimum required 2% s per person during sleep at different levels of indoor CO2. (1)
The interquartile range of CERs measured in the present study was used (10.1-11.9 L/h per person); % & s in the

EN 16798-1 for bedrooms are presented as well.

BEOIRREBICEAT 2 HAEEIIRON TS, b DHIKIE, Sekhar b 3N X > T D HLNT
w5, BRI, Ls, Lism? h!, COPL~_n, —AH720 0D Lis THAEZEREL TV 5. Figd-11 IR
L7zfER e ok ZT 5 7201, 5EE — ANz ) Lis THEL T 2G0T RFIHAMFHL E L
7. ZoftofEREIC oW, 1FE - BEOL Y, Al BEEEEZEET ILERD L0, BEL
mnZ bl L, BECTOHRICEHL X, /Y 2 —d TEKI7?*TIE—AY720 72065, A—A Y
7 ® ONORM H 6038 Tlx— AY 72 b 56L/s DIREZHELEL T2, Zofho 4 BlkgTlx, FE2E
DL ED 1| A7z 42~10L/is L HE S T3S (EN 16798-1, ONORM H 6038, GB/T 1888334, %5 X
N HAREILAEL 349) . 2 b OHEREHIE L, Fig3-11 i X, BIROE %%/ VELiERE 23, Sh
HIE L 7z CER IX EN16798-1 TERAH T\ 3 CER X 9 K7z, ZD 3 DS E TIIHUE CHE X
NTVELEDH COREMESRE I LAELLNS,

3.5 HIRREIH

MENRH D A 72 VN DIREE & CO IREEDMEE L, B L 72~ icHRi I iz, AWFFEICH T 5 CO,
RELE, A 7 e AN CHEIRF OBERE SR 3 2 RV E 0B % £ICZ T 5 1AQ DFiIEL LT
AER L 72, 1AQ DZALi, TVOC OMIEIC X Y iEFE X 7z (Table3-1). F 72, KRB L VI L,
TR 2 72 ACH OHEEIAA T 72 2728, HEHRBD IO DX BKREL D, BMENEL L C
LRSI N, S, MoRKRBETETIEEZRVIMNERD 5. $72, HERPOWBRELFDOH 7L
NOXITEITHEE L Ty, #EEEIE N7 7 P2z Tuizn,
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REFFEDHIRIZ, BMI 2SIEH 2% THEARA L PED bR o722 & TH 5. HEIRFEE % FFofibk
2 BMI OEK, ZOMmOFEERHEFZEENR TV ARVnED, 2ANEZRET I LTI, HIEIZ 114
DHEREZ I L TfTb 7223, Z OfERIE, HERICHERI N TV AR, 25 WIdiE T3 SEE
ERQEHWTHEEINFEROVWTNRE D T 2L DTH - 7-.

BEARFTE & [FRR, WG D 72 DRPIOR % 3% 7285, RFFE CIRIEBRE 232 @ X 5 Al 22 ChER %
& olzTz, BEIRSSM IZHEAT Cld n o 72,

11 ANOHERHE LASML Tt d 2200b b3, COREDHIE L H#EE CER 1X, RZTLic—HLT
Wiz, Ebic, AFEBRTE—EHLHEREr-7-EE 2% (RiEAR E<0.07 LA, H75<0.5%ICH
). ACHs OHEEREMET L, ZOHEEICHIATE 2R L 25720, MAENREL 2D L0
EWAEREE L IO ORI NA. 72, COMPEMEDIES DX IE 10% K LKW dDTH o7,

SR OFEREZHEL, @HAHEEZLT 3720103, V%D, 2LT, IV SRAEBREEZRE L
72X L7 BMEDBRLETH 5.

3.6 ¥
AWFZETIE, 11 A OWERE OMERF O CO M E (CER) ZHIE L 72, M7 CO MR X 1
ANH 70 11.0£1.40h EHEE X, PERF IR E 2fEE S 7 CIEFICHEIR L Tz, Z4uld, #ls
HOMERT 4 V¥ —H#EE (SEE) B X UWKE RQ) KT 2 A KT — 2 2RI W-fH
CIZIEF L TH o7z, F 72, ASHRAE Hit% 62.1, ASHRAE v F 7 v 7, ASTM D6245-18 % >
THEEL 72 L 1ZIZR%ETH - 7-.
KR E 24°CH 5 28°CIC EIFThH, #HKAEZIS LT COEE % 800ppm 2> 5 1700ppm I _EIF T
b, CO,MHEDHIEMIIEDLL o7, Tz, EHNAZLBREIN DT,
MEARIFO = 4 v ¥ —j4 & & (SEE) 1ICBId 2 BEERFZE <, MEIRT o#baE © Co, MEH & Id, HEAR
e HhoRFHIcEEI N AW LRI RT3, 72, MEIROWH (L HE, (kE, BE
D[], & EOREMBIL, MERF D COMFHE (CER) 22 (b3 42 Z LRI N T3, HEIR
th D BEPEHERE 5> 5 D CO M EAE T E W E X CHE I NTH Y, AL CHiERI N
7z.
ShlokERIE, BEOMA Y& - BHI 3 LCHAAT — 42t T 20 TH 5. MR
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HE4E R ZRE, BKE, Pure CO,EBELHFTTO COMHEDOAE (Exp.3)
4.1)F

AR D@ YD, AIEOHERE R (Exp.1,2) &9, ENEEEMFICL S COMTHE~DFELIME S
T3, FTh, WESEM, BRESM, MM CONC X 2MEHE~DFEIIRBINT WD, O
RERT T — 230 Thv, BEEFFE TOMRBEICOWTIEE 1 E (Table 1-1,2) Tib_7z Y TH % 72
¥ GREEZAE, WRELAMFICOWTIHE 2, 3 FICOoWTHSIR), AECIIEHETICIC O W T ORI E
FT 5, AECIR, WRESME, AR, MR COC X ATEEED COMEE~DHELIE L - 0biE
FERICOWTHRE T 3.

4.2 EBAE
4.2.1 EBEH

ARFERIFZARE 1.7 m® (1.4 x 0.75 x 1.62 m) D/NULGEE T -7 (Fig4-1). T DEAMEE T Bivolarovalo
DLUFNCHERAL7Zb DL H—Th 5. Fr v A—HNERHFo 7L Farbfftitanascick vk h
72, EREFF ¥y v N—DRFEEET 2HILSAL2HE—ICAY, RAESEI»LERO TR R v 7
T =R E 7z, RO 1.4mx0.75m & KE Wiz o, A5G IT 02m/s AT L IEFICEKETH - 7-.
PERUIIR 25 10em DETICH 2HOE 2 51TV, PSR 7 7 VICEfi I N2 X7 P b F v Vo —NDZ%E
S[EPHLZ. PR 7 7 voORERRIL, BA7 7 vORERBEFELTH -7z, HAOBPEFAEIZ, &
TR/ A= Z %2724 Y 7 4 ATHGE L 7z, a5 S ERREICHAE I N, F % v o —NIT/N
Mo b7 7 v CREA[OBEGEREL . BEA7 7 vid, H#E%E TE 37215 RO 720 ICRK[BIEREL
THEIEL 72 GREE).

A
Supply
=
, @ air flow rate
| -
temp —+— : @ 1.62m
RH —— I Mixing fans
|
CO, —+— heart rate | —t— temp
HRV ——1—+ RH
il SpO; ——— CO,
air flow rate Y _/"r
/ nd C Exhaust
/ " 0.75m

§
v

14
CO2, temperature sensor m
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Fig.4-1 Schematic of the climate chamber and experimental setup

BURIVTaT 68 (TYVTAN4H, S—uy AN 24) 258 L. WoDANREHANT — 2 %
Table 4-1 IZ/~ T
Table 4-1. Demographic data of participants

Volunteer Origin Age (yr) Height (m) Weight (kg) BSA* (m?) BMI** (kg/m?)
1 Asian 26 1.67 61 1.68 219
2 Asian 25 1.66 56 1.61 20.3
3 Asian 35 1.77 59 1.73 18.8
4 Asian 23 1.75 68 1.82 22.2
5 European 56 1.87 94 2.19 26.9
6 European 30 1.78 78 1.95 24.6

*BSA = body surface area (m?)

**BMI = body mass index (kg/m?)

SEZEIC T 5 ORS00 EE S 1172 (Table 4-2). M800 & WXL 5 1 DD TIE, WEEICX -
TRBIGIC IV ERK I NS COy D 800ppm & 723 X 5T, K[UEEDIGREZE L 7-. MP1400,
MP3000 & % fF1J7- 2 DD 5&tETiE, 581X M800 & Al LT, CO, A 1400ppm, 3000ppm iZ72 3 X 5
IR Y RD B CO, T ARG 5 Z & C, B 2 54T 5 % DD EERELEYE DIREE % MB00
ERLRNVICHER L7z, 51T, M1400 &IFEN 5 & ClE, A E%Z 475220 19 mYh ICb 32 8T
(Table 4-2), HEEREIC X o TREHISIC X D FAT 5 CO. 28 1400 ppm I % & FHEEI NS, &k,

ZDEMTIE, oA ERAEOEED RS2, 2 ofMx, BRIRE 23°C (M1400), 28°C (M1400W)
D 25MTHIL LTz, ZnSDOSEMTIX, 23°CTH o 72 (Table 4-2).

Table 4-2. Planned conditions for different exposures

Outdoor air Air change Pure CO2dosed  CO:z level in the Temperature in the
supply rate to the  rate (h'") from cylinders chamber (outdoor  chamber (°C)
chamber (m?/h) (I/min) level at 400 ppm)

Condition

M800 47.5 27.9 - 800 23

M1400 19 11.1 - 1400 23

M1400W 19 11.1 - 1400 28

MP1400 47.5 27.9 0.475 1400 23

MP3000 47.5 279 1.74 3000 23

MP1400, MP3000, M1400, M800 Tlt, ZFH COiIRE (EARAMEOHE) 2345E © COo, MHIE
IC5- 2 508 R T~Tz. 55 M1400 & M1400W T, & ERIC X 2 A HURIC X 5 CO, FEHE~D
WE LR, 5 00T RTICB T, #HEHEI 1.0 clo LHEE S N3 REMED H 2 ARk O &KIEE & H
L7-. Figd21C 5 DD5EMN0MR%Z I L /- E %R 7.
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Add pure CO2 Add pure CO2

MP1400 + MP3000

M800

M1400

Decrease air flow rate

Increase temperature

M1400W

Fig. 4-2 The five exposure conditions

FFEEH, I F X v S—ND CO,, W, MXHEE (RH) ZHEIE L7, CO#EEEIX INNOVA 1302 € =
2 —TE%DFEE T, Vaisala £ ¥ ¥ —1% Hobo B 7 —ICHfi L, F ¥ v N—NORE L HNEE RH) %
MR +£0.35°C, RH @ £2.5%DREE CHIE L7z, T O IEBRERNICKRIE L 7. BREIZFRITO 9 I
2o 12 K, E23FBO 13 K 16 BRICHEE L 72.

OB, R COLMEE (ETCO,), MR, Z02A@RERE, MhBERME (Sp0y), LIHEH)
(HRV) ZHIE L7z, OB, WBESESELEZXA Y FOoR~2— L b CHEFMICHIE L 72, KSR
£ 1% iButtonsTM % V> CEBe i ICllE L 7z, ETCO,, SpOs, FEHEELIE MedAir AB @ Lifesense Monitor %
i L CRIRFICHEIE L 72, ETCO, DMIEHIFH X 0~9.9kPa T, FEEIXELEITTOEERIC X D £0.2kPat+6% T H
- 7z, SPO, D HIE ATREHIFH 13 0~100% T, M IZ£2%TH - 72, MR E ETCO, 13, SHHRE 0815
BRI 72225 D CO IR, 37 b bR & W ADIRE 2 i icE=%—9 5 Z LIC X VH#EE L 7. HRV
%, WERE ORISR v — 2 A L, KEIMEEROZ( Lz E=2 -3 25 2 L THIFEL 7z. HRV D
IR RS C O Fat L, HENERE 2 50ms LA REE 72 2 A (pNNS0) CHRIE X7z, pNNSO O i, (Lo El
R 2 KL, A P L RADFEEZITLLEFEZHNS. pNNSO OfEMEVIZE, A L AL ~X)L
DN &R ERT S, pNN50 13, B+ 2 Riio v — 27 (RR HkE) 25 50ms L ERZ 284 %R

L, DAZHOHEED 1 TH 5.

R - PEXRF D COL EEE D HIE X, WERE 25 D CO,MHEZHETE T2 720 flif L 7-.

HAR Y R_XP 5 CO, ZIRML 70 (M800, M1400, M1400W) Tl, CO»EENEHFIREIEL 72
B CO RED B Exp.12 EREOXEZACTEHEZHE B L. —J7T, MP1400, MP3000 T3,
HARY RDPORIFDANVF v TG EED F = v F A= I CO, ZIRM L 72728, Eq4.1 % fEH
L7-.

G=0(Cpeime = Coue ) - (4.1)

T T, Coerme 1T V0 DS I NAAIF 7 CO2 & BEERE I L 72 AR CO220° 5 72 % COLiE
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B, Couwre 13HFEZR CODWEDFE T2 COLURMET, WERE DT v v N =2 LRI L TEORICEEL 725
N COIEED HLEH L 7=,

¥ 72, COAREDMIEL, F v v N —NOWKEORHICHHHING., 2070, #HFRERZRD CO,
BEEAIE LREMREEZE2. oL I L THEEINBABEIL, AV 74 A LEF~/ A—X—%
FWCHIE 7= a5 mg e i < iz,

4.2.2 #EEHSIHT

HIE L 728 T A — 233 2 TR COL IR & iR D o2 % FHT 3 2 72 0 12 3Bt (ANOVA) % i
L7z, #atatrix, 2o BHMD7=®ICBEFE L 72 Visual Basic for Application =@ — F % FJ\»C, Microsoft Office
Excel V7 b v =T (016 X"—Y 2 v) ZHWTEREL 2. AEKEIX p=0.05Q2-Tail) & L 7.

43 fER

Fig.4-3 13, M1400 I B51F 2 6 AR BDOEN COIBEORERINZELTH 5. ZDFEMTlt, EERRKR» S
110 2214, ThbHBEWEHRELF v v N—IC Ao 2B 6 F ¥ v N —ND CO, B IFE %%%_L
7o, HFERIZ, HMELF ¥ v =T Ao T %#&%%émi_Fg¢3ﬁ,ﬂh@ﬁ%@ﬂk%c
TEHARED COREL RV DEVERL TS, COMHEOME AL, 6070 (=BG 5 90~150
57) DEFREFEEME & L CEFIRED CO A B L 72, 150 4341C %ﬁ%%@%é&,ax%ﬁ@ﬁ%%
M b HSREE 2 B L 7=,

1800 . . . . .
Subject1
Subject2
Subject3
1600 ubject

— Subjectd
Subject5
Subject6

/11| =—Average

1400

1200

1000

CO, concentration (ppm)

400 1 1 1 1 1
0 30 60 90 120 150 180

Time (min)

Fig. 4-3  An example of the evolution of CO concentration in the chamber at condition M 1400

Figd-4 1%, SFEBEMFICHT 2 COMHBEOHEEMEZRL2dDTH 2. HHE L x5 M800 5 & Hilk
T25L, FHRCOBENEWEAD CO,MHEIX, DTFHrTRIIPERECHSLTE LB bh
%. MS800 & M1400, M800 & MP3000 D] Tix, CO,MHEICHE R (p <0.05)23EZTE /2. M800 &
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MP1400 DD 71X, AEICIEDO W (p=0.068). FEild#% 23°CH 5 28°Cic EiFf 3 &, COMERITAER
IHIML 72 (p<0.05).

P<0.05
i ] }
v P =0.068 e
2 - v P<005 v
-
20 -
=
S 18} T
(0]
B T L
S 16} . .
S
%
é 14 + * R
qJ -
8 12 + i i
10} =

M800 M 1400 M1400W MP1400 MP3000
Experimental condition

Fig. 4-4 Calculated CO; emission rates under the five experimental conditions

Fig.4-5 1%, &FEBEHT CTOVEETCO, TH 5. #iFZr CO, W ADBMIT LY F ¥ v N—HND CO IR
ERER T2 L, ETCO, 28 EA3 % Z & 23fERE X 4172, M1400 & MP1400 Ofd], M1400 & MP3000 DI
THEICHEMLZ (p<0.05). M800 & MP3000 DD = IZHEICITIO V72 (p=0.054). M1400 &
MI1400W D TIE ETCO, ICHE R Z1I 7% &, ThbbH ETCO I T 2 5D E IR TE o 72,
¥z, BREHIRL CCOREE LA X754 (M800 vs. M1400), D% ) F ¥ v N —NOEEFEEY
HLARARERLEGAICDER AL, RY_p0f T 52 & TALNIC COREY LA I ¥ 255D
A, BTCO, 25 5L 7=,
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P<0.05
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~
(&) ]
»
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Lol I

T P=0.054 T

35
M800 M1400 M1400W MP1400 MP3000

Experimental condition

Fig. 4-5 ETCO; under the five experimental conditions

Fig.4-6 13, HFEBEMICH T 2 0A8OBEREZ/RLAZDOTH S, M800 & M1400W [E, M1400W &
MP1400 I CHEZE (p<0.05) 2B 5HN722%, M800 & MI1400 [, M1400 & MP1400 [ T3 A B2 IXHEE
TEhhol, TNOLOMRIE, (PERINE L) HRICGIEEDOHER S /- LEZRBL TS, L
22L, MI1400 & MI1400W DEICIZEREEN R o7 &2, EERBEYE D HR ~OFE I 2K
FETE R, MI400W & MP1400 BICIFARELH o722 &2 5, COMEMIC X 2 HR ~DFE 3740 -
e eAEmOT b LR TE B,
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P<0.05 P<0.05
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Fig.4-6 Heart rate under the five experimental conditions

Fig4-7 13, SFEBEET ORI (M, 43) #RL7ebDTHS. DX 5 LTHIE L 72 FFREL
L, FHFETHEERZIRON R o7, COMHENEFICL o TELAZT L2 b, HEL Tk

WS (U bv ) SSRMFIC K o TR o T A AR H 5 LR I NS,
22

20+ L
e 18} T
[oR
8 . .
o 16+
g . - .
c
S 14t
g
2 12 - - T
2 A
14

10+

M800 M1400 M1400W MP1400 MP3000

Experimental condition
Fig.4-7 Respiration rate in breaths/min under the five experimental conditions
Fig.4-8 I, HRV (Heart Rate Variability) 1CBIL T, FAFICK2#EE RV LEZRL T35, MI400W D
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SETiE, BWARPUEIC X > TS 2D R P L ARE L EZBNS X 5T, pNN50 fHIZEKD - 7223,
fth D FERSAFCHIE L 72 & K ZE 2750 5 7.
70
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50 T‘ T_ -
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|

M800 M1400 M1400W MP1400 MP3000

Experimental condition

Fig.4-8 Heart rate variability (pNN50) under the five experimental conditions
Fig4-9 1, SFEHEMFETTHMEL 202 HDOKGRETH 5. MI400W TlE, D EDEAFELD b
BEICED» o728 (p<0.05), ZDOMOEETIIEREEIT L2 - 7.

P<0.0I P<0.01
| | |
. | I l
T
3¢ .
8 T
? I
5 3t T T
o
(]
Q- * L J
= i
g 31t
2 L J
2 _
wlll
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Fig.4-9 Skin temperature at the temple under the five experimental conditions
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4.4 E5E

KEFgECi, EEEIC L2 CO,MHERR, BEEOEHZ T TR, [RIRPRRGEYAR & OEREEER,
BARMICIE COr 7 E O ERFAEVEREICHEEINL L 2R L. 2 bid, FIRIC X 5 CO, M
HARAD X220, 720 35BN ICET SR, ZEiR1‘SbT I B L, BATRIE 4
U2 EMHBEREML, CORENEAT 2 LHEIND TS, AWRICSML R E DT, 6 4
THo7Tedd, TNHLD COMPHEZNDORE I ZMHEFRICHMI T2 2 L IZTE R0, HEERO»%Y
DIELDXFRLDbOT, THODEIT p<0.05 THEMWICEE LR Sd, TOFEBELICH®D T
W (p<0.06) 728, ETVELLEZLZRETHD L ZMATINELD 5. BRINMEDOKEZ
IERPEL ML T 2720, 72, SHOHMEZHEIE SN/ COREL» OIMRBZIELZD, CO,%Z A
NERE L CTHREZHIET 2 20 EHALZ Y T30S, b OfimEMGET 57201, XhK&ExR
IN—TERO7ZFAROMALBLETH S, 2iIh, FHRCOBERLHEEICX2HML Y B, COMEH
RICHE L5 25 E20N5158), Fin, EYENERLICL 22T HEECTH ZAREED H 5.
CNBREENILE I 1T 27201013, ILRIMELRDETDH 3,

SiEOTIC LT B L, COEREIZERLAZ T/, LHAKDBML (Figd-6), RHNEEIZNEH
WKl o 2l L BRBEINTZ, ZO2200WEZNENICE T 2RHEZIEROBECHEL - L& 2 5,
28°C T3 92W/m? (1.57met), 23°CTIE 66W/m? (1.13met) TH 2 Z L HBAL . L7=28- T, X% b
F2 e, BOMBYEHE2 O PREOHEA~LEHEEZHECTO L UL O WRHENEMNT 2 2 L 2bh
o7z, ORI, EYOREFESEL VELZEFHLWERK LS E, chooRBEIIRBIcEELS
Z, BAHL ORISR I L2 GG L IR L € CO M E NS 2 & & 28 L 72 Luo © DR Exp.1 D
ERE T 5. AWERTIE, ZO2AOKEERE (Figd-9) X, BERELEI VLR BME %2,
X 51T, MI400W Tl HRV 2 bK< (Figd-8), AREARMRECEAvwd oo, WMEFFRICXY XL
AREL ol L L BEAT S

T 7z, WE EFKRRC CO, DMHENS W L iF, ERREMEORKERDLS W L 2R TAREEL D
5. UL, BEOHSHEIK T, 27°CEx 2 2imE CRIKEZHMI ¢ TNE R bR 0w w4 —
A+ 7 )T ORI AVERNT, EIRCTOMKEZHMI L2 L 3HEI N TRV, &R TR
ER I E, COMHEIFZNML v TRAEZIE-CTHEIT R \WIT 722, ST TR ICHERD
LRENRDH B, 26°C~27°CL Y mWIRETIE, BWIh Iz 2 2 L ARG G2 H 5. 2 DHA,
B AR OFELYRINT 2 -0 0B RGO EE 2. BWPuEtEE T A Ic X 2 8, EiRTHOEP -
BB IC X > TR EME 2152 C &8 T & 5. fTEEIC T, KIROEEREA T2 Y, EHE%
BWoOLED, MOrDHETCERDOEBE ZIERICTI2AELT, IORIGHERT. EHLLETT
&, fRHEXRTHAD, COMHED T T2, FERICHFETZ Y, LHEELOFEL 5%
DEEETHEL, CO ICH IR E~DFE LM T 202D 5.

HYIEDE O & EICEFEE D COMHEIME T IUT, CO, & H 72 BRI 2D Y 2 "Bt &
2. 2% D, COEE LD BERWE DK & Ol o B 2R PGSR -0, ARREYEERE D L
H35L, COMNEROEDZHFEST 272D IR BEZHECI LT A b wAlEESRKR I NS, £
7z, CO,MEHHE DRI, BHlE 7z CO, LD b EBONGIREEZHEE T 2B W EE 52 1]
B2 D 2. 2 OBMFAEZITOMRICECT, BAEZXIET 2 LEIAAETH L. ZDkD,
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CO M EDZM L EARGEL T, HIE L 72 COIRED HHEET 2 Fikn ki Tch 2. LarL, ZhH
DFEFIL, TORESZ Y TRWATREEZ/RE L Tk Y, FFICHE I Nz COBERE WA, %< of
L CHEE S N E IZEE > CO R ATREES D 5. AFERIE, CORENE VLG (525wt Co, k15
e LR EEREAEVWES) 1Kk, BEED COMERENIED L 7w E L2560k E
X0 b, EEICIIIRAEMEL R 2 lREME "B L T3,

4D ETCO, DAERD X 5 1c, MEEE (@) oA X v i+ o co, oPEH A L, A =
WD ER L6, COMHEDA L, ZOfER, Wargocki & Wyon* IBRGE L 72X 51T F—v
ADHFTHITHIL, SRR AR L 7 56 c bR 2357 2 2 SR BB RO EL LR T2 LT
BNz, WR-CAEMBINICHEY 5 2 2GR, #Re L CABRBERS X7 + —<v VY RDKTICD
B LAREES D 5. BHRBICH 2D, REFE N7z COy IR KD S PEH & 2 23, I T
R — Y AN, CO, FRIC K 2R AT + —< V A~NDEERERINE AN RLE LTHY
b Bbis v, KiffgE T, FRIHR COIRE DM ETCO, IZIEM L 7223, WAL
(breath/min) (CIXFEE D 2> > 72 (Figd-57). ZD X 5 ITHIE S NMEBRBAEN L b o722 &1,
ODIAZEEN D3R AL & BB B L T 5 72, HRV (pNNSO) ICHER w2 b b HEAT b 23,
ZNTHEMIC X > THIRGRED B 2 A[HEM A H 0, lH CO, DI A A L~ )L DN O B (3K 4]
CH B eI NG, REKRDO LR HRDEFRICE > TRING) ITX D, (KT CO 2 ERK XN %53
FEREMT 21395 TH D0 FRICL 2D 5 9, ETCO, XAR EFEHCIIIML 2 h - 72, Oiagki
gL, PRI (R, 5y 1B ZRds o 72 DT, COLMFHIEAENN L 72 D 1%, "R E £ 72 13—
K[EPHEINL 72720, THROLFRPEL hoTe?e®d/ZeEZbNDE. TORERGEL 5 % WIEE 7
LFREST 74— EDMDMEIZITHRP>7-DT, SHBOMEICEBNTELINEIREZLTH
5.

CO IRED 1400ppm DEfy, Ky 55 CO, %5 L T CORE % m® 7285t (MP1400), ZE5fitfs
WO L TRFICXVRET 2 COL,EELZEDEE (M1400) £ Y b ETCO HEREICHE L oz
(Fig.4-5). TDZ ki, fhoEEREVE DIFED CO T 2 B I % 2L & 2 72 nTREM: 2 R
LTkY, SHROFERTORRENZRAET 2 L2 H 2. b LZ I THiLE, Fisk & 49 Du 6 #9728
T Lo, MR COZRMLTCOEEY ERIZ LR T + -~V AMET T2 &) FhE
23, FL COREZR 5 720 ICHNVTBHGR % N IF 256 B U 28R 2B KGHGi 3 2 R H 2 2 L 0
ML 2 5. LA L, Zhang 51T X o THE S (L2 D IEF ICHLL L 72 56k 12829 ¢ i, =N COIRIE
23 1000ppm LA _EIC¥8N3 % &, ARBEWEIEMT 22089 2 hb 63, ETCO VAR ICHEML
2. TNbOFERTI, HELFONLTUHFEREIT CORE % 500ppm £ THTF 2D+ TH o728, K
F2BR D FLHESLME MB00 Tl 800ppm £ TIE T L7z, Z DiEW I, AEBRCABIKEYE BIEET 355
2, ERL7ZCO P ETCO ICHEER#RISET W EBHLATHE I L 2iitHT 20D b3,
pPNN50 TR E N5 .0AZE (HRV) X, COZHME BT EL L ndr o7z, ZNiE, av ey by
12l—vavTCOLZLERIETH, TAMERIFTE 48y PORMLAL_VICITEEL v &
H L7z Cao LOMIE DL —EL, HOPME L 0-T I 7KL EFICH S, COEERE W
ER M LUADEENT % L\ 9 Zhang b "BODGE &L n e,

Fig.4-10 ISR 3 X 512, #if CO, M RADIIIC L Y CO, FHEE KT & 2 & ETCO, 133EINT 5 23,
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WA (breath/min), (DA%, OIAZBNICIIRE B2 5 2 b > 7. —fRIC, ETCO, IX AR E
ICRHBIL, COp MR IFIPA R I T 2. WA I N7z COIRE A W &, ML (breath/min)
FZEL v ol —SREAV NS K 72 s (RI5) mIREtED ® 0, Zhp3 5 h ook b H 7173
LEbns.

55 | T
® M800
H M1400
A M1400W
O MP1400
O  MP3000
5F _
- i
o
—3
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= 8
L
45 =
4 I ! l | | \
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CO, emission rate (L/h)

Fig.4-10 Relationship between ETCO2 and CO2 emission rate (Mean and SD)

FLHELAE (M800) ICH 1T 5 BB E D CO,MHEDMIE%Z, ASHRAE v F 7 v 7 % X U Persily
and de Jonge THERE X 11T 2B CHEE L 72 CO, W& & FHER L 72, CO. M E O HEE 1T, IR
DIFZEICHE S &R % 60~70W/m2, 1.3~1.5met, PEPG% 0.83 & AHE L7z, Figd-11 12, EFED CO,
O e R e H I L 2HEEM L DI E RS, 2o X oI LTCTFHllE Nz CoMHEIE, &
FBECHIE X N7z CO MR X Y 35T E W E & 72 572, ASHRAE Handbook TE% & 7= R T3 A
<, Persily and Jonge 23125 L 7= #2513, WHFH OEMEZEE L T3 70, XV IEHEIC COMiE%E
THITE 2HEEMNELA D B, D Lh b, BEMBTREIN TV S HEER, COMEEZ BRGNS 2
ATREMED D 2 LB Z DDA, SHOMFETHILL T LERH 5.
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Fig.11 Comparison of CO2 emission rate with the values estimated from empirical equations and in other

published research

KEEICSM L - E 13 b T 6 L Th o128, KRNI OEELERTD b, - OfEEIL,
DRERIN—TTHEEL, ZDZELZIEHIL L DEIC X % COMHEDZE L & EREIE T 2 T
H5. WEHIZ, BESEL ozl L EAETE 3 EELEFLIMNG, BESBICOVWTERTH - 72,
PR E 13RSI 2.5 K 72 O BEE S e, AEBRCHER I W22 LA, X0 RRFREREE L 72358 iRy
INBZDEIPIEIAHTH S, ZOHICOVWTIE, SHROEBRICBVWTHET 3LELRD 5.

AREFRCTIE, HHREIIATABSOEREEVEICRBZINT., EEEH» OFRET L EREERBET R
FLTH2IITED, ZohIcIAERE 3OEBKIE 8] 28 TYENFEET 2 EEERH 2.
DESBILDBDHBEIEIIE, SBRAETILELD S,

4.5 ¥R

AREFECTIE, W LR B X OFAK CORED, EEED COMNRICH 2 2 ELHREL . RE
% 23°CH b 28°CIC B €2 &, HIE X L7z COMHHENHREICHEML 72, ¥k CO, 7 X DEHIM LI R
HABOHIRIC XY, FHA COLIEE % 800ppm 2> 5 1400ppm, 3000ppm AN X & 2 &, CO, M-HE T
AREICEA L. LaLl, 7 F—v2o8m (ME+F D COREDHM) %7733 ETCO: I, #ikeie
CO W AZRRIML 725G BIEML, Mo EEFEAEYEOWRE ML 7256 3L o7z, 2DC
L, BENELUCHIFR CO, 2T 2 XIS 7 3 —< Vv ZPMEF T 3 & 5 BB AR R DY

TN

B BKFH S 2 e Z R LT\ 3, IEIREC (breath/min) IZ2WTlE, UM THEELRZIZIR >N
oD T, MEEE (Liter/min) OZ{t (MV) BB INZ A=A LTHELEEZOLNS. LAE
FCRANS A PLRIE, FHARCO L TDH, 28°CTHE DL Lo 77.
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ESE FEANEREICK 3 COMHE~DEEIC OV T ORER
51

AR D@ 0, AHFFER % DI D BERE FER 1454012 5T, ZBAEICX 5 COMBROKIERFA (<13
~23%) DEI N, KEERIE, T TO COUREOESIEIE L L CoXKENEE % 5 2 5 WRelES
HY, Fo, MRICX 2HLKIELROIEE L L Th, COLN D NMEFETTRYIE & OMIVEGREZ R TE LD
HbH., LI, COMEBOHUEIXRHMEME FED 1 2Th 2MEARNEERCEVTIHAVLNTE
D, HEREOWEIZELREIC X > CHIE I N2 EFHELZ T 2REEI RBINE. 0k AER
Do, ZEERHEICK D COMPRENDEEICONT AN =X LDRES XU COMPETHIE T AALEL
IN5.

—J T, Table 1-1 IC/RL72 X DT, TNETHITHHRLLEEZ LN TE ZHKINEL ~L D COEME
DLEFICOEZEE~DEHERREINTEHY, E5ICIE, Table 122 DEY, HEIEEL LT3l
Fede CO A AZRIMNT 2 2 L TIEINEL LD COHEEE~DIETIC X - T, [FIEICERE N
INTW3, 22T, ENRTREXNCEVTD, INHOERELEE L HZRE%iHliT 2 LELH
5. Z D7, FEHRFICE T 2 225V RHI O 72 0 O @G 5o AR o K6 % T3 - STl e RE 2287 72 72 CO
ST E TN DRAFESIARE I L 5.

INLDZ L Db, RFFETIIBHIME-FEE O 7 2R % Z 5 L 72584 7 CO M £ T v & RERElE
% Bl L 72 CFD F @ Digital Twin €7 V& 8K L, HiE O# R F258 % FEE L 72 BUE AT ICHU D AHA 72,
IR B TH 5 MS00 5 X WMEIRAESMTH 5 M1400 ZXfR & L7z, T 72, MI1400 StFoFIRICH
720, EIRAEICE S COMERBDOFY A A =R LI DONTHREIT 2720, EEREOKIA DA 2 FHE L
T — A %KLL L, BEHEERRSE L9209 G X 722 MERRARE ) DI A T L 2R RO R B 3
— ROV 2 ML 7. RETIX, ZOBRICOVTHET 3.

5.2 fRATIEER

5.2.1 Digital Twin & 7V

AT TIE, 5 4 EOPIRE R Z 5E2 I L 72 Digital Twin €7 V%2 ER L 72, £3, XGIR%E D &
I ANSYS/SCDM %M\ THEiZFEfMi L - NTLAREZHBHL, 22, #HE2zHHT 2720, HBAIA
AR % SIS L L 728U AfRE 7 v (CSP) SV ZEA L7z, & Hic, FXGEICH T 2 ELIRILE D
BLOWPIRIC X RO FHEDE NI X 2R AR T 5720, S, 6 7 FE TR L 2 MEXUEET
LERE L, ALAIEE, CSP, 5UlEE 7% & T Digital Twin €7 L% Fig.5-1 IC/R9. 7&d, COitlt
AR R B ORIRTH 223, AR T 2 BEEE 0%  IFRERE TD CORMITIMAL Tk
D, KEFFFICEVTHRBEETARETD CO,Flux % 0 & L7z, K Digital Twin €7 LD Y F X b U %4t
L& LTFig52 DX 5 hatHEHF Mesh) %2{EL 7. Mesh fEk-¥ T A — X % Table 5-1 IC/R3. 7z,
TR L —BT 5 & 9, BiIRSGML L GRAMREZ SIS« 47.5m¥h, EIEKESM 1 19.0mh &
L 7z. A CFD f##7 13 ANSYS/Fluent 2021 R1 i€ & Y FJEEAMETRAZIRE L, CSP Ol Z FHEL L Tk
HE T DE RN 21T - 7214, % OFERZ PG L LT CSP IT X 2 Wk % PR L 7= 6 | AT % 920 L 72,
FEA 72 AT SRR I D TUEER 52 10T (COMPEHNIC R 2 B = 7 v Ic B L Tt 2 SR,
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High vent :47.5 m’h
Low vent :19.0 m¥h

Supply inlet (23 °C, 400 ppm)

_— Mixing funs
(AP = 5 Pa to CSP)

" b A

1.62 m

Desk

AN
Exhaust outlet - !

(Gauge pressure = 0)

A

]

%

Fig.5-1 5 4 BOWEREFEER % XL & L 7= Digital Twin € 7 /L

p— Computer Simulated Person

Fig.5-2 FI&&T
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Table 5-1 Mesh {Ef{ -7 £ — %

Volume mesh (type: polyhedral) Maximum size Growth rate

Chamber 45.0 1.2

- Airway 3.0 1.1

Prism mesh First aspect ratio Number of layers Growth rate:
-Wall & desk 10 5 1.0

-CSP 12 6 1.0

- Airway surface 12 5 1.0

Table 5-2  fiftfr &t

Mesh

Turbulence model

Radiation

Algorithm

Gravity

Density

Thermal expansion coefficient
Inflow boundary

Outflow boundary

Wall treatment

Scalar (CO»)

Chamber: 514,500
Airway: 1093,305

Sum: 1607,805 (Chamber + Airway)

Low Reynolds number K-epsilon model (Abe-Kondoh-Nagano)

Surface to surface (S2S) model

SIMPLE
-9.8 m/s?
1.225 kg/m?
0.003333 K!

Temperature: 23 °C, CO, concentration: 400 ppm

Pressure-outlet: gauge pressure = 0

Velocity: no slip
Scalar: 0C/0x =0

Temperature: Adiabatic (chamber), Fanger model (CSP)

Passive scalar, diffusivity: D = 0.164 cm?/s

522 EEFERET NV

AIEHTCTIL CSP IC X B IEEHMRZFIRT 21CH 79, 1. K. Gupta H OHFFE 52 1cH-O &, Fig.5-3 1T/
FTIEEFEER T 0 7 7 A i H iz, KRR 7 07 7 4 i, FREEZ(C % Sin BIEUERIL 723 D T,
R, PR DB A 2.3 &b XS, 1 WY 4 2 vicEd A — MR E 155 2 L TE 3.
AKIEHT Tl — %R (Tidal Volume: TV) % 0.5L, FRUREFR% 45 & L 7=,

T/, BRAED T — X (M800) IZ2WTIlE, CFD T OXRIEIK L L CRER GO R o7 — R

(Nose) &, XKUEET VA LXIEN%Z CFD @t L 7= 7 — & (Airway) ZHEL 72, WEF L H, PRI
DFAHHNICH LIFEFEIFR 7' 0 7 7 4 MITHE S —BRiitR 2 5-2 5 Z & T CSP Ol 2 Il L 7. 272 L,
Fig.5-4 1Z7R 3 X 91T, Nose (Z&FEMICH LT, Airway I3 50E KRG Z WA OMARE Lz, 22T,
Airway D% 5GE AR ICN T 2 B ECEL I Shelley © DTV SN X Y IRTE L 7=,
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b, R BELEFICE TR 22 7 — 2 (M1400TV0) & i35lic, L L 7Z%E5HEIC X 2 Rk
SUHEST DK 111192029 % — [ S B (KR & L CHBIL 222 2K TED 3 r—2%Mx7/. 1 2
Shriram'? & 2375 L 72 FEIRHAS N T A — X OFEERICE D &, —FHRE DR HEZ 10% LIREL 727 —
A (M1400TV10), %% 3 2 DIIEAEMGT O 72 DA% 5, 15% & L7z — & (M1400TV5, M1400TV15) T
Hb. %7 —ADTV % Table 5-3 IC/RT.

2 : 3

0.6 - nhalation = Exhalation
04 - 1.6s 2.4s
=02 -
2 A
£ 0.0
= \

-0.2 A
E [ Tidal volume
~-0.4 -

-0.6 -

Transient breathing profile

Fig.5-3 FFEHMR T w7 7 4 v
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Fig.5-4 Wk 7w 7 7 4 viche s A (O - Sl £ SGER)

Table 5-3 %7 — X I BT % Tidal volume

Case Tidal volume [L]
M2800 0.500
M1400TVO0 0.500
M1400TV5 0.475
M1400TV10 0.450
M1400TV15 0.425

5.2.3 COMHHET L

KIRHTTIX, COMEHHEREFHINT 21CH 72, Figs-5 R TREAMEOMRIZR ZHA - Btk L/-=
TNAHREBANL 72, RET VTR CH % 5l IO W TR 72 (Inhalation period: Eq.5.1,Exhalation:
Eq.5.2) Z#i X452 &T, ENER M TO COMEnilEnZHIR Lz, 22T, SVERER
02L EIREL, RUBETALEZHEAL TVARWT —RIZOWTIER 02L %, SUEETALEMRA L7 —RIC
DWW TCIE, CFD T %1TH SEET L ORME (0.117L) 27 L5172 0.083L # RET VIS CTENT L 72, &
72, Wil COEDREIZA L 2 RS 5 729, Ml EMIME 2> & OEE F B L 72 Bq.5.3 8 AL, i€
HIMAE D CO57 L Eq54 IC X V= ANT Y REEE L2, T T, WLAHKEERTOMMEERE % ERERR K
B (FRC) LEMEEo=E L, Fig5-6 D X 5 ISR ICHEV T 3.
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Breathing Respiratory flow rate
N (nose) Oyes [L/s]
. - N  frTTmTmmETTTTT Aj
Breathing Integration Coirvayn1(D) =
. A : = : airway,n-1 Vairwm»'_ 02L
rway Simplification ~ / :
‘, 7 Cairway, n(t )
A"
s S Y Pulrgonary Alveolas
gy P V(o)
‘o‘ . IS . .
§§§% T : i :ﬁ: o o o CO, diffusion
" "~ Alveolus -(P, {OIP5(0); - P (D) - c‘,,(to ( O
Respiratory system Pulmonary capillary Blood flow rate
Opio [L/5]
Fig.5-5 CO M- 7 W HEZE
Inhalation period Exhalation period FRC — Dead space + TV
— 06 > - 33
i 1.6s 2.4s _
i —
N A
Sl 02 N
% 3.1 o
=00 ' ' g
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= 30 S
=
> -0.2 - <
— —
=) 8
< i -29 =
.g -0.4 <
& 0.6 - - 2.8
- Flowrate - Alveolar volume FRC — Dead space

Fig.5-6 il CO2%7 = D R 224k

Time [s]
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dCair,n (t)

I/air,n dt = _Qres (t)Cair,n (t) + Qres (t)Cair,n—l (t) (5 1)

dC, (t
I/air,n %() = _Qres (t)Cair,n (t) + Qres (t)CA (t) (52)

P, —P :
dPA (t) - _ Qres (t) PA + atm H,0 I:lef—i_ Qres (t)cres (t):| (5.3)
dt V@) Vi
P
Inhalation period: Cm =C air,n (f ) , Exhalation period: Cm = %
am ~— 1 H,0
. n D
Var =2 =P, (=P}
1

dP,() D
ol === ==H{R, (0= PO} + a0, { Py (0= P, (0)] (54)

dC, (¢
I/llif’," a;;n ( ) - _Qres (t)Cair,n (t) + Qres (t)Cair,n—l (t) (5 1)

dC, (¢
I/air,n %() = _Qres (t)Cair,n (t) + Qres (t)CA (t) (52)

P, —P :
dPA (t) - _ Qres (t) PA + atm H,0 I:lef—i_ Qres (t)cres (t):| (5.3)
dt V@) Vi
P
Inhalation period: Cm =C air,n (f ) , Exhalation period: Cm = %
am ~— 1 H,0
. n D
Var =2 =P, (0= Py(0)
1

at, S0 = Lifp (-0} +a0, (2,0~ 2,0) 64
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5.3 fRHTHG R
53.1 [VERTRNIGIC X 2 RPE

SOENOEIRIEH O EL Z DM AR R~ E LRI T 2720, JEETLVERAL -
MB800_Airway & S:JPERHALIE IC COMEHE 74 % )G L 72 M800 % Ll L 72, Fig.5-7 IChilh t 70f% (FERA%
KEF) D COMENMERT. Fr v A "—WNIZRA7 7 VICL 2 HNDBXRNTH - 72720, ZulET L
DHEMIC X 2 PR OFRNIGICRE AR TR, MRREOMICOECRHERINRDr o7, 2L,
SUEETNAERA LG, SR L LC CED @i L T\ 3 720, b3 A ICHEHEE COHiiik o REfE
BN BB HFEICEREFATCOREASATA— 22388 L2, LiL, GEAEZEL, RXE
CHZELIER N ad o7, R JEETVOERICEDL T, COMHERIIEDHDH 144 1Lh THo
7z.

co2
Scalar-0

2.45e-03
2.26e-03
2.08e-03
1.90e-03
1.71e-03
1.53e-03
1.35e-03
1.16e-03
9.79e-04
7.95e-04

6.12e-04

Fig.5-7 M800 Airway 3 X X M800 @ CO 2N (720 s 14, WERMAKNT)
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532 %A CO:

ROy, SEETVOEEIAMFITCERAELZ G ARV L h 5, RO I SPERFLEIC CO
JEHEETAERBEISL, ZNHDT —ADRERER T, Figs5-8 T, M800 TOMNGEZRT. BRET7 7 v
BIXUOAEREARICL D F v Y N—NICERBATER S LT 5. ZHICtEY, AMERTHICE COLE
DIFIR AT E L, AE DR TR E iz (Fig.5-9). Fig.5-10 (355 COIEE D FEFIZ(L %
KT, FlET v v S —NOERETE COUREE, RITWA L 72225 D COREE, #&A3TF + v N — DX T CO
ARETH L. WMAZERD COUREE DD VLT T 5720, ZNTND COIRE XD AN 1.6
s [ COREIFEETRINTW S, £ oBA, FROERUITEREEBAFINDE D, F v v =2
INE ol e, BRA7 7 VHEICXBERFIC X o TR —DATRE N0, PEROD COMERE
DROEL, AEZRFLVEBREOEKERALZ., Shid, KIBKESMN, SfRKERMEE bR
n-.

EE ¢ m
0.0 1.2 [m/s]

Fig.5-8 MS800 5&ff T Tojiin
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Fig.5-10 M800 5 T T ity
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_ 1400 Inhaled (LV)

=

g 1200 ;

&

§ 1000 Exhaust outlet (LV)

o

Q

% 300 | /f [nhaled (HV)

S' 6001 / \

~ I/ Exhaust outlet (HV)
400 #

0 2 4 6 8 10 12 14 16 18 20
Exposure time [min]

Fig. 5-11 CO2 iR DIRf & i

5.3.3 COMHHE

&7 — ATD COMHiE % Table 5-4 1T T . AT TOEISESEMFTD COM-HEITFEFHT R ITED
Win RIS E S IO TIE, TV 2D S hd o727 — 2 TIE, BEO LRI X 2AL CO.DHM
WX WIMEHE SR LD 00, 20D EIIMRED 72 - 72, EEERICKEDIED WD 1E, Shriram 5 D
WME IS TV ORDEZHRE L7 —ATh b, Kiftrco [ZEKEEICK Y TV R L, Zoff
RIEHERD L7z] LI BRREZYTH o722 LRI Nz, 7z, Fig5-12 TRI LI, TVD
AT XD WRE COA ED BN L 72, Zhang b DRk 29T, 500ppm & 1000ppm THERHE % 2 L2 Nz

& L 72858, ETCO238 L 7. ETCOZMiiflE CO M EDIREETH V, Z O IIAMITHER L BT 5.

Table. 5-4 CO.M-HE

CO; emission rate [L/h]

High vent Low vent
The present study ) 14.2

14.3 (Inhalation: 0.4) )
(TV 0%) (Inhalation: 0.5)
(TV -5%) 13.2
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(TV -10%)" 12.2
(TV -15%) 11.1
The chamber exp. 159+33 129+29

5.6 ;
5.5 { e )

5.3 1 . |
5.2 - ................................ s

5.1 - 2 St e
5.0 | LTI T

CO, pressure in alveolus P(¢) [kPa]

4.9 - : : : :
0.0 0.8 1.6 2.4 3.2 4.0
Time [min] (HV: 10 min, LV 20min)

Fig. 5-12 filifil CO240E D WFHIZ{L

5.5 fEam

KM TIE, EEZHOWAKD COARED, F ¥ v N —DHR COARE L Y b mnC & ER I N, £
7z, HilE CO W A% Z & L 72 COMFHET A2 HWT, ZREICE Y TV RS T2 L WO REDT,
BABRENT AT o 7oA, EEFERICR QAW EXEICX 2 COMH R~ DR EIT R 7 bk 52
BRIC X 2 E BEHE S, ZE5VE LMo T XA — 2 OBHRE R EA N = AL OHE R MR LE L TN D,
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KIFFECi, 3 HOWERE RS L OW 1 EEZR E L2 BEMAITIC X W BENELSEESHICX S COo:
W E~OREZTE L 72, ZORR, EEF DA REKIC X 5 COMTHEDIEML, 10 RO E W CO.
W, BEIRFFO(RV COMEH R, Hsm DKMt CO T A DBMNIC X 2 COMPROIET, i
DR EOBAIC X VI ER N2 REEZRE L 72,

KIFZE CH L - R I MR R B 2 Fc LT w2 720, S%HE 7 5 KBIBHEERIC X 2 /ENLE
LtINs.
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KX T, FEFDPIMNRKER AT TR T 4 L ¥ — T PRI SRR h O 2 s
L 7.

AWIREMICH 72> T, FRE-FEKIL, FEHEL L THICHERBECHEZ G TTE o7, A
FRRITE CHRAICHEL L S RFICED K, DRSOV iAo CHifEZ Y, HEZOEFICHL, HICHEZ
bo CTIREHV ., S CICHEHOREEZRT 5. REHICEL TRd 554, MFHICNY HOLH R L
% { DEICREMRIC R Y Bl 2o 7o, AELPEIIEEICHTE T 2822157 2 & 2 JEH iz Ic 8
7.

FREOLETH 2 AT —FRITIT VO D BLEILT T2 E, RIFFEFERICE WV TRIC ISR
Telwnie, BEE R CHBRICRS> Th 224 DB EHS L LI, FHICL > TETICELETO
i & 7 o7z, WFEEFH HLETE T O THEEZ > 72 RIS LEHOEZRT 5.
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