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Abstract

This study aimed to evaluate the physiological workloads and subjective
discomforts for the most frequently employed full-facepiece respirators with
canister and N95 facemasks under thermo environment. Two seperate
experiments were conducted. The first experiment evaluated the
full-facepiece respirator and using a low respiratory resistance quarter-face
mask as the control condition. The second experiment assessed two N95
facemasks with one equipped with valve and the other one without valve.
Sixteen physically fit male university students participated in each experiment.
The evaluated independent variables were identical in the two experiments
including respirator type (RT), workload (WL; light work 45W and moderate
work 85W), environmental tepmerature (ET; 25°C and 35°C) and relative

humidity (RH; 50% and 70%). The main mesured dependent variables for
both experiments included heart rate at working (HR,,ox), work pulse (WP),
breathing frequence (BF), peak inspiratory and expiratory pressure (PIP/PEP),
inspiratory and expiratory time (Ti, Te), tidal volume (Vr), minute ventilation
(Vg), oxygen consumption (VO,), temperature in mask (Tm) and subjective
rate of perceptual exertion (RPE).

Results indicated that working in higher ET imposed significant
physiological and psychological strain added to that caused by significantly
increased HR o, WP, BE, PIP, Tm, VT (first experiment only), and RPE and
decreased Te for same RT, WL and RH. Compared with work at ET = 25°C,

work at ET=35°C and equipped with RF, the HRy, significantly increased 9

to 10 bpm for light WL and 12 to 15 bpm for moderate WL. As for RNV,
working at ET = 35°C, the HR,,, were reported significantly increased 4 to 6

bpm for light WL and 7 to 8 bpm for moderate WL compared with work at ET
= 25°C. Regarding RWYV, the increased HR,,,y were 7 to 8 bmp for light WL

and 9 bmp for moderate WL when ET shifted from 25°C to 35°C. Increased

I



RH were reported with significantly increased VO,, HRyow, WP, BF
(experiment 1 only), PIP (experiment 2 only), VE (experiment 2 only) and
RPE for same WL, ET, and RT. RPE were found significantly correlated with
HRyoi, WP, and VO?2 for the first experiment and with Tm, BF, and Ti for the
second experiment.

When combined the two ET conditions and two RH conditions into 4
corresponded wet bulb globe temperature index (WBGT) levels, it was found
that the HR significantly increased with higher WBGT. The degree of
increased HRyo« was significantly higher for moderate WL compared with
light WL. It is suggested that the work-rest ratio should be decreased when

wearing respirator under thermo work environment.

Key Word : Respirator, N95 face mask, Thermo environment, Physiological
load
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2.1.1.3.2 #3514 B
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# #Ap
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(1) # % % (Heat exhaustion) : & ¥ 4§ 5% mﬁﬂk.ﬂ_ fn B E E T
EROREAIGA FaRER? LERBM 1L I FIREKA
BES® 2R N FESE AP RS BLT LER

(2) % -k (Dehydration ): 8 /K & & @ o R R0 0 5l # F B
%okiE S g WRmEH R o

(3)# % % (Heatcramps): {8
MR EFEFTI AR LI E I FERETMA R RTER ST
g glderopg R g AR EER % o

(4)°? 2 (Heatstroke) : A ¥ i E A &7 RIBER [ o 2 F 0 &

REAIE . FRAIEFSANT o

(5)#7% (Pricklyheat) : fJ§ + eriF-KE 2 5 F3 > R FF1EEk ~ 7F

g&%&’ﬂ#* A4 cBhi b o

/E,—i%\%ud J‘%/n /;F ’l%; E/'Eﬁrﬂﬁé,\
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e LRFRBEEBRETEAI2E PHASHEI ERRGE R
AOREE F 2R TR A R RIIR A - BRI T 1 e

NIOSH§ #4473 i (T £ 0 f 137 TR oeh™ 2 R4 ATiE |
1 RE G :tm%sni@ﬁp’?a:—%% DEBEBEOER L 50% 0 218
T H A 10%eh1 TEPFERF 0 20 - P T R REERE A E AR
HEABREFEEDRL ARQF I AN T ITEMEFRER ¥ - AR
5 50% 0 2 {6F X B4 ) 20% 0 £ AT TR B 0P B e

(2) # i e indiic

o 1 iFpF LS A £ P Ag L A
AKERARE (Fosif BRI
o FiFik A 4

o FHRFH 4

o FoRP 7 H L TE M

() #HH L <4

2.1.1.4 #E8 4

NIOSH 3k § fen1 (¥R B 5 4248 26.1°C «» WBGT ~ + {4 7] ;
244°C > PARERIE LA PERYS > I F3F1 T4 F 88 7 448 38C -
2021 5 & F LA DA HEMHR S Suzk WBGT 2195 £ 222 5 ACGIH

R AR guEikl f’*t‘-f‘}'\,ég];‘li‘ﬂ“bb(”) v B A F e 7)5’ B e A o
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Z2-1 pM RS e RER kB E (C 0 WBGT)

Work Load ACGIH  AIHA  OSHA ISO NIOSH A @Y
Resting 322 33

(Kcal/min) (1.67) (=1.67)

Light 30 30 30.0%, 32.2° 30 30 30.6
(Kcal/min)  (1.67~3.33) (3.33)  (<3.33) (1.67~3.35) (<3.33)  (<3.33)
Moderate ~ 26.7 26.7 27.8"%,30.6° 28 28 28.0
(Kcal/min)  (3.35~5.83) (5.00)  (3.35~5) (3.35~5.17) (3.35~5)  (3.33~5.83)
Heavy 26.1%,28.9° 25%26° 26 25.9
(Kcal/min) (>5.02) (5.17~6.72) (5.02~6.67) (>5.83)
Very Heavy 25 234,255 25

(Kcal/min)  (5.83~8.33) (>6.72)  (6.68~8.33)

ALow velocity, "High velocity 4 o AIHA, 200317

# 2-2 American Conference of Industrial Hygienists (ACGIH ) % # % &
TR Rz TLV & (°C » WBGT)

Work-Rest regimen

: 75%work- 50%work- 25%work-
Work Load
O TR Contlonrlll(ous 25% rest, 50% rest, 75% rest,
W each hr. each hr. each hr.
Light Y T 30.5 31.5 32.5
(=4.16 Kcal/min) ; : ; '
Moderate
(4.16~5.74 27.5 28.5 29.5 31
Kcal/min)
Heavy
(5.74~7.46 26 27.5 28.5 30
Kcal/min)
Very Heavy
) 27.5 29.5
(>7.46 Kcal/min)

1 & 0 ACGIH, 2006
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212 HEpEEL S g P

S B A B R P SR IR E o NIOSH £ 1970 & 2357 11
kP ERBETFESDEL o

2.1.2.1 e B ehfidg

PUT 5% NIOSHWZ ~ g IR p o i Pk B v et § R0 &
% (inlet covering) 2 3¢ & &5 > ¥ & & R3¢ (tight-fitting) & 37
;¢ (loose-fitting ) = & » ¢t = F#& % g etz £ 2 KR B
Flm i A BT § N R (air-purifying respirators ) & i
F s\ et & (atmosphere supplying respirators ) > H ® & § ;N ef e ik
B ABEN A B RERGELR A S L RN RPN
Skl e 3 &5 H A (air-purifying element) 22 & & (facepiece) = K%

Ao pRBEFEAERETFAFIR T AHL

(1) & * iEim E (filter) kB A (dust) ~ 'EFH (fume)~ 2 ()
FF kBt L (particulate filtering respirators )
(2) & * jg# ## (canister/cartridge ) * 2 ",/T‘jé TERF s EF 8

F Hsger e 2 E & (vapor and gas removing respirators ) e

BRPEFIAERPEL TR LG kg H e RERT A

E'h

I
e
=

&
kv
po

cfefz e A5 § (quarter-mask) s ¢ BFEFAHA T T2 X6 e &

(half-mask) £ % F e~ QAEFENMEERI|T T 1T 2 25 5% 6

.

(full-facepiece) (Bl 2-1 & 2-3)» gt ¢b 5 7 % Mg * R P F etk p
2 2 wfw e 4 (breathing resistance ) » 7§ — #ds 4 E F Net e L
( powered air-purifying respirator ) > v &% — B4 F E-F L hg §F 5d
@&%%%% AP F TR DTFEIGEPN o RB G T
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SRR (B24)-

AT AR R EE G- I EEF Y 2L g e &
NO5 v ¥ 54 > it fo § 3928 4 (non-powered) BB 5 sV rfex
PHEE > H?P pFFE RIS 22~ Eatee o6 K o NOS
v ¥ 2 N &7 5250 BRER 0 95 R & H Bk ke & 95% 0 Fgt N95
AR T UERAEN BIRTEE 5% FUHFABREP EACF
ViR HAEe® s #9 R senb i AR e N ppE o A P
Pl ] BRARRHFFEEA T oNIS TR RS RPN
ronE-f He X MALTI g H Ao Hip$ % 5 250 (23
o Bl Rk b Gt RS 0 @ NOS v R 2t
FEL FEAA RS K s i H (SARS) B H 2
ek FIR R Rl o
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20 -l/"". Inhalation Valve
|
Y ) \

B 2-1 = &~ & ¥ (Quarter-mask) B 2-2 X% ;%5 ¥ (half-mask)

Bl 2-3 > % ;%a & (full-facepiece) B 2-4 % %438 (Loose-Fitting )

Bl & &1 § NIOSH guide to Industrial respiratory protection'”’
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2122 w3 BEEPHEIZR

NIOSH? 4 v v |7 25 £ chfm 48 21 1 % % 400 $4 A R & e e o

4 AR L 8542 Limin PE oS e e 4 (g % % 4RI do T A 23 om0 o
, 1o

ﬂ,L}%@é—fﬁéﬁéﬁzmlﬁ’}fhl—rF N-P-Rzr k> 22 A AR S O N L L
YRI A AT F P BN RS § SR RS 0 L R

DpE R L LA gt e s ket f a4 ST R R .

% 23NIOSH # % N P Rz v F2 s f greb § 4 %

Resistance at
flow rate = 85+2 L/min
P % 24 (Inhalation resistance) 35 mmH,0

et % FE 4 (exhalation resistance) 25 mmH,0

AT FHI2ENGEE 2 A58 NOS v B2 ek e 4 (Tt F
AT R B E 2 R F Bl £ e 4 F&gf/ﬁ«‘é_‘q’;gf_’ﬁ |~ F B g
AERY T AR e T E - SRS S > & i NIOSH 37 T awk § % b

FRARTELR AR IR EL Y 5 TR
2123 #o B EEERSAS B FH IR FHE P K RO PP

Louhevaara'¥ & 1984 & -4t ex 2 5 4 chiF & ¥ REAT :}F, A
R A RS R TG 2 A ¢ dE(DR R P S R
4 (breathing resistance ) ~ #& »x%% (dead space) % F3 & & £ & § 73 4c
AT gE o B2 'ﬁ ANEFpRZ cTFF (& ZAEFE ) 2 (3)

FHRBEPEEL AL g 22 2 7 (thermo stress ) » A W ZP 40T !

21231 A B4 3BE F2 FlF
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FoFLRA R EEPHE AL IR A5 A > P heT
(1) FE e f ek F 14

st 4 (R) 24 4 teed e ph o § MRt $ R L (Ap) fol =
PER N F AR g (f) 208> T R=Ap/fY > g * et p g L pr s B f
FEMPARLILfE L fEitE nEe@ERREeRIT M
H-pr@p g axs
BopEd AR pE S H R REP R A B teendx 19 w2 B spap O

-

/ﬁﬁél‘é%\'ﬁ?}%iﬁé"‘ % ’%'g‘a/n Emi%'é\i )y vk

“”%u~&ﬁaﬁﬁﬁ*%ﬁ@&&4%’ﬁ#4?%%ﬁ%%mﬁo

Fefl PP B 97 & 4 chwdex je 4 B 3d 4 38 f 4o el F] o o G0
WAy oL 2 400 f et g 5 enF) S 16172233, 40z
fefirt e i B et e 4 9 A 0.6 2 2.3 emH,Oxsec/liter’” > @ vt
Sofed AR PEERI R F e A 03 BpF s £ 5 F X FEE (dyspnea)

2 309

S0 M PR e E 4 4 T4 g =E RIS c,zgz » AT & 5 R
FHEF 2B PR LA o T F 2 PESfE A S e (A F et
REFUEZFN) NTFRAREE A P L F UB e R e S
(inspiratory resistance) » 1 >*F F FFd 3P E A SR E e 4 2 H 5 )
FRPERMHD RO FR > ERAPHATY ¢ TERY R fE4 fo f]

A 0.3 % 84.7 cmH,Oxsec/liter » 2B 4 2-1 > # ¢ Heus"”# Johnson''®%

a

e Y o -7 \, g 17z S A s S5 N -» ;2
&Eﬁiﬁﬁwpiwixisﬁﬁm’r(’;‘bfzj"\:'ﬁkrg—lpl\;‘ﬁrﬂ" "’E‘G’

¢

Sulotto®” > Jetté® 2 Lerman™ % 4 2_ 5= T ek itz ey A H

g e4 % 0.3 3 4.6 cmH,Oxsec/liter & ©
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a

224 ERAPMA T 2R UEE

H

N

v% ~ fE 4

Bk

FERITEE R Reference
(cmH,0 s 1-1) A/ Bl (B

.

2.45 —84.7% Maximum 9 =9 #  3249.5 Heus'™ % » 2004
performance test

0.78 — 7.64 80t085%of 69 6% 252449  Johnson'?% -

max VO, to 1999
voluntary stop
4.28 Progressive ~ 30 = § 4 25(23-46) Sulotto®"% >
exercise to 90% 1993
max heart rate
2.49 —3.44°  Treadmill testto 12 = 4% 23+3 Jette®? % » 1990
exhaustion
03-46  80%max VO, 20 i 19 Lerman® % -
1983

Afcdh s B 0 024 2 8.3 kPas/L v lkpa=10.2 cmH,0
By 2 )l?%i’t 2z B35 #r1¥ (35 mmH,0 at 50 L/min)
CHcih 53 % > 013 3 0.18 kPaat 32 L/min FHRAR D AT R

PG e 4 i A 4 TR a e h end ke 2-2 “7on 0 Heus
52 my g meta s f4pr > TTE ¥ T % » VO, ~ VCO, ~ Vi &2
BF i & & % :c% o Johnson %O et e 4 K4 ¢ A RE R H F
(hyperventilateion)2_ I % > TTE % % © "% » ™ 2 B F R M1 Vg &2 VO, »
Sulotto % V2 #7 § 45 dye# e fe 4 Hf 40 pF 5 BF ~ Vg » VO, » VCO; ~ VOoma
$EF T OHR Pl A F oo o Jetté 22 1§ Tl et e 4 1 8
fol o Ft e e d B Ao 2 45 TTES VOy & HR 235 lg ¥ 2 8 o
Lerman® % 2 #7 § 4 et v [2 4 #§ 4o g5 » TTE~HR &2 V7 T % > PIP p] ¢
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b

F2-5 iR ere s @A A EmEE ol Ak

A Rk

e VO, ¥ 548

(Oxygen Consumption)

T AR E F

ml/min o & ¥ FHRPIEFRALE 7€ P2 X

e VOmax: &~ 3 § i)' 4% I 7]:&

£ (Maximal Oxygen
Consumption)

e VCO,: - 3 *m A2 4 &
(Carbon Dioxide
Production)

o Vi : ~il § £ (Minute
Ventilation)

e HR : 1 iTprw b
(Working Pulse)

e WP : 1 ivwwpt (Work
Pulse)

e BF :© »¥exip ¥
(Breathing Frequency)

e PIP : v 5 B 4 (Peak
Inspiratory Pressure)

e PEP : ot 5 & 4 (Peak

Expiratory Pressure)

g f o EEF EL B4 Hix G L/min e
- AL AREE S~ s § 5 4.6L/min o
#Fl&ﬁﬁ,rﬁvfﬁ-ubaf_é_ S F LR H (-

% L/min o

A rErrs g EFA L Ei25 L/min -

AR FITERF G A S > H = 5 bpm (Beat
per minute, beat/min) °

Fla 371 (Td 3 4o s b o B T PR gl R
2 RAPFCpTL 1 iv gt B % bpm o

P g S > H 5 cycle/min e

Bog o fpoR4 > H D mmHO -

e Y p R4 > Hi: mmH0 e

18



4T iR

R

e PIP/PEP: "i";\]fld—fmg'_l]\ v:i;’Q v,g;ﬁ El';‘%mg'_F\7 5 = }i% o

2~ BR A
Inspiratory / Expiratory
Pressure)

e Dead space :

: V:I'n}';'%ﬁlf-g‘

(Respiratory Equivalent)

D 225 PER (Time

to Exhaustion)

(Ventilatory Equivalent)

# 4% (Tidal

Cn ¥ AR

(Oxygen Saturation)

T Feng R oo

4 -3 LahE o

R PANE R S VEE b AR E N L R
oo maag T e > iR o
AAFEEF N EBEEEHE o
0 BQU=Vg/VO,» & & 5B £- o2
S L R

hv

,;\ci_;r, cX:F ]El:'—?mgf;, i F EUPE - P
(4l 248) A gﬁﬁfffzﬁ%u@&:’zgg

wiFE 3ok O RIE NS E N
. H

4m
T

1
1

E

\\\-

eI Pl o Vg s gy @ 2hiE s

AU RTS8 p R R R

—_ 7

e R R A WAL R d §f ke foR o

(2) 1 5ery



B> A B F 8 2NE § R RIET o iR RVEST A i A
FRA R S § R RIGER F F o SIS R S
% BN P F R et RO MRS E T R G
vy ez § RO o T E VRS fe g R0 T R~ i A

U E A ey FOER B pEL RE AN (2]~
¥ e penBlifi > Flo 2§ PRREAZR 2D T
SRS GEERS O R T FRRRD CF CRERRS - a ¥

I AR RESF RAEL S 2 iFa (T4 R E S F SRl

E-D
=

(e
Jeuivg
-

FESERFAES o E X R S F B AR ERRA L

B e A g SR AT 0 e A (TR R R R P Bz (1429
BpF#HELZLE

BEgiartapE it de ko bop HN et R L (Self-contained
breathing apparatus, SCBA) £ & & 10 7] 15 27 2+ » 2§ £ ¥enzt

B P EFNLERPES  ERET S Lo g & NOS frda

mE el FREFART o ERTEER o
2.1.2.3.2 w32

Morgan®% 2 1983 # -4 e gl e v 2 £ chs TR BE3E (7 2 m 2w
R B A diee g MApL a2 3 B2 (subjective
discomfort) # 2 442 3 > R BT M T R AR EL
PP A7 fHRY F2 R FEE HEERE  mipdig 2T
* iﬂ’i # 4 w12 35 5 (Psychological charactistics ) *7#: 58 » iz $F 7 ¢ 35

f 5] ¢k i+ (extroversion ) ~ #¢ 5 H (neuroticism) ~ & jg (anxiety ) £ &

# (depression) #7848 o
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Bently'¥2_ £ 3 ¢ 4] # & 12 4 38 1% 38 (psycholophysical category scale)
KP4 Bipthe i B gz Ml 23R B e g
BBERL AR GIREIISF e § P RS (PIP) L BP0 HEH

# PIP #4% 17cmH 0 P& > 90%1¢ * % 7 § f £ P4 7 if -

2.1.2.33 #f &

ERBEBER TR g REAMDIILE TR AR Y I
(James, 1984)*7 > % i 43.3°C Apgsd 4 if 25°C 27 > & * Fpefs 2 § 3
A E LR AR IR EE o B T T 0 A4S 84
bpm (K1 F§ j=) 3| 214bpm (B 1L iFf fm)> @ o g 2 Tat 2 04
(MR i®f ) 223 °F (B ®fja)e e Esfssie FpF > 2@

TERLXAERIIERFAL T BEXFIC RN RBAA DRE > PR
thy F €% Mg § 7 LR (Nielsen, 1987) @Yo A2t 4 Lai = §

FR NS Afefiprr FRARAEER LA B i B kiR o
FoF BRBBASRBES S RTAR
22,1 BEBRBETARE

Chompusakdi® %7 7 &4 i & ~BE ~ b - FHEATRE 6 £
foAm el B R RITE 0 X X F SRR 45 A4 i 4L £ 5200
Kealhr> 2RI ¥ RITE2 &> ¥ 84 IE"—J%’F%EE? 11 & %4 & 4 }IF]E(T%
B B R R RERANPRES G T FERT RGO
M > a F A AN RRA i g el F G R ok
ARy iy "F*f # 1! WGT ( The Wet Globe Temperature ) = CET ( The Corrected
Effective Temperature ) &% k4= 34 & 1 (T35 JRE R R 47 ehdfp ik
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222 BREBRE TRLACAPEELEERPIEE F

James % (1984) @& F 4B E R 5 25CHr43. 3C T » et B 4
A A A e Efrapfte ERFE F S 58W e 116W s
HRIF R L) FATR SR FREL 20 S0 F R FR
Bty il g B2 CFTMAHBF SN ERER T A
ERLER ARRE TRELMSPPHELIFHHADL IS §HF T

ﬂﬂiﬁi“«kim%’ﬁilﬁﬁé FH E T et R

‘I

gi\z%fp}-\ BRI TFRER o Rt IF-%(K‘!’J“ B A=

Nielsen % (1987) W g & 5 7516~ 25C kB T feft 1 &
EF TR R ETRERSAE EREAR S P RIS AT % R
FrhasputFweramy f o REZERL 22-2733C 0 BAG
61%Fr 86% > IR X cni LV LR FL300 « BEFR > &
BETOREMTFERNN2CERETES > ARLTHRET > B

EPZFEREASNAICAZ27HEL > IWRA G > RIEFEET PR

p

g

Johnson % (1997) ® 3 B iRA % 35C 2 90%hik & ™ » fefs 2

3

e EEL IS mT ERINFFDPH o > BEFREGIN S I
e A2 0203 g/min chiFok o B P UFEHME S 0 P FHFRLME T
FARERFARER LA 2C Ay Flame r A7 Ld e § o g

PRATE 142 0

Chongvisal (1980) VF 5 8 & 5 27°CH- 43 Cehm B ™ » feft > &
FH e G f 4o AR %o #F AL (300Kcal/hr)
B

SRS B R RERE TR c BERFRA2TCHE - TR e § 487 & FH
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e e B R 0 d R A3CHE RS 2GS F e apte ¥R
x o "»‘}PJPL??%*%'U'JEIE?JW BF ot (WP 11 bpmo P iE R 5
0.06C ) f’rdﬁ 7 0t WBGT & g enfd %> 33t OHSA (Occupational
Safety and Health Administration )2& % @ B 1 (T WBGT 2 1 (7%
FE28CR G At LM R h AR EE
SRt fefl X G Ve R ena TREERE MRS 273C 0 2 e e R RS
268Cem iBmAF > P BIEFNFEFIRBAE Y - LERAF P24
RPN R IR R B 0 LRSI F]F S

S G AS R A S T S BB o
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$§ P

AFT R 2 iAo ] 2-5 A1oF

¥ A ER R

\ 4

x,sr IR Y
’iaibﬁ—%i“’%mﬁ

® i

(%)

v
@ g —
26w ARERE
TARREE IR G

BTN

(r %)

ERET 2 NO5 v &
wﬂﬁfﬁf“’f LN W
LEY R Tl

\ 4

A B

Bl 2-5 &7 AR
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$- & RHH S

AETHE L g
1T AEAF > Sra s R p A B  REERERE 2 RPEY
B3 e o FRBIw g L £ R iﬁ?%ﬁﬁ’ié§Wﬁﬁ
FLRERLE B AR RA% AR HP FULBE AR RF F
FEMFEAREETE (s = ) T3 R B FA e AR

\\\?ir
g
B
|
%
mf
A
Iy
-
FT
p—
(@)
>~
b

%31 F%- 2REAFTR (n=16)

'? r%; N '? Eﬁ -
mean£S.D Range mean+S.D Range
Age (years) 2243 20.0~28.0 2242.0 20.0~27.0
Height (m) 1.7+0.1 1.7~1.8 1.7£0.0 1.7~1.8

Weight (Kg) 70.7£11.4  57.2~91.5 73.5£12.7  58.9~101.9
BMI (Kg/m2) 23.7£3.6 19.0~33.6 24.34£3.8 19.5~34.0

VO2max (L/min) ~ 2.7+0.6 1.2~4.2 2.7+0.4 2.1~3.3
HRmax (bpm) 170.1+£13.8 145.1~187.1 165.6+14.2 139.9~183.0
VC (L) 4.00.7 2.9~5.0 3.8+0.7 2.0~4.7

Fo8 FHRKERR L BRI 2
321 e HEE

AFHRA AL FHR- 220 L ABRRRET R

o "
FRIABRIRZPETFr o2 i i FReErHRBE FHRES

CES R MRS GRS g TR
Bk o FHR - GARTFRNS v R REARRE TE 40 f mra
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B 2P %K;T—xa’l%?7 m.ﬁ:%pﬁﬂ%N95‘“3ﬁfL" R N9S v & o

F- 2o e ¥ E@#*% MSA(USA) #l:$ 2. Advantage 3000 Full
Face Respirator > % ;% ¥ (ff # RF) > 4% 3-2 > 3|5L % Adv 3000 > H
&AL 5 800ml s e HiAA R Y > AW LS GMA T 8
A5 5 815355 # e ¥ (4 RC) i ADInstruments = # (Australia)
Az ke G % E P i Face mask © A5 5 MLAL028 > 4B 3-1 5 4%+
R A TR G T TR AR NREE A B He R
2NN A B - - cEHP SRR W L= I 1 E N A
EEZ PR AT R ARLARESSPEE SR B FIAR
S8 me L AN S ’?iﬁﬁjiﬁwﬁﬁﬁﬁﬂﬁ’&iﬁﬁ
Peird g B A A e F R o x5 B2®, 24 o BB LRI ¢
PEG R M TR G FINFAR T R HR
YFmrmeggs—- Tenfjr RAPRI 26 300 § R BRI ARE
Eeo X2 FR e

._1@

Bk % 3M 27 (USA) 2 & ih@ fl NO5 5a)4rdp N v &
7R ONOS 435t B2 R 5% 0 4ol 3-3 & 34> T AL AR
NOS T ¥ (fAERNV) et B NS ¢ ¥ (A RWV) > &R N95 r ¥
52502100 F RONOS ¢ B 41555 9211 G M Ep » F 2 2B A i
LR Y > A A EHB SO EHERE S B Fna il

220ml o

26



B 3-1 #Eak (RC) W32 2%:'% ¥ (RF)

B33 @R NS ¥ B34 FMNS R
(RNV) (RNV)

322 w4 BB L5 RE TR S

NP Bk gz Rk Biedki % 5 ADInstruments o & #73k 3t 2 4 T EE
:c4+ % (Power Lab System) > 4o 3-5 #771 > 4155 ML795 0 ik BK &
SR BT 2P0 E L) 1000 Ly o 0t A PR e R R ARCTRIE L
g 0 T i1 2 $i48 Chart 5.0 - DRSS RIS S TR T

27



@35_"",_%%’;9#-&’](%9:—‘% @36__ ﬁ/”‘%;J‘
T A MR

ebg F WA % ADInstruments & & Az F RN H KEFA
6

w4
o AcBl 3-60 H e a g AT RE Bt  F 4 47 % (Gas
Analiser) 4555 ML206 » #f et £ 3+ (Spirometer ) #4555 ML141 - #
Mot R* ko fTXRIEoret D WY F F 22 F PROER - §FHA
T R¥ - F e BRI E 10% 0 FlUtE S P s § YRk R AL
10% > i &2 WRlE ik R 5 e n @ TR RIE 25 Lis > £ Rlchf
Bl& % 5 1000 L/s -

Jo b AT F M2 Ao L ATl R B R 48 ] TR - =X o
ﬁﬁﬁ%%{ﬁ”ﬁ%ﬁié°ﬁ%ﬁﬁ%$$%’—é%@*%ii
FokR G 2093% - § kR S 0.03%; BWAIEERDT §FHA
k2 FH 0§ FRAE S 16.08% 0 = F TLE{;‘%E& 5 4.12% - e PRI R
AL B RS AR F T A R R PR RE 0 YR (S
B BT RER > S ARRRARP A OER LT FL
LFMA RARDE P BELHIY f BF D BEE§ MR
MWL FECF CREREFLIAEAL SRS A LT o

F AT 030 sk Rl el s
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Fd frE D

WREF
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BATRY A4

(Mixchamber) # » £ d § H8/8 & F 1
WMot kREL Bmir o b

BB T e R BRI R A 0 R
REZ EFZLF 7 iz g

7

SF 0 KR B B

3.23 R P Rl &
P PR (T f fm2o s 3 5 Lode B.V. 2 & (Netherlands ) #74 &
2_%rpk B jpl# ik Lode Corival Ergometer V2 » 4] 3-7 #7517 » H &+ ¥ U
B € B L 160k 24 Gk A7 d 03 999 W (T B) HALA & 100 W
A3 W 100 2 S00W BFA Y 3% 0 & 3 500 WOPE ) Y 5% 5 BER

o % B F#EiE o] 3C 25 rpm pF > e S ﬁ%—gﬁr?? ;
£ 3]s R o 6T B P

B3I - A ]

v d 03 180 rpm()

B ggi#iE 30 rpm v ] g i
i iE 2 R e A (X HF ) 0 B4 K et R

W o

B 3-7 %rih @ pl# ik (ergometer)
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324 % B4

0 HER - RPRERE  LRFRE LT EES LR Lk
BAGEE & B 38 Pk BAL K ULRFETAL20TE 40T
HAER 540.5°C > AP HHBAF AT d 40%T 90% » AR 5 £5% -

i 3-8 i’?ﬁ%aﬂ’ Tg]ﬁ'%?%ﬂ’ PR rglﬂzm/&)ifoﬁjé

325 fefr e 2 45 ERPIS 2

AR ERREETEFHEEFZ £ & 0 FulETREY 20 50
m ¥ 2 3M3 R2ZNS v ¥ p st (B 3-9-3-10) &7 % F 4
PHERFEII A AR L E NS FReOEZIFR o I AR
U BE L Ed P EIFHREFY
1%%&¢$mi e 2a 00 R RS = 2RFRE > FlorRlE
2 Brpiig § om NOS v X Fled 12

y PP E; I«LL f[;" /P'J:E’AJ\*’?MTVJ‘ g1

—_— =

FWrTd Bafgd > Flptd WF RTBF2 b f g R Fla



B39 2%:'m ¥ adineg B 3-10N95 v ¥ # % ef

326 ECG @& B> 2

APy AR BCG o TR &l o § YRR D T u e e
it RARRES RARPECE T 2 SR EZEA B (1) S E T RRE
PREA LI LYRE S BE G o Y 2Lt PRI B+
D R E R G AR A PR R R (2) WEERT
PR R B Z A9 s R B HRT 2 R Ge Y 2
PEERITEIE + 34 T3 BITELE 0 B 2 A o)
il Ao 4ol 3-11> GEHEE R - FlAF % 7 HRH 2 ik (7
foe o FLE R ROl s T TR RE AR R R o
BoRggss > Flptd S eht ) 0 AR ER] S TR RS o
te T B R 2 AR

R ECG P57 5d 4 33+ B Dual Bio Amp i {7 & 4c &
%o 4 T2 g2+ B L ADInstruments ® i 0 355 5 ML135> 4o ) 3-12
KEH B FREFRFS 10mVo § Mgt~ % 5 3Hz 2 500Hz 3% T
60Hz i#3s 8t o T ARpE & cdbRb ' 0 LBV PP % 4 B 37 0 ALRED &
PURWE R PR AR AR AR A G i S A AT

YR TR D e P engezL o
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B 3-11 99 ETAmpL T =B B 3-12 4 @i foes ¥
FREE S T WY
(Mervin, 1982)°?

327 3 GEERRS R

AF BRI IEA @ * ik B L Validyne Engineering 2> # (USA)
%iéi@J%ﬁﬁ(HmmTMMwm’%@}B’y%é
VAL-P55D-1N23284A » 8 ¥ v R & /& 4 & [ 5 £140mmH,0 - 4 £
+£0.25% > ¥ B 4R P A LAE A4S > L@ AT FResuiEant 3o
H Mgk L 200mV o F HEMAY 7 F BTk TR hlicE 0 i
R AR EHEER RS RG> TR @b g R4 S
oo g RS LR A AR K 2L T

SERvERES - EATRpEE (NS EZ2 2ENG E)
chZ + 3 % TSI (USA) %3¢ NO9S & £ plz& & 2 (NO9S5 Fit Test Probe
Kit)» A5 5 8025 > B % - B % Bt (4-@ 3-14)> £ @& * & %
PRl P2 e IR @R EL L BRI o bF 2R
CEPRA 2w AR REURA (B 3-15) BERE O RLT &
R4 LR - FEE e
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Bl 3-13 B4 g4t B 3-14 R4 Hplizi

Bl 3-15 -K4UR 4 2+ Bl 3-16 # 8 @ p %

328 M FEEE R E R E

* 4 5 ¢ * ADInstruments % 1% 2_ J§ ;& /8| ® Nasal Temperature Probe
KRR EL )RR 0 doB] 3-16 0 A15L 5 MLT 415> 7 20 R
Benfp B 00CE S0 » 2 hif & T0C T (07 1 48R0 £ 31 3

AREPELIFERRFP ERL o
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32 ARBRBATFERFRFZERL

B & # R(C) B R Z(EC)

0~20 0.20
20~35 0.15
35~39 0.10
39~45 0.15
45~50 0.20

LR B2 AR ANERT K FRFE O~ BR B PR
2ORAUR R FHERRBRZERBER > L& BHRZTREZLZ HE
ZoKEAURR > A BT RS c B R B R ERE AL

P\ ?E-ijr ﬁ '}ﬂ/? 3‘ F\ m/ﬂ-)—i gl %%’;u—q‘ o i/——vﬂ*%{ﬂé’\*% lig*&"]{ % 4o
3.2.9 s uAg S R R

NEE T LEU LR S LSS EY SRR
'E; o ﬂ%gpﬁﬂ};ﬁ’]?—iﬂl@ﬂi ;J"—t\i)g_;rq V—L;’“ ,""TIJB’\—— ,k\:;g_{ﬁzt-—,;\ﬂi

R A5 5 — BRERAEE o A d7pFE R % Chart5 fiid8 K & f5ef e R 4 24

li“\

TR S TR = ST L SRR

H i % cycle/min -
3.2.10 % F ~ el FRER

Ferg et a LY N R T AF LI BRI e
T4 i) gt B R et S ek f Sel R 0 R f R4 G
fokE ek F GRS 5D > Tt g Ay Bl A R
BRI g PR Fdd fRMATRERE  ERPFRF T L
FPER > 4oB) 3-17 #777 o SRek § PPERF I E 4o

e

i
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(1) weff PERE @ I LM PRRF BER 3 50— f kg chph 2k -
(2) e FFRF ¢ AR PR BER S o - R PR B o

(3) Wk f PRIV S PR R L R

.2 -I LI L] L] L] {2) L] T L] L) I T L] L] T I L] Ll ] L] I
1EI 20 a0 40 =0

B 3-17 % Rl 87 EE BT RRIE e f N RS L
3211 e[ E 2 efenge 4 Bk G

LR EE TR F o e A - R AR LB fEE
et A e el e B T pE 4 g (L gFA) » F)pt 43 Johnson!'Y s - e
PetapE L2 BAGEHS N PE ARG R A E TR EE
Gt fEd o LR AR BITFTERN BB AGFL AT LR
o XL E T YRR R 5 0 W] 3418 0 R
B EFAEMEOR > P ARI - B i S MR

o F KR dem R B 3-19 0 A STk 2 B L HITAH #r i - &
BT E 200 L/min e £ d R B HIR IS ERF R F 2 n R A
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B4R mEY || REHIR || EepF s

3201 3R T ¥p FRIEE L FR T
3.2.11.1 B# % E

FONBRITEEEROA L FoRREET ERY AL FT
i1 FR o M E I E R T FARE F Lt ()
(treadmill ) ~ (2)%ris & B & (cycle ergometer) fe(3)F+ #-p1 %) » &

PR AR YN 4 T E iR oo

B4 o Aol - SR S TR 2 L EH S vl B 5
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G - R R SN DT A SR R AR o v
?'Kf’%?;ﬁ"’ii"'#'@ﬁ P A F AL RN

BoErfHFEOFTL 7 K2R A~ (maximal ) &= <
(submaximal ) e 32 § G 5 0 F * 30Tk pECY o ga b P enip R A
e A A b REXBHREDREITE > Z @ P pIFE
§REIrh A ot mALEL A A B2 D aiEd > 4 W2 e B
DA D RAPERERF VR R BAR 2 g

4
= o

Py

YrEg B R F R A oRr 2 E L8 o BRI R & ERD - A
IR MR AN EFRRE O AR H oo s (Eeg
L) REFF &I IFL fm o 4 ¥ kP& (maximal) £ =
= (submaximal)end 72 § j7o BEL AN E L BT 0T R B W
TR R R ARG R BEL ST AR o
ERSNET R iém’ngpE@\m’uawmﬁﬁbﬁm%#ﬁm
SEE A EAMBERE PR FIRNATEAREF (B4 ) A
@ﬁ@ﬁﬁ%’£Mﬁ&@ﬁwwﬁ%’@ﬁﬁﬁﬁﬁwﬁﬁﬁ’ﬁ#
2 50-60rpm o d g mE o d A LR GAK L Bk 0 R E] b X

§
Begrrmanhipin ¥y EREAVRLARPHD SEFF F 3 Ak

AR B YD P R KRBT AR AR G 0 AR

N - AR LS

(D §ssmiid 0 W3 S g bt god £epl o F Lo
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E e o RHrEE BRI Redsde | R 3T A R R T o B R

BREE S - 2 52 pdaiered SHME G- A2 - 0 2 BEL
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WEr b2z - > ERXRFRZHLS L B F
Bk B om iRl £ ) &+ 5 VO, m;ﬁ—f{\ﬁh—k £EE

Q)BT FITE 2 d YrEd ple REK UL T RIZ f T E > 4 30%:
50%V Oy B8 45X RIH B 4 2 VOona ik 5 RI7 RS P2
4 Watt 8 5] B Zenps OV B B £ R K R s e

( Time To Exhaustion, TTE) % -

Q)bres T E TRt H IS RITE o R i Eaped 3

B L ¥ AL B A 5 80%3) 85%:b 4 42§ £ U102

22) 1,

T A AR ST AIHAY R SR 1 v ? RO Pl wpr
HEAE > INERI FRF) LAt EE 2 8 T
x
f

P AT AN SBER AL AL RERL (T o

195 AIHA &t Bij LR 80 (5 f AR Fabl 2> 28

3-2 ¥ o g Ade & 2 17 (Light work ) PF 5 75~100 bpm 2 fF » ¥ R 1
iT (Moderate work)PF . 100~125 bpm 2_ & » H # 4Rt § £ &~ 5] 5
0.5~1.0 L/min = 1.0~1.5 L/min m;; Astrand® 4 rgs 8 )7 k£ A
JEEFEMGOFELS FR HER ] FA L BEF OB G
B REA L 33 FRTHRENERS E S 075 L/min B ESE i
B4 1250/min R Rchp fms 5 5 834 % o g

ERHTRE TR IERE TR A5 L P BE TS 85 1 0 4%
€ 4 % % 0.72 L/min 4= 1.28 L/min -

FEA4I3Wo L3
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233 Un B ERRAGIAZ LT EAL (NXETHLLY)

Grade of work Exsgrfgiire, EXE:rfcrlfi;t}lllre, Heagt Rate, Coiﬁﬁg}fgon,

Kcal/min 8 h (Kcal/d) Pl L/min
Rest (sitting) 1.5 <720 60-70 0.3

Very light work 1.6-2.5 768-1200 65-75 0.3-0.5
Light work 2.5-5.0 1200-2400 75-100 0.5-1.0
Moderate work 5.0-7.5 2400-3600 100-125 1.0-1.5
Heavy work 7.5-10.0 3600-4800 125-150 1.5-2.0
Very heavy work  10.0-12.5 4800-6000 150-180 2.0-2.5

FH kR ATHA, 1971

Work rate Oxygen uptake
\W kpm - min™ (L -+ min™)
50 300 0.9
100 600 .5
150 900 2.1
200 1200 2.8
250 1500 3.5
300 1800 4.2
350 2100 5.0
400 2400 5.7

7R %k © Astrand, 20037

322 R T E BB IBRARK T
R RECEERDFBEIAL Mo BF RAHEE F RN TIS
BBRTRIFTHE S L1 FA R R FES Y 1 ha (FRE £
T 06 F DHP REFETDFRREE  ELT ) TE2FL

BBERE (34C) BT R R (67%) T4 F 5 S8 50 i pl2 15 %
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BB B BARRT S 35CH 70% T - HF PG Z R TR SR RA
25°C ~ 50% 1%t fie -

AERBHOERRERG R EF N KRERE WBGT B0 RE
% IST 2@ (USA) #i2 crrthe WIBGET » %85 5 RSS-214 5 & % 4T o

2‘\ 3 5 ﬂ\ﬁ 56?*3—%&» 3 /_B’_ /ﬂ}iif}@'w WGBT IE'

Tk BLR & BB R WBGT BIRE R 2 IR R
25C 50% aleed 19.6 253
25C 50% 22.2 214 24.3
35C 70% 29.7 273 34.6
35C 70% 31.8 30.5 34.3

3213 pef B pH LR FE L R ABRAGER S

AP hE 2 A AR K 0 B9 Lerman & chFt 7 kit
R FEREr L g X T eh7 i 42 R (Rate of Perceptual
Exertion, RPE) » 4 %] 3 fefirf e |7 B {5 ok § AFEEAR R ~ 3 F DT EL
RIS EERNFREE S DT EFRFARE CRE TR EE (I £ )
HRETEDRLIRE I3 pREIGI A EFRERAEETT 5 75
chEanr 10 %% d 0-2F REI10-244 5% 7 (I'ifghr= 27 )0 &
17 PO B W] R IR R A 2 AT IR S i T Ae 0 M RPE B A Se UE -

BEAT N F R o FR AR § L LR R BN G

RETRN SN FAER > JRFL SRR xﬂ%&%ﬁ—waﬁ?

B MRS RLERFN S THEY - R L UL RS % AR
7 i@ﬁ—;cﬁ o
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ETFHR e LR FF RDRR o B RRAL LERM T £ 35

#3-6 FoRE%E 2 Hnp

DR Hp
HRyorc > 3 T%EE*:"‘&}[‘ LA lFiHﬂ?mM ﬁ_—’a-ﬁ,? ¥ i+ % bpm
(Beat Per Minute ) °
WP > 1 e it FIH (7 (0% @ B 4o s b > #e1 (TP b
BE RLPFOpeTL iR H S
bpm -

%HRR > < FiE e g A vt Mo Tk ie g s BB R s D
A A s 5%

PIP » v 4 /& 4 Sog e Ep R4 5 H S mmHO e
PEP » ot § /& 4 g pFr E PR A4 S B 5 mmH,0 -
BF » v¥ w347 & LEITE R g o H A

cycle/mm o

Ti»> v f PERF - B G TR RER o H 5 sece
Te > ot 5 PR - Xk FTEROPER  H 25 sece
*

Ve A F HETLE RS bt g i g > H v
% L/min o

Vi F B A - F S i MR A F R
ek SAE % R @ > B+ L L/min o

VO, 45 £ AR RS S e F F R 0 Bk
L/min o

VOomass > E 2 €425 £ AEE R S EE ST Y § o
B2 mE gy Eaopy 8 g
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M > TR

Tm> v X R ER

Discomfort caused by
temperature ° 8 & * if

Discomfort caused by
humidity » J& & 7 i

General discomfort for
environment » EF R 5 7 i

Difficulty on inspiration » ¥

F FlEpie R

S

Difficulty on expiration > =+ %

FIEEAR K

Discomfort caused by
temperature inside the

mask > & ¥ 8 & 7 i

Discomfort caused by
sweating inside the mask > w

A2

General discomfort > % 8 7

WA

Total RPE » 3. fri BL7 § 4%
i

H
HETERFOHLE 423 0
& |1‘*if‘rlfq:ﬂ£‘;‘m%iﬂ§‘€' f Mgk 4L F
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 °
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I TR et S S 2
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WP o T rEPERNEE Y A R
2 EIRARR o

WP wHEFTEPEREE Y RA SR
F7* £ JRAER ©

OB EEAERRER L IR
R -

pEHEARY 0 Fli B pEL A B
T § FIEROARR o

piFd ALY o Fla it R L A R
Tlek § FIELFRR ©

AiEREAEY 0 TR B EE RN R RS B
I3 PR R o

SN E TS SRR
£ 3 & PRFER o

Fedl el e 2 B EOREAF (B 2 47if PR R o
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23T BT R RFRT

B
s 40 50 60 70 80 90 100 1 2 3 4 5 6 7 8 9
1 40 50 60 70 80 90 100 1 2 3 4 5 6 7 8 9
1.5 50 63 75 88 100 113 125 - 3 4 5 6 8 9 10 11
2 60 75 90 105 120 135 150 2 3 5 6 8 9 11 12 14
2.5 70 88 105 123 140 158 175 2 4 5 7 9 11 12 14 16
3 80 100 120 140 160 180 200 2 4 6 8 10 12 14 16 18
3.5 90 113 135 158 180 203 225 2 5 7 9 11 14 16 18 20
4 100 125 150 175 200 225 250 3 5 8 10 13 15 18 20 23
45 110 138 165 193 220 248 275 3 6 8 11 14 17 19 22 25
5 120 150 180 210 240 270 300 3 6 9 12 15 18 21 24 27
55 130 163 195 228 260 293 325 3 7 10 13 16 20 23 26 29
6 140 175 210 245 280 315 350 4 7 1} 14 18 21 25 28 32
6.5 150 188 225 263 300 338 375 4 8 11 15 19 23 26 30 34
7 160 200 240 280 320 360 400 4 8 12 16 20 24 28 32 36
75 170 213 255 298 340 383 425 4 9 13 17 21 26 30 34 38
8 180 225 270 315 360 405 450 5 9 14 18 23 27 32 36 41
85 190 238 285 333 380 428 475 5 10 14 19 24 29 33 38 43
9 200 250 300 350 400 450 500 5 10 15 20 25 30 35 40 45
95 210 263 315 368 420 473 525 5 11 16 21 26 32 37 42 47
10 220 275 330 385 440 495 550 6 11 17 22 28 33 39 44 50
105 230 288 345 403 460 518 575 6 12 17 23 29 35 40 46 52
11 240 300 360 420 480 540 600 6 12 18 24 30 36 42 48 54
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snE 5 85L/min pFeffe 4 g # @ N95S ¢ ¥ % & -7 NIOSH #r# 3% § 2

4 M3 35SmmH,0 g

Z 41 FEL G g (o4 W*ETF F2 3V 2258 ¥ 850 /min pF eipe 4

Pressure Resistance
RT Regression Equation R’ at 85L/min at 85L/min
(mmH,0) (cmH,0%*s/L)
RC y=-2x10"%>+0.1018x 0.9749 721 0.51
RF  y=3x10"%*+0.1381x  0.9994 13.91 0.98
RNV y=-1x10"x>+0.0886x 0.9998 7.46 0.53
RWV  y=1x10"x*+0.104x  0.9974 9.56 0.68
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242 FEE L FRA W E]F > A28 2§ 850 /min PF erfe 4

Pressure Resistanc
RT Regression Equation R’ at 85L/min at 85L/min
(mmH,0) (cmH,O*s/L)
RC y=-2x10"x2+0.0877x 0.9847 6.01 0.42
RF  y=3x10"x2+0.0465x  0.9823 6.12 0.43
RNV y=6x10"x2+0.0753x  0.9949 10.74 0.76
RWV y=6x10°x2+0.0384x 0.9896 3.31 0.23
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43 2o S ORRe L ABRMEBERE T2 2 pd B A4S BRR R A 7.5 % (0=16)

Environmental Rela.ti\./e Typ'e of Work Load Significant
Temperature ~ Humidity Respirator (WL) Interaction®
(ET) (RH) (RT)
Physiological workload
Working Pulse (bpm) * A & *E* ET-WL
Work Pulse (bpm) vty i . *A* ET-WL
Heart Rate Reserve (%) *A* o * HAH
Peak Inspiratory Pressure (mmH,0) g+ * ok B Yk ET-RT,RT-WL,ET-RT-WL,ET-RH-RT-WL
Peak Expiratory Pressure (mmH,0) 3 g g
Breathing Frequency (cycle/min) ol ol o * ET-RH-WL,RH-RT-WL
Time of Inspiratory (sec) ¥k o Kbk e RH-RT-WL
Time of Expiratory (sec) + g
Minute Ventilation (L/min) g sy LF ET-WL
Tidal Volume (L) % ) ¥ ET-WL,RH-RT-WL
V1/VC (%) * s - 4] ET-WL,RH-RT-WL
Oxygen Consumption (L/min) S N kg ET-RT,ET-RT-WL
Percentage of Maximal Oxygen Consumption (%) W ok b ET-RT,ET-WL,ET-RH-WL,ET-RT-WL
Oxygen Consumption / mass (ml/min/Kg) i * e ET-RT,ET-WL,ET-RT-WL
Metabolic Rate (Kcal/min) GEF + s ET-RT,ET-WL,ET-RT-WL
Ventilatory Equivalent * 1 HokE ET-RT,RH-WL
Temperature in Mask (°C)* okok na ET-WL
Subjective RPE for environment
Discomfort caused by temperature gk * % o
Discomfort caused by humidity Bk * R g
General discomfort for environment Pl 1 4 kg
Subjective RPE for respirator
Difficulty on inspiration i i A
Difficulty on expiration X + ok Hox
Discomfort caused by temperature inside the mask *AA i e Ak RT-WL
Discomfort caused by sweating inside the mask oA * * HoA
General discomfort otk * otk otk RT-WL
Total RPE HAE * *E HoHE ET-WL,RT-WL

"p<0.1, *p<0.05, **p<0.01, ***p<0.001; “Only for full-facepiece, "p<0.05; na = not applicable.
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244 25 50 L e R ¥ ARAREE T 2 412 f A it T (meantS.D.)
RT WLETRH HRyox WP %HRR PIP PEP BF Ti Te Ve Vi V+1/VC VO, %VOamax  VOamass M EQv Tm
RC L 2550 110.8£13.9 35.0£11.0 36.9+8.2 14.0+1.1 14.8+1.5 22.1+4.1 1.37 +0.251.39 +0.21 24.5£5.0 1.1£+02 28.9+6.0 0.85£0.2 32.5£9.3 1.2+0.2 42+0.8 29.0+3.1 na
70 112.5+15.5 40.5+9.3 41.5+8.4 13.842.4 15.5+23 24.4+42 1.25 #0.26 1.40 +0.51 25.2+7.1 1.1£0.3 27.0£7.5 0.89+0.2 34.4+11.9 1.3+0.3 44+12 282+19 na
35 50 120.2+14.9 489+9.7 49.8+8.8 15.0+1.6 14.042.3 23.6+4.9 1.31 +0.27 1.43 £0.35 24.0+5.1 1.0+£0.2 272472 0.84+0.2 323493 1.2+0.3 42+1.0 28.5+2.8 na
70 123.2+12.9 53.5+84 53.4+73 154+1.5 14.4+13 24.8+42 1.19 £0.251.38 +0.27 27.3+6.1 1.1+£0.2  28.9+79 09702 37.0+49.3 1.4+0.3 48+1.0 28.2+3.2 na
M 25 50 135.3£14.7 59.5+£13.1 63.6+£10.5 16.1£1.5 189+2.2 26.545.1 1.21 +£0.27 1.20 +0.27 42.849.5 1.6+0.3 41.8+7.6 1.44+0.3 554+152 2.1+04 7.1+£1.3 29.6+£3.3 na
70 137.0£15.2 65.0+£11.4 66.6+8.4 16.3+2.1 18.7£2.6 26.0+5.5 1.26 £0.35 1.25 +0.33 44.249.1 1.7+0.3 443+79 1.59+03 60.4+14.8 2.3+04 7.8+1.3 27.7£2.0 na
35 50 147.4+14.4 76.1£11.6 77.1£8.0 17.3+2.0 1834+3.6 27.8+52 1.18 +0.27 1.27 +0.52 40.1+6.5 1.5+0.3 37.6£7.0 1.40+0.2 53.1£109 2.0+0.2 6.8+0.9 28.6+2.3 na
70 150.0+14.1 80.3+10.6 79.9+6.4 17.1£2.1 18.1+3.3 28.9+4.9 1.06 +0.19 1.17 +£0.27 42.6+8.5 1.5+0.3 38.8+10.3 1.48+0.2 56.6x14.1 2.1+0.4 7.3+1.1 28.7+£2.6 na
RF L 25 50 113.3+14.0 37.5£10.0 40.0+8.0 21.2+3.4 16.8+2.3 242435 1.18 +0.24 1.40 +0.23 29.5+5.9 1.2+0.2 31.546.1  0.90+0.2 34.4+10.5 1.3+0.2 44+1.0 33.0£3.4 34.4+1.7
70 114.9+16.8 42,9494 453+10.5 22.7+3.7 174423 24.7+4.5 1.21 +0.26 1.32 £0.31 30.6+6.0 1.3+0.3 32.547.3  0.93+£0.1 37.8£10.8 1.3+0.3 4.6£0.7 31.243.6 34.5£1.9
35 50 123.7£12.9 52.549.6 53.4+89 23.5+54 15.6+2.1 25.9+4.8 1.09 +0.27 1.40 £0.35 28.0+7.6 1.1+£0.3 28.2+8.2 0.93+0.2 35.7+£10.9 1.3+0.3 4.6£1.0 29.843.5 36.7£1.7
70 123.7+11.9 54.0+£8.0 53.9+7.2 24.3+£54 159+1.6 25.7+4.6 1.01 +0.251.42 £0.22 31.8+7.5 1.2+0.3 32.549.1  1.04+£0.2 39.5£10.0 1.5+0.3 5.1+1.0 30.5£3.4 37.1+1.2
M 25 50 136.5+£14.2 60.7£12.4 64.9+10.3 30.7+7.0 20.7+3.6 28.9+5.2 1.09 +0.27 1.13 +0.20 49.5+11.1 1.7+04 44.548.7 1.46+0.2 55.9+13.3 2.1+0.3 7.2+1.0 33.7+4.5 34.3£2.0
70 139.9+15.9 67.9+11.6 70.7+10.2 30.8+5.2 19.8+2.3 29.5+6.0 1.11 +0.25 1.13 +0.20 48.5+6.8 1.7+0.3 44.0+6.2 1.54+0.2 61.4+13.3 2.24+0.5 7.6£1.2  30.8£3.7 34.1£1.8
35 50 151.9+14.2 80.6+11.6 81.8+8.2 33.8+7.2 19.543.5 29.4+6.0 1.05 +0.24 1.12 £0.22 46.3+7.7 1.6£0.4 417494 1.52+0.1 582+13.7 2.2+0.3 7.5+£0.7 30.4+3.7 37.0+1.8
70 152.3£12.6 82.6+8.0 82.6+7.2 35.1+£7.3 19.6£3.2 31.3+6.9 0.95 +0.27 1.16 +0.25 48.0+8.2 1.6£0.3 40.8+10.0 1.61£0.2 61.0+12.4 2.3+0.4 7.9+1.0 299+33 37.5+1.3

L = Light, M = Moderate; na = not applicable.
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245 2o e R MR § AREARE T 2 4 BT i A3 T (meantS.D.) & & Hied Ap ikt A

Environment Respirator
Discomfort Discomfort General [ : Discomfort caused Discomfort caused
RT WL ET RH
caused by caused by  discomfort for Di;ffcilrl;gozn Déiﬁ?:;tti};zn by temperature by sweating inside dg:;g;)l ot Total RPE
temperature humidity environment p P inside the mask the mask
RC Light 25 50  1.1+1.1 1111 1.3£1.0 1.6+1.2 1.5£1.0 1.3£1.2 1.1£1.0 1.4+1.0 6.9+5.1°
70 1.3+1.1 1.5+1.3 1.4+1.1 2.1£2.4 14+12 14412 14+13 2.0£1.5 8.44+5.9¢
35 50  3.3£1.3¢ 2.8+1.3°¢ 38+1.2¢ 2.2+1.5° 2.1+1.4° 311%1.5° 3.1+£1.7°¢ 2.8+1.1¢ 13.246.4°
70 3.8+1.5° 3.7+1.1¢ 3.8+1.3°¢ 3.0+1.5¢ 2.9+1.7% 3.8+1.6% 3.9+1.5% 3.4+1.4° 17.1£6.7¢
Moderate 25 50  1.4+1.3 1.3+1.1 1.4+1.1 2.0+1.4 1.941.3° 1.8+1.1° 2.1+1.1° 2.0+1.1° 9.8+5.3%
70 1.4+1.4 1.8415 1.6+1.3 1.6+1.3% 1.6£1.5 1.941.7° 2.3+1.5° 2.1+1.4 9.4+6.8¢
35 50  3.7+1.4% 3.2+ 4" 34+12°¢ 340088 2.7+1.6% 3.7x1.4% 43+1.6% 3.741.3%  17.8+6.3%
70 3.8+1.7°¢ 42417 42+15°¢ 431+2:3. 04 3.1£1.7¢ 42+1.9°¢ 4.6+£2.1°¢ 42+£12%  20.1+6.8"
RF Light 25 50  1.2+1.2 1.1£1.3 1.3£1.1 1.8412 1.8£1.5 1.6x1.3 1.4+1.1° 1.7£1.3 8.246.2°
70 1.6%1.3 1.7+1.4¢ 1.6+1.3 2.1+1.6 2.1+1.6° 2.0+1.8° 1.8+1.7 2.1+1.8 10.0+8.0°
35 50 3.6+1.3°¢ 3.1+1.3¢ 33+1.0°¢ 2.8+1.7% 2.841.9% 3.6£1.6% 3.6+£1.8¢ 3.6£1.5% 16.3+£7.5%
70 3.8+1.2°¢ 3.6+1.1% 3.9+1.1¢ 3.0+1.4°¢ 3.2+41.5°¢ 3.9+1.4° 4.6+2.1° 3.9+1.1° 18.6+5.4°
Moderate 25 50  1.6+1.3 1.5+1.2 1.841.2° 2.3+1.2° 2.4+14% 2.4+1.5" 2.8+1.9° 2.741.5%  12.6+6.5™F
70 1.9+1.6® 2.4+1.8% 2.1£1.6™ 24+1.9° 2.4+].8° 2.6+1.82 2.8+1.9° 3.0£1.9®%  13.3+8.6"
35 50  4.2+1.6™ 3.3+1.7°¢ 4.0+1.5" 3.4+2.0% 3.2+1.8 4.9+1.6" 4.9+1.7% 4.6£1.8°  21.0+7.2%
70 4.3£1.6° 42+1.8° 43+1.5°¢ 3.742.0% 3.8+2.1 %4 5.0+1.7%° 5.4+2.3"% 5.1+1.8%  23.0+7.9%°
Average 2.7+1.2 2.6+1.3 2.5+1.1 2.6+0.8 2.4+0.7 2.9+1.2 3.1+1.4 3.0+1.1 14.145.1

“Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
®Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH

ISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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467w rh i n FREFERIT FHREERA TS > T ITFOR A
B L 50%PEd 37.5 H4c F) 52.5bpmo JBAE L T0%FEd 42.9 H 4 3 54.0
bpm T35+ 2 % [1-15bpm- # 7 ¢ & (85W) 1 (T4 kB E A Y 2 pF >
1 IEREC AR R 5 50%PFd 59.5 4 4 7 76.1 bpm iR & 5 70%PF 4 65.0
B 43 803 bpm - T 2% 15-17bpm o F REBRE 2 (4 50%3
70%)> 1 fepFc g B 5 25°CPEd 37.5 4 91 429 bpm- i & 5 35T
PFd 5253 4c 2 54.0bpm > T30k A g2 5bpm 4 7¢ & (85W) 1 iF

FHBRRYAFE iR AR R S 25CHEY 607 H 4 T 6791

i

bpm > J§ & 5 35CAFd 80.6 3 4r 3 82.6 bpm > L35+ 2 K 2-7 bpm ° %

L

HERG L DA e A B § TG i) > B R 26 5
T VA
RO S REER AR o B ka TR e (T g endg g 4

4-6 ¥

e

TORBREARATRBERATHCOIBAP AT REFEE A
fef 2 ERFERLIT FHRBERH > XA E A R
B & 50%PFd 427 B4 D] 56.6 BE A 0 BRR G T0%PFFd 46.7 3 4e 3
572 a At TP A 1-14Bp Ay o H{iTP R TARBEER

ApE G HEE T A AR S S0%PEd 69.5 B AR 4P 86.5 B

60



At BRR L T0%PEd 73634 d 878 B A 0 T3 A 14-17 B

A,\LL o ﬁci\.éi-p@m 3’_ 7N fk\ |}rj”)ll“i"']' ’ i\%‘bbt’_;}:m ’\Am E’_é\?"l‘] o

Lo EmBcp A Y ha A e L B AT R R 5k PRt & B A

Tl
f

AR > BAIRY AT RAEREDLA P 05%A = ¥ 75%
g 50%A s F 25%A s B S%A R B EE T T @,

AuR AR BEEER| B AR EARNA Y A RE R

E:)

A_“E' r—lﬁk_‘/,:.;fﬂ?.%/\»l— 95%A\lf,mlg\‘;{0

61



%46 2o e L EHER F ABREABRBE T 21 TR s 1 T po

FREE T AR LA TR e A

RT RC RF

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
HRyon(bpm) 110.8 1125 120.2¢ 1232° 1353° 137.0° 147.4™ 150.0™ 113.3* 1149 123.7° 123.7° 136.5° 139.9" 151.9"° 152.3%
S.D. 13.9 155 149 1208 a7 152 144 14.1 14 16.8 129 119 142 159 14.2 12.6
WP(bpm) 35.0 40.5% 48.9° 53.5° 595° 650" 76.1* 803%™ 37.5°  429% 525" 54.0° 60.7° 67.9" 80.6™ 82.6"
S.D. 11 9.3 9.7 8.4 13.1 114 11.6 10.6 10 9.4 9.6 8 124 116 11.6 8
%HRR(%) 36.9 41.5 49.8° 534° 63.6° 66.6° 77.1° 799" 40.0° 453% 534 539° 649" 707" 81.8" 82.6™
S.D. 9.7 112 126 103 145 127 13.1 13.5 10.7 12.24 ™42 3 10 16.6 144 14.2 15

“Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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cSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
)

dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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100 - Full-facepiece respirator abe o
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25T -50% 25T -70% 35C -50% 35°C -70% 25°C -50% 25C -70% 35T -50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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247 2070 L OHEB L ARARRE T2 O f B FEPAIFTHERBERA R TS5

RT RC RF

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
PIP(mmH,0) 14.0 13.8 15.0° 154° 16.1° 163" 17.3" 17.1° 212* 227* 23.5° 243" 30.7° 30.8® 33.8% 35]%
S.D. 1.1 24 1.6 15 #ns D] 2 2.1 3.4 3.7 5.4 5.4 7 5.2 7.2 7.3
PEP(mmH,0) 14.8° 15.5° 140 144 189° 18.7° 183" 18.1° 168* 174 156" 159° 20.7° 19.8® 19.5° 19.6°
S.D. 15 23 23 1.3 B 2.6 3.6 3.3 2.3 2.3 2] 1.6 3.6 2.3 3.5 3.2

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH

dSignificant difference (p<0.05) between RH =

70% and 50% under the same RT, WL, and ET
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25C -50% 25C -70% 35C-50% 35C-70% 25C-50% 25C-70% 35C-50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
B R T R A Tz i 5 B 5 A
Bl 4-6 rvm./f}_)i —‘t"l{‘f”;‘{“’lllfifé i*} i!_‘:"?—f*@
Control mask
EZzz2 Full-facepiece respirator
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T T T T T T T T
25C -50% 25C -70% 357C -50% 35C -70% 25C -50% 25C -70% 35°C -50% 35°C -70%

Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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248 200 L OHEB L ARARE T 2SS S g fok §F R R A TR B AR tie TR
iR

RT RC RF

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
BF(cycle/min)22.1 244 236 248 265" 260  27.8° 289° 242* 247 259 257 289%™ 295% 294> 313°
S.D. 41 42 49 4.2 BET 5.5 5.2 49 3.5 4.5 4.8 4.6 5.2 6.0 6.0 6.9
Ti(sec) 1.37° 125 131" 1.19%® 121 126 118" 1.06 118 121° 1.09 1.01 109 111° 1.05 095
S.D. 025 026 027 025 027 035 027 019 024 026 027 025 027 025 024 027
Te(sec) 139° 140 143 138 120 125 127 117 1.40°  1.32°  1.40° 142° 1.13 113 112 1.16
S.D. 021 051 035 027 027 033 052 027 023 031 035 022 02 0.2 022 025

Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
ISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Workload=Light

SN Control mask
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o
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T T T T T T T T
25C -50% 25°C -70% 35°C -50% 35C -70% 25°C -50% 25C -70% 35C -50% 35°C -70%

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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T T T T T T T T
25C -50% 25°C -70% 35C -50% 35°C -70% 25C -50% 25°C -70% 35T -50% 35C -70%

Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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25C -50% 25C -70% 35C -50% 35T -70% 25°C -50% 25C -70% 35T -50% 35T -70%

Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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249 25 NG FEHB L ABRRRE T ALFE B F AR B FEHEFERE LT AR R RIS
fedttc A t e T8 %

RT RC RF

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
Ve(L/min) 24.5 252 240 27.3% 428" 442"  40.1° 42.6° 29.5°  30.6° 28.0° 31.8°  49.5% 485® 463™ 48.0"
S.D. 5 7.1 5.1 6.1 9.5 9.1 6.5 85 5.9 6 7.6 7.5 11.1 68 7.7 8.2
V(L) 1.1 1.1 1.0 1.1 =64 1.7 1.58° 4 f2° 1.3* M 1.2° L.7° 17 1.6  1.6°
S.D. 0.2 0.3 0.2 0.2 0.3 0.3 03 03 0.2 0.3 0.3 0.3 04 03 0.4 0.3
Vi/VC(%) 289 27.0 272 289 418 443™ 376" 388>  31.5° 325" 282 325" 445" 440" 417"  408°
S.D. 6 7.5 7.2 7.9 7.6 7.9 7 10.3 6.1 7.3 8.2 9.1 87 6.2 9.4 10

Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
ISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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25C -50% 25°C -70% 357 -50% 35°C -70% 25C -50% 25°C -70% 35%C -50% 35T -70%

Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Full-facepiece respirator b °
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25T -50% 25T -70% 35T -50% 35T -70% 25T -50% 25T -70% 35T -50% 35T -70%

Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
cSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Workload=Light

Workload =Moderate

aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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2410 2580 FEHBF L ARABRE T2 LT R B A KT ET A CHCREET B ATRAHS o §
FEH AT TR ARER A i TR

RT RC RF

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
VO,(L/min) 0.85 0.89 0.84 097 144> 159" 1.40° 148" 090  0.93% 093" 1.04* 146" 1.54" 1.52® 161"
S.D. 02 02 02 02 0.3 0.3 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2
%VOom(%) 32.5 344 323  37.0° 554" 604" 53.1° 56.6™ 344  378% 357" 395" 559° 614" 582"  61.0%
S.D. 14 163 127 13.6 227 236 184 223 151 173 154 153 202 245 227  20.1
VOomass 121 128 121 139 206> 228 200" 213" 128 135 1.34° 148 209> 223 219® 231®
(L/Kg/min)

S.D. 02 03 03 03 0.4 0.4 0.2 0.4 0.2 0.3 0.3 0.3 0.3 0.5 0.3 0.4
M(Kcal/min) 4.2 44 42 48 LR 68 79 4.4 46° 46 51° 72> 76" 75 79®
S.D. 08 12 1 1 1.3 1.3 0.9 1.1 1 0.7 1 1 1 1.2 0.7 1
Ve/VO, 200 282 285 282 29.6° 277 286 287 33.0° 31.2° 298 305 33.7°Y 308 304 299
S.D. 31 19 28 32 3.3 2 2.3 2.6 3.4 3.6 3.5 3.4 4.5 3.7 3.7 3.3

Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
4Significant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Workload=Light

dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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25C -50% 25C -70% 35C -50% 35C -70% 25C -50% 25C -70% 35C -50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
EN- = A N -
Bl4-14 2R ERTHFAELI T2 <35 £
Control mask O bd p
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25T -50% 25°C -70% 35T -50% 357C -70% 25T -50% 25°C -70% 35C -50% 35T -70%

Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
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25C -50% 25°C -70% 35°C -50% 35°C -70% 25C -50% 25°C -70% 35°C -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignifiCant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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25C -50% 25°C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
Csignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Control mask acd
Full-facepiece respirator i
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25°C -50% 25°C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35T -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignifioant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Light

25 35 35
50 70 50 70 50
34.4 34.5° 36.7° 1o min2 37.0°
1.7 1.9 iy 1.2 1.8

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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25C -50% 25C -70% 35C -50% 35T -70% 25C -50% 257 -70% 357C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Diffié;ulty Difficulty Discomfort Discomfort General
on on caused by caused by discomfort
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Total RPE

Difficulty on inspiration
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SN Control mask abc
Full-facepiece respirator abe
ac hd
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20 o ;g
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o
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25C -50% 25C -70% 35C -50% 35°C -70% 25C -50% 25°C -70% 35°C -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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SN Control mask
zzzZ F ull-facepiece respirator
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be bed
10 - o o o

o
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T T T T T T T T
25°C -50% 25°C -70% 35C -50% 35C -70% 25°C -50% 25°C -70% 35°C -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Difficulty on expiration

Discomfort caused by temperature inside the mask
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Control mask
Full-facepiece respirator
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25C ‘-50% 25C ‘-70% 35C ‘-50% 35C ‘-70% 25C ‘-50% 25C ‘-70% 35C ‘-50% 35C ‘-70%

Workload=Light

BEBERETHAES LT
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Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
cSignific:«.mt difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Control mask
Full-facepiece respirator
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25C -50% 25°C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35C -50% 35°C -70%

Workload=Light

2

BERTHPFEY 1 iF2
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Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Discomfort caused by sweating inside the mask

General discomfort

12
Control mask
Full-facepiece respirator od be
10 °® c®
bc
8 c cd b be [ 3
b
c ® ® o Z
_ /
6 b ‘/
7
a [ J Q? é
Y é
2 §é o
Nl ©
§ o o o
0 o ce
T T T T T T T T
25C -50% 25°C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35°C -50% 35°C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignific:«mt difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Control mask
Full-facepiece respirator
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25°C -50% 25°C -70% 35C -50% 35°C -70% 25°C -50% 25C -70% 35C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignific‘,ant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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2412 25 A X SHBG Y ARREE T 2 AL FE 1 MBS T

Correlation o : o

Coefficiont HR,,x WP %HRR PIP PEP BF Ti Te Vi Vi Vi/VC VO, %VOs VOsmse M EQv Tm
Difficulty on 026" 0.327 030" 0.16° 0257 0297 -0307" -0.16" 028 0.12° 022" 0287 040 035" 028" 0.06 0.05
inspiration
Difficulty on 022" 026" 022" 0217 024™ 028 029" -0.16° 0277 0.1 = 0227 0277 038" 0347 0277 008 004
expiration
Discomfort caused
by temperature 033" 044 0407 0277 02277 0287 -0257 -0.18" 0297 0.12° 0.187 028" 0367 0357 0287 006 0.18*
inside the mask
Discomfort caused ; ' ; !
by sweating inside 0.36" 048 047 0247 02277 02377 -02477 -0.13° 03077 0.8 02277 03177 0387 0407 03177 0.01 0.19%
the mask
General discomfort 0.317" 047 043™ 025" 024" 028" -028™" -0.15° 0297 0.12° 0207 0277 0377 039" 0277 007 0.16"
Total RPE 033" 046 043 0257 025" 029" -0297" -0.16™ 03277 0.15° 0227 03177 0417 040" 0317 0.06 0.15"

<01, *p<0.05, **p<0.01, ***p<0.001
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%413 EREFRNOS © § aRMZRE T2 4 2 AR EAF TR R A 7.5 % (n=106)
Environmental Rela.tn./e Typ.e of Work Load Significant
Temperature ~ Humidity Respirator (WL) Interaction®
(ET) (RH) (RT)
Physiological workload
Working Pulse (bpm) *A + HAK ET-WL,RH-WL
Work Pulse (bpm) ik N ok ET-WL,RH-WL
Heart Rate Reserve (%) Ak d *oAk
Peak Inspiratory Pressure (mmH,0) g+ * + * ol ET-WL
Peak Expiratory Pressure (mmH,0) g W RT-WL,RH-RT-WL
Breathing Frequency (cycle/min) o *% ET-RH-RT,RH-RT-WL
Time of Inspiratory (sec) o o ki RT-WL,ET-RH-RT
Time of Expiratory (sec) = ety
Minute Ventilation (L/min)* 4 na ¥ g
Tidal Volume (L)* na ool
V/VC (%)* na ¥
Oxygen Consumption (L/min)* o na iy
Percentage of Maximal Oxygen Consumption (%)" i na e
Oxygen Consumption / mass (ml/min/Kg)* i na Rk
Metabolic Rate (Kcal/min)* & na i ET-RH
Ventilatory Equivalent® 3 na
Temperature in Mask (C) sk x ook ET-RT
Oxygen Saturation (%) Hokk
Subjective RPE for environment
Discomfort caused by temperature e ¥
Discomfort caused by humidity g i e
General discomfort for environment ol ok
Subjective RPE for respirator
Difficulty on inspiration e o
Difficulty on expiration ook + o
Discomfort caused by temperature inside the mask ok * ok
Discomfort caused by sweating inside the mask *Ex * ok
General discomfort x + ok
Total RPE wokx + wkk

"p<0.1, *p<0.05, **p<0.01, ***p<0.001, *Only for RWV, ®p<0.05; na = not applicable.
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F4-14 22 RN v ¥ ABRFEE T 2 412§ Ff 53 T4 (meantS.D.)

N

RT WL ETRH HR, WP  %HRR PIP  PEP BF Ti Te SO, Tm Vit Vit Vv iVEr VO % V0o VOomesw MY EQVH
RNV Light 25 50 107.5£12.9 34.0+8.5 37.5+10.6 13.9£1.5 12.3£1.6 23.5+£3.5 1.3540.22 1.3310.29 96.0+1.6 34.4+1.0 na na na na na na na na
70 106.5£10.0 33.9+49.6 36.6+8.5 13.8+1.7 12.9+1.1 23.1+4.2 1.40£0.42 1.37+0.30 95.1+2.4 34.7+1.0 na na na na na na na na
35 50 111.6+£9.5 39.2+104 42.0+£9.1 15.0+1.5 12.2+1.2 24.1£3.9 1.28+£0.30 1.35£0.23 93.6+2.0 36.0+0.6  na na na na na na na na
70 112.9+10.8 45.0+9.2 46.2+8.2 15.2+1.6 12.1+1.4 25.0+5.4 1.25+0.36 1.54+0.59 93.9+2.3 36.5+0.6 na na na na na na na na
Moderate 25 50 127.5+13.5 54.0+10.5 59.0+11.3 18.0+2.5 15.4+1.9 27.3+4.4 1.20+0.25 1.14+0.26 95.6+2.1 34.3£0.9  na na na na na na na na
70 130.149.4 57.5+£12.4 62.449.1 17.9£2.2 16.3£1.4 28.0+4.9 1.19£0.27 1.1310.28 95.1+1.9 34.8+0.8 ~ na na na na na na na na
35 50 134.9+11.3 62.6£10.1 67.6+9.1 19.242.1 15.6+1.5 28.3+4.8 1.12+0.29 1.15+0.27 93.5+2.7 35.9+0.8  na na na na na na na na
70 138.3%13.0 70.4+12.2 72.3+x10.5 20.24#2.1 16.5£1.8 30.6+£5.5 1.05£0.29 1.07£0.20 93.5+3.6 36.4+0.6 na na na na na na na na

RWYV Light 25 50 106.1+13.2 32.6+10.2 35.8+12.1 13.2+1.4 9.5£1.4 22.1+5.2 1.36+0.37 1.67+0.88 95.5+2.1 33.1+1.8 12.0£2.9 0.6£0.2 16.2+6.7 0.45+0.1 17.3£3.9 6.3£1.4 2.3+0.4 26.3+2.2
70 106.0+8.9 33.549.4 36.0£8.1 13.4+1.3 10.4+1.7 23.0£6.3 1.2310.42 1.74£0.77 96.0+1.2 33.7+1.1 12.0+2.8 0.6+0.2 15.8+7.3 0.48+0.1 18.343.7 6.6+x1.4 2.4+0.5 25.0+3.0

35 50 112.6+£10.5 40.3£10.7 43.0+8.9 14.5+1.6 9.4+1.1 25.443.8 1.1010.31 1.4010.24 94.4+2.3 36.0+0.8 11.8+2.5 0.5+0.1 12.943.4 0.47+0.1 17.843.2 6.4+1.1 2.3+0.4 25.2+2.2

70 113.6+12.2 45.6+11.1 46.749.6 15.2+1.6 9.4+1.5 25.4+4.7 1.1320.36 1.64+0.91 93.9+2.1 36.4+0.6 14.0+3.6 0.5£0.2 14.244.9 0.57+0.1 21.745.5 7.841.9 2.8+0.7 24.44+2.2

Moderate 25 50 128.1£13.6 54.6£10.0 59.9+12.1 16.9+1.9 11.6£1.0 25.844.9 1.25+0.36 1.24+0.28 95.2+2.1 33.4£1.0 20.6+2.7 0.8+0.2 22.7+7.2 0.81+£0.1 31.0+5.5 11.3£2.2 4.0+0.4 25.5+1.9

70 130.4+8.3 57.8+11.1 62.848.4 17.5+2.4 11.9+1.8 27.3£5.2 1.17£0.35 1.23+0.34 94.9+1.5 33.3+2.0 21.0+2.9 0.7+0.3 20.1+10.6 0.83+0.1 31.9+6.0 11.7+2.8 4.0+0.8 25.2+1.7

35 50 136.8+11.0 64.5+11.4 69.3+8.1 18.9£2.0 11.2+1.5 29.5+4.9 1.06+0.28 1.1240.19 94.9+1.6 35.740.7 20.742.3 0.7+0.1 19.7+4.6 0.80+£0.1 30.6+5.5 11.1+2.2 3.9+0.5 26.2+£3.9

70 139.4+12.2 71.5+12.1 73.5+£10.8 19.7£3.4 11.1£1.5 28.6+£5.3 1.06£0.32 1.1810.25 94.142.6 36.1+0.7 22.5+4.6 0.840.2 22.0+£5.5 0.89+0.2 34.0+7.5 12.4+£3.0 4.4+0.8 25.3+1.8

“Only for RWV; na = not applicable.
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#4-15 A REF RNOS v ¥ A BFRB T 1 B7 {4 i 23503 FF (meantS. D)7 & * #cd 4o iRk & < | At 2

Rl

B b
Environment Respirator
. . - Discomfort Discomfort
RT WL ETRH Discomfort Discomfort ' General Difficulty Bttty gn ¢ cMged by caused by General
caused by  caused by discomfort for on . - L . Total RPE
- : R expiration temperature ~ sweating inside  discomfort
temperature  humidity =~ environment inspiration |
inside the mask the mask
RNV Light 25 50 1.6+1.4 1.841.6 1.7£1.5 1.8+1.3 1.6+1.3 1.7¢1.5 1.6+1.4 1.8+1.2 8.516.7
70 1.9+1.7 2.1+1.8 1.9+1.7 2.1+1.2 1.941.2 2.1+1.5 1.8+1.5 1.941.3 9.846.7
35 50 3.3+1.9° 3.1+1.8°¢ 3.3+1.8°¢ 3.3+1.8°¢ 3.3+1.8°¢ 3.4+1.9° 3.1£2.0°¢ 33+1.8°¢ 16.2+9.2°¢
70  3.4+1.5°¢ 3.6t1.5°¢ 3.5+1.5¢ 3.0£1.8°¢ 3.0+1.8°¢ 34+1.6° 3.841.8% 3.6+1.6° 16.848.2°¢
Moderate 25 50 2.3+1.9° 2.441.9° 2.4+1.8° 2.5+1.8° 2.5+1.8" 2.6+1.8° 2.7¢1.9° 2.7+41.8° 13.0+8.9°
70 2.6+22° 2.7+l2° 2.742.2° 2.9+2.0% 2.9+2.0° 3.0£2.1° 3.042.3° 2.9+2.0°  14.8+10.3°
35 50 4.042.3% 3.842.3% 3.942.3% 4.142.5% 4.142.5% 4.5+2.3% 4.442 4% 4342.3%  21.4411.9%
70  4.2422% 434220 434230 3.9+2.3°¢ 3.942.3%¢ 4.542.3% 4.8+2.2"% 45+2.4%  21.6+11.3%
RWV Light 25 50 1.6+1.6 1.5¢1.4 1.6£1.5 1.9+1.3 2.0+1.4% 2.0+1.6 1.8+1.3 2.0+1.4 9.746.9
70 1.9+1.5 1.9+1.6 1.9+1.7 2.3+1.5 2.3+1.3 2nlEFIN3 1.9+1.4 2.2+1.3 10.8+6.8
35 50 3.5+2.2° 3.442.1% 3.542.2°¢ 34422° 34422° 3.842.1°¢ 3.6+2.0% 3.742.1°¢ 17.9£10.5°¢
70  3.9+2.0° 4.0£1.9° 39+1.9°¢ 3.6£1.9% 3.6+1.9% 4.1+1.9% 42+1.9°¢ 3.8+1.8°¢ 19.349.3%*
Moderate 25 50 2.1£1.7 2.141.8° 2.3+1.9° 2.5+1.8° 2 7 Y 2.7+2.0° 2.6+1.8" 2.6+1.7° 12.848.7°
70  2.5+2.1 2.742.3° 2.6+£2.2° 3.142.0° 2.942.0° 3.042.0° 3.142.0° 3.142.0° 15.249.8°
35 50 4.1+2.7% 3.942.7¢ 4.142.6% 4.042.6 4242.6% 44426 4.442.7" 4.442.7%  21.4+13.1%
70  4.242.5°¢ 4.4+2.5°¢ 4342.6° 3.9+2.0 4.02.1" 4.842.5" 5.142.55 4.742.4%  22.4411.3%
Average 3.0£1.0 3.0£1.0 3.0£1.0 3.0+0.8 3.0+0.8 3.3#1.0 3.2+1.1 3.241.0 15.7+4.7

“Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

101



431 TR EHBEL S
43.1.1 1 TR s 1 iR s S FEEFF AV

% 4-16 5 1 iTpF ot~ T iR gk s S FREH AV 2 iy 0 A
B EFIZ A [R] 4-33 ~ B 4-34 ~ Bl 4-35 0 P AT G

d % 4-13 VAR R TR HERS RRARHMKEE
416 Warpf aR NS c SRR (7R §REFA AP 1
TR AR AR 5 S0%PFd 107.5 H 4 | 111.6 bpm @ R A 5 70%P 4
106.5 # 4 3 1129bpm» T35+ 4 ¥ 4-6bpm > #4179 B 1 (T4 RBEER
bR 3 TR A RAR 5 50%PFd 127.5 3 4c 3] 134.9 bpm > (R A A
70%PEd 130.1 #4c 1 1383 bpm » T35+ 2 % 7-8 bpm ; o % 4-22 7 4
et RNOS v B iFgg k1 (BpF > § RBIEAR YA 1 (FpFup i
BAR 5 50%FFd 106.1 3 4c $] 112.6 bpm » ;& & 5 70%FFd 106.0 3 e %
113.6bpm > T35+ 2 78 bpm> {79 R1ITFHRBEER L ApF> 2
TR A RAE S S0%PFd 1281 B 4c F| 136.8 bpm 0 JRE i 70%FEF d
130.4 34 1 1394bpm> T2t 2 ¥ 89bpm- ¥ fr& KX N95 v ¥ frj &
N9S ¢ ¥ ARl ehf 2 RBIBAT P BRBER L HIDE R (TR
Jeo RIMIBRAE S G B PEHMEE L ik e E i RBEER
TR B e AR R o

d % 416 23 AP LEL TS WRT ’F" T3 TT e el Rk
FR AL BRI B TR R R G L0 f T o
B 35CH BRERAG A H1 Fupfoc FREF AV G REFI AL

eyt o d B 4-33 B 4-34 B 4-35 - v Ao g X E G AR g
FruP R R PR o
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% 4-16 & W3 W N5

|
et
F_&

BEBE T2 LIRS s LIRS o FRE P A AR TR E R A

e TR

RT RNV RWV

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
HRyon(bpm) 107.5 106.5 111.6 112.9 127.5° 130.1° 134.9* 1383 106.1 106 112.6° 113.6° 128.1° 130.4° 136.8™ 139.4™
S.D. 129 10 9.5 108 135 94 113 13 132 89 105 122 136 83 11 12.2
WP(bpm) 34.0 349 392 45  54° 57.5°  62.6™ 704" 326 335  403° 456 546" 578  64.5* 71.5%
S.D. 85 9.6 104 92 10.5° 124 10.1 122 102 94 107  11.1 10 1.1 114 121
%HRR(%) 37.5 366 420 462 59.0° 624" 67.6™ 723 358 360  43.0° 467 599° 628" 9.3 73.5*
S.D. 109 8.9 9.2 8.7 119 102 9.6 11.9 121 83 9.1 9.7 127 9.3 8.9 12

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSigniﬁcant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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HRwork(bpm)

WP(bpm)
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N95 Face mask without valve
N95 Face mask with valve b p be
bc
oce Ce
bc
b Obc
o )
b
Cc
o® c c®
® o
—_— Ce °
®
o) o. o
N
N -
OCe °
dle d
° o
T T T T T T T T
25C -50% 25C -70% 35°C -50% 35°C -70% 25C -50% 25C -70% 35°C -50% 35°C -70%

a Workload=Light Workload =Moderate
Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignifioant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
cSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

B 4-33 L BRETHAEY 1 F2 1 T p

SN N95 Face mask without valve bc‘é) bed
N95 Face mask with valve be ®
b bc
b o
ce b ()
o
cd T®
®
o] cd
N
) Qe ?
o Ce T
R o
®
®
o Cce
re) o
) Ce
T T T T T T T T
25C -50% 25C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
Csignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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100

ESSSN N95 Face mask without valve b b bc‘é) bed
N95 Face mask with valve ce ) ®
c
Obc
b ®
80 o g
cd
®
C
o oo
_ 80+ 5 5
S L o®
12 ce
£
o
S o®
40
®
) o
[
20 Ce
[
0 T T T T T T T T

25C -50% 25C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35°C -50% 35°C -70%
Workload=Light Workload =Moderate
aSignifioant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
Csignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl 4-35 L BB THRFEY 12w FRER P A

43.1.4 B F R4 b F RS

Fo4-17 S g R4 b F R4 2 im0 A B EEE 4-36 ~ B

4-37 > WP 4o T

d 24137l R f B RFRD RN iklEF
% 4177wt NS &R X imEr (45W) 105 § 5L R R 2
(d 25CE 35C ) v f B4 BiBA 5 50%pFd 13.9 # 4c 7] 15 mmH,0 -
BR S T0%Pd 14.0 # 4 3 152 mmH,0 » T3+ 2 % 1.1-1.2 mmH,0 -
FFP R (85W) 1 iTFHREFEA L 2APF > 1 TR ARAE 5 50%PF
d 18.0 3 4r 3] 19.2 mmH,0 > J& & 5 70%FFd 17.9 3 4c 3 20.2 mmH,O >
Tt A% 1223 mmH,0; fe g N95 4 R o ¥ 74 (45W) 1 1% >
FEREER A (J 25CI 35C) s f B4 BR 5 50%PFd 13.2 3
v 3] 14.5 mmH,0 » & & 5 70%FPFd 13.4 34 2 152 mmH,0 » T35+ 2
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9 1.3-1.8mmH,0 > # 77 & (85W) 1 it BB EAE L 1 T
B AR R A 50%FPFd 16.9 3 4 1] 18.9 mmH,0 » R R 5 70%PEd 17.5 34
v2 197mmH,0 > T 2 % 2-22mmH0° F]pt A A NS v & Ldpfe
R R RBBAT CRBEA L LI EH e F RS B P G R NOS

R F 0 A AT e s R R o

b 24137 TR RIcRR THLF B A FOF L d B 4-37F
F 3 RNOS v § ek fRA 5 R R
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% 4-17 2 L5 RN v ¥ AR

BEER T 20§ frb f BRA {FHEPIF FTHRERBEM BT S55
RT RNV RWV
WL Light Moderate Light Moderate
ET(C) 25 35 25 35 25 35 25 35
RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
PIP(mmH,0) 13.9* 14 15° 152°  18® 179 192 202 132 134  145° 152° 169" 17.5° 189" 19.7™
S.D. 15 1.7 15 1.6 g.5 248 2.1 2.1 1.4 1.3 1.6 1.6 1.9 2.4 2 3.4
PEP(mmH,0) 12.3* 13* 122 12.1* 154 16.3™ 156® 16.5° 95 104 94 9.4 11.6°  11.9°  11.2° 11.1°
S.D. 16 1.1 12 1.4 1.9 1.4 1.5 1.8 1.4 1.7 1.1 1.5 1 1.8 1.5 1.5

Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH

“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask without valve
N95 Face mask with valve
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T T T T T T T T
25C -50% 25°C -70% 35°C -50% 35C -70% 25°C -50% 25°C -70% 35°C -50% 35°C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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~ N95 Face mask without valve
zzzz2 N95 Face mask with valve ab
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TN o
o —mza—- o
® o

T T T T T T T T
25C -50% 25°C -70% 35°C -50% 35C -70% 25°C -50% 25C -70% 35°C -50% 35°C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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43.1.6 PERAEF S R FEFRF L F R

0418 LeEEEE s F R ok § R 2 il 0 A W IR
+T ] 4-38 ~ B 4-39 ~ [B] 4-40 0 B 4T

4137 wRBBRFESIT G EEDRLE o d L 418 7 e
FRR NS v ERiFER (45W) 1 iF> gRIEEARLT S (4 25C2
35°C ) B HE K AR AR G S0%PFd 24,1 3 4v F] 23.5 cycle/min > JRR &
70%p%d 25.0 3 4r 3 23.0 cycle/min» L 32+ 2 ) 0.6-2 cycle/min > §4 {7 ¥
BO(85W) 1§ BB AR L2 oS ARA 5 50%PFd 27.3 #
4v 3] 28.3 cycle/min » JRR& 5 70%pPFd 28 3#i4r I 30.6 cycle/min » T =2}
A ¥ 1-2.6 cycle/min ; feft 3 R NOS ¢ X S i7d5 & (45W) 1 0% > § ki
BRYA (4 25C2 35C) g5 aiBA&R 5 S50%PFd 221 3§ 4c 3
25.4cycle/min > JB & % T0%PFd 23.0 3 4r 3 25.4 cycle/min > T35+ 2 4
2.4-33 cycle/min » {7 ¢ B (85W) 1 iF 4 TR g A b2 pF o e s p
wiRE 5 50%PFd 25.8 3 4 F] 29.5 cycle/min’ (R & 5 T0%FFd 27.3 3 4c
1 28.6cycle/mins Tt 2 1.3-3.7cycle/mine ¥ 4 f8 NO5S & & . 4p
Fenf im s RBIBAET » BRBEAE P Lo Mt nig s > HY U R
NO5 v ¥ 4 & o

d 2 4B 7R ERARRFET I EERE - d £ 418 7 5fe
PER NS cEHFER (45W) 217 gREEARATH (4 25C2
35°C ) B f PERF AR 5 50%PEd 1.35 % 5 | 1.28 sec B A& 5 T0%PF
d 14853 125sec LT % 4 0.07-0.15sec> # 77 & (85W) 1 iF
THRBEEARE YA By R ARR S 50%FFd 1.2 80 1) 112 sec 0 VB
B4 70%Fd 119 % 3 1.05sec > 3T % ¥ 0.08-0.14 sec ; feitF M
NO5 v B ivask (45W) 115> $ B EAFH (4 25C3 35C)>
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Bk PERARE G 50%PFd 1.36 5 Bl 1.lseco JBR & T0%PFd 1.23
23 1.13sec T3mF 2L 5 0.1-026sec 77 B (85W) 1 iT4 %BF
B AE> S PR AERR S 50%PFd 1.25 85 3] 1.06sec JBE 5 70%
Pl 117 %5 3 1.06sec> T 357 *5 4 0.11-0.19 sec » ¥ 4+ 46 N95 & &
AR R 2 RBIBRET CBRBRER T ABER PR FER P
ERNOS o X i b s o T f LR -
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2418 ZMBEF RN ¢ § LiBABRB T2 G F R f ok §F FRH R A TR RIS th LA S

RT RNV RWV

WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70

BF(cycle/min) 23.5 23 241 25 27.3%® 08P 283  30.6® 221 23 25.4° 254 258" 273> 295 286
S.D. 35 42 39 5.4 4.4 49 4.8 5.5 op 6.3 3.8 4.7 49 52 4.9 5.3

Ti(sec) 135" 1.4®  128® 125 12°  1.19° 1.12 1.05 1.36™ 1.23° 1.1 113 125 117 106  1.06
S.D. 022 04 03 036 025 027 029 029 037 042 031 036 036 035 028 032
Te(sec) 133 14> 135 154 114 113 115 107 1.67° 174" 1.4° 1.64% 124° 123 112 1.184
S.D. 029 03 023 059 026 028 027 0.2 088 077 024 091 028 034 019 025

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask without valve
N95 Face mask with valve
b
ab
o bc oc®
b .
b
ab Op —_
b - o
c Oe [ ]
o @
oce o
o - ® °®
®
o o o o
o
[
®

T T T T T T T T
25C -50% 25°C -70% 35°C -50% 35T -70% 25C -50% 25°C -70% 35T -50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignifioant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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<Y N95 Face mask without valve
N95 Face mask with valve
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25C -50% 25°C -70% 35C -50% 35C -70% 25°C -50% 25C -70% 35°C -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask without valve
Ezza N95 Face mask with valve
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25C -50% 25°C -70% 35C -50% 35C -70% 25C -50% 25°C -70% 35°C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25 under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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2419 BEREFRNS vy ABBEET2LAULFE - RF IR - PFFREPFEELF AV KRR TS
fedttc At T8 %

WL Light Moderate

ET(C) 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70
VE(L/min) 12 12 W's 144 20.6 P 20.7° 22.5
S.D. 2.9 2.8 b 3.6 S 2.9 2.3 4.6
V(L) 0.6° 0.6 0.5 0.5 0.8" 0.7 0.7° 0.8°
S.D. 0.2 0.2 0.1 0.2 0.2 0.3 0.1 0.2
Vi/VC(%) 16.2° 15.8 12.9 14.2 22.7% 20.1° 19.7° 22°
S.D. 6.7 7.3 3.4 4.9 722 10.6 4.6 5.5

Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH

*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
ISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask with valve

o
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T T T T T T T T
25C -50% 25C -70% 35C -50% 35°C -70% 25°C -50% 25°C -70% 35C -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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Bl 441 LRERTHFEY AF2Z 2852

0.8

0.6

0.4

N95 Face mask with valve
®
®
c ° s _
®
% % )
® °®
L ®

0.0

T T T T T T T T
25°C -50% 25°C -70% 35C -50% 35C -70% 25C -50% 25C -70% 35°C-50% 35°C-70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignifioant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask with valve be b
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25C -50% 25C -70% 35T -50% 35C-70% 25T -50% 25C -70% 35°C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignifioant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignifioant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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B 43 0.57 L/min» T35 2 % 0.03-0.1 L/min» # 77 & (85W) 1 i*F
FERBIBA AP KF EARAR L 25CH 0.81 # 4 7] 0.83 L/min >
R L 25CHd 0.80 # 4 3 0.89 L/min » T 32+ 2 % 0.02-0.09 L/min -
B 24202 A HARMIPREST I A LI EF AN cH L
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2420 BT RNOS © § GiRMTRA T4 R A AT RF A Mo MEST B AR ol § 4

1

By R TR AR R A te TR R

WL Light Moderate

ET(C) 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70
VO2(L/min) 0.45 0.48 0.47 0.57< 0.81° 0.83° 0.80° 0.89™
S.D. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
%V02(%) 173 18.3 17.8 21.7¢ 31° 31.9° 30.6° 340
S.D. 3.9 3.7 3.2 5.5 5.5 6.0 5.5 7.5
EE/ZK;L/Kg) 6.3 6.6 6.4 7.3 11.3° 11.7° 11.1° 12.4%
S.D. 1.4 1.4 5 1.9 2.2 2.8 22 3.0
M(Kcal/min) 2.3 2.4 2.3 2.8 4.0° 4.0° 3.9° 4.4
S.D. 0.4 0.5 0.4 0.7 0.4 0.8 0.5 0.8
EQv 26.3 25 252 24.4 25.5 25.2 26.2° 25.3
S.D. 2.2 3.0 2.2 ¥ 1.9 1.7 3.9 1.8

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSigniﬁcant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask with valve
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T T T T T T T T
25C -50% 257C -70% 35T -50% 35T -70% 25C -50% 25C -70% 357 -50% 35 -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
Csignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

W 444 bR BRTHREEY 2 iF2 455 &

N95 Face mask with valve
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g
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25C -50% 25T -70% 35C -50% 35C -70% 25°C -50% 25C-70% 35C-50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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(ml/min/Kg)

2mass

Vo

M(Kcal/min)

25

N95 Face mask with valve
b bd
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20 ®
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b
15 - bad
cd
10 - R ®
[ ) ®
% % é ) .
57 ®
[ ]
0 T T T T T T T T
25C -50% 25T -70% 35C -50% 35C -70% 25°C -50% 25T -70% 35°C -50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
CISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
)ll ‘.W N _* 7 - . 772 \ Py el _a
Bl4-46 L REETHGFEY T T2 E-HEHLI £
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N95 Face mask with valve
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bd
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b
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cd %
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[ ]
1 T T T T T T T T
25°C -50% 25°C -70% 35C -50% 35°C -70% 25°C -50% 25C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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45
N95 Face mask with valve
40 o ®
35 —
30

IRRERURE

20

EQV(%)

15 T T T T T T T T
25C -50% 25C -70% 35C -50% 35C -70% 25C -50% 25°C -70% 35°C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl4-48 LB FATHFAE? 2 vl 54 &
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% 421 o PR AL §ER 2 wlEdy 0 BB RIFEAE
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TR fRR A ERFH T ENER d A 421 VEREAER
NO5S v B imdk (45W) 118 $ B ER 2 (4 25C31 35C)>
Y PNER ARE S S0%FFd 344 H 43 36°C 0 BR L T0%PEd 35 H
502 365C THEFAG15-16C #Hi7Y & (85W) 1 IT5 BB ER
FAE G ERERABAE S 50%PFd 343843 359°C 0 RAE S 70%
PEd 348345 360°C T 216 C Fir YR alg¥Lp
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%421 AaREFRNS v R A BAERBE T2 0 E P ERATrL FEARE B ATTRIRER A t LT B 5

RT RNV RWV
WL Light Moderate Light Moderate

ET(C) 25 35 25 35 25 35 25 35

RH(%) 50 70 50 70 50 70 50 70 50 70 50 70 50 70 50 70
Tm(°C) 344° 350 36° 36.5 343% 34.8° 359° 364 331 337 36° 364%™ 334 333 35.7°  36.1%
S.D. 1 1 0.6 0.6 0.9 0.8 0.8 0.6 1.8 1.1 0.8 0.6 1 2 0.7 0.7
SO,(%) 96° 95 936 939 956° 951 935 935 955 96 944 939 952 949 949 941
S.D. 1.6 2.4 2 2.3 2.1 1.9 2.7 3.6 ne 1.2 2.3 2.1 2.1 1.5 1.6 2.6

*Significant difference (p<0.05) between RF and RC under the same WL, ET, and RH
*Significant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
“Significant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSigniﬁcant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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N95 Face mask without valve
N95 Face mask with valve
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Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH

bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
Csignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl4-49 et v B R FdEd 1 (FALBEATZ O Ep

T T
25°C -50% 25°C -70% 35°C -50% 35°C -70% 25°C -50% 25°C -70% 35°C -50% 35°C -70%

00
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c ° ¢
98 o
® O ° ob Py
o o
96
®
94 o
92 o
o
®
®
90 - ° oce d
®
o
88 -
o
86 - [}
SN N95 Face mask without valve o©
EZzz2 N95 Face mask with valve
84 T T T T T T T T
25C -50% 25°C -70% 35C -50% 35C -70% 25°C -50% 25°C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
CISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET
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10

: _________ 11111

f T T T !
Difficulty Difficulty Discomfort Discomfort General
on on caused by caused by discomfort
inspiration expiration temperature sweating
inside the inside the
mask mask

Bl 4-51 »¥ex ppE B 2 4 BLH i BO9E 4T 304

4.3.2.2 1 % i 422 (Total RPE)

Reet R R L 2 ABAFRF AR EE SR AR AR
Total RPE 18 i& {7 %8 e 47 > FEIZ B[] 4-52 o

d % 4-15 voarpeft @ ONOS v R H 7de B (45W) 1 1% § %5
B R A(d 25C3 35C ) Total RPE 7B A& 5 50%PFd 8.5 #i 4c ¥ 16.2°
B S T0%PEd 98343 168> T3t 297077 HiEFP R (85W)
1R RBE AR 2 Total RPE &R A 5 50%PFd 13.0 3 40 7] 21.4
BR S T0%Pd 148 H 43 2160 T3t 2 % 84-6.8; BB IBRA L2
(d 50 & 70%) > Total RPE %8 & & 25CPd 85 #4398 g & &
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25CHEd 162 #4c 3 168> T35 45 06-1.3 0 # 79 & (85W) 1 iF
B RBORA Y AP Total RPE fif & 5 25°CPed 13.0 34 3] 148 i &
5 35CHd 214 3403 216> T35+ 24 02-1.8° d % 4-13 - 4-52
Tarfefi s R ONOS v ¥ v Apit2 AR v UTRBIE R AP Ak
IR E T 2R 5 F o

2 4-15ent vt B E L 2 0 B R IE o B IE Y ) 4-53 1 W)
4-57 » #7% PABF W 2 Total RPE 4p 2 > BAp e chd S v f F T » BB E
BRABRBEAL AT €R i B AR -

50
N95 Face mask without valve bc
N95 Face mask with valve O pe
40 — :
N
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30 §Z
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w % 7 \/ N
: \ I B
z 20 o ce N/ 2 NN
3 5 N Y Y
. Y Y N
N/ Z N N
N Y 0
10 o &Z % Z
i _
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25°C -50% 25C -70% 35T -50% 35T -70% 25T -50% 25°C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
a‘Signifioant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl 4-52 LR FRTHFHE? 1iv2 L 27 i RPE &
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Difficulty on inspiration

Difficulty on expiration

10

N95 Face mask without valve
N95 Face mask with valve
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T T T T T T T T
25°C -50% 25°C -70% 35C -50% 35C -70% 25°C -50% 25C -70% 35T -50% 35C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl4-53 2 RBRTHRGFEY 1 T2 p L s TR
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N95 Face mask without valve bc
N95 Face mask with valve Obe
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T T T T T T T T
25°C -50% 25°C -70% 35C -50% 35°C -70% 25°C -50% 25°C -70% 35°C -50% 35°C -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
cSignificant difference (p<0.05) between ET = 35C and 25 under the same RT, WL, and RH
CISignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl4-54 LREBRTHFAEY 1 v i Bk § FIELARA
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Discomfort caused by temperature inside the mask

Discomfort caused by sweating inside the mask

12

N95 Face mask without valve
N95 Face mask with valve bc
10 bc bc.
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25C -50% 25°C -70% 35C -50% 35C -70% 25C -50% 25C -70% 35C -50% 35T -70%
Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35°C and 25°C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl 4-55 L RERRETHRFAEY T2 LB ELEN TR FMAR
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N95 Face mask without valve
N95 Face mask with valve bed
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25C -50% 25C -70% 35C -50% 35C -70% 25T -50% 25C -70% 35C -50% 35C -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignifioant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
cSignificant difference (p<0.05) between ET = 35C and 25C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl 4-56 2 EiRARTRAEY 1Tl EL N RF G AR
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50

General discomfort

N95 Face mask without valve
N95 Face mask with valve
c
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T T
25C -50% 25C -70% 35C -50% 35C -70% 25T -50% 25C -70% 35C -50% 35T -70%

Workload=Light Workload =Moderate
aSignificant difference (p<0.05) between RF and RC under the same WL, ET, and RH
bSignificant difference (p<0.05) between moderate and light WL under the same RT, ET, and RH
CSignificant difference (p<0.05) between ET = 35C and 25C under the same RT, WL, and RH
dSignificant difference (p<0.05) between RH = 70% and 50% under the same RT, WL, and ET

Bl 4-57 LR RRTHGEEY 1 T2 EELEFWAFRER
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133

422 e RNOS o & AiRABRBE T2 A & a7 i MBI s 4T
Correlation 0 ! 0
Cocfficient HRyox WP %HRR PIP PEP  BF Ti Te VE Vi Vi/VC VO, %VOumaxVOsmss M EQv  Tm SO,
Difficulty on 45 90" 023" 022" 015" 0257 -0.337 000 022" 003 <002 023" 020 015 0200 -0.03 0267 -0.18"
mspiration

Difficultyon 40 29" 023" 025" 0.15° 028" 036" 0,03 021" 001 005 022" 0.19° 014 020" -002 0277 -017"
expiration

Discomfort caused

by temperature  0.15°  0.28" 027" 029" 0.15 0327 -040"" -0.05 022" 0.00 -0.06 022" 021" 0.15 020" 0.00 0327 -0.16"
inside the mask

Discomfort caused

by sweating inside 0.20” 0.33"7 03177 032" 0.15° 033" -041™ -0.06 027" 004 -0.02 027 025" 019" 025" 0.00 0327 -0.16"
the mask

General discomfort 0.14°  0.28"" 0.277 0297 0.15° 0317 -038" -0.03 0237 002 -002 025" 023 0.18 022" -0.04 0327 -017"
Total RPE 0.155 0277 0277 0287 015 03177 -03877 -0.04 0247 002 -003 0257 0237 0.17 022" -0.02 0307 -017"

o p<0.1 *p<0.05  **p<0.01  ***p<0.001
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