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ABSTRACT

This study aim to evaluate the most frequently used non-powered
tight-fitting air-purifying respirators with canister and N95 facemasks. The
N95 facemask which the facepiece itself is the purifying element is also used
by medical personnel. Research results have indicated the respirators are
available and in use in only 20-30% of the work phases evaluated as needing
them. Failure to use a respirator is influenced by the physiological burden
caused by such as additional respiratory resistance and dead space, by
psychological factors such as subjective discomforts, and by thermo stress
caused by the environment and respirator itself.

There were lots of researches addressing the physiological effects whilst
wearing respirators with canister. Only little research focused on N95
facemask which is associated with smaller breathing resistance when
compared with respirator with canister. However, the N95 facemask is still
need to be assessed because it may become wet and the breathing resistance
may increase after prolonged use. The subjective discomfort associated with
respirator wearing has not been studied systematically, but it is widely agreed
that user’s discomfort represents a crucial issue to interfere with the use of
respirators.

Two experiments were conducted in the present study. The study intended
to assess the physiological loads and subjective discomforts and their effects
on the wearing behaviour for non-powered tight-fitting air-purifying
respirator with canister and N95 facemask. The first experiment aimed to
evaluate and compare the physiological loads and subjective discomforts
between N95 facemask and a full-facepiece respirator. The second experiment
explored furthermore about the effects of wearing N95 facemask with or
without expiratory valve and the effects of speaking or not while wearing the

two types of N95 facemasks.
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18 medical university students (9 males and 9 females) with mean age
about 24 year olds completely participated in the two experiments. The
evaluated independent variables in the first experiment included gender (GR),
types of respirator (RT), including ball type N95 facemasks with/without
valve (BWYV, BNV), full-facepiece respirator with chemical canister or N95
filter(FWC, FWN) and work loads (WL, 45W and 85W). The explored
independent variables in the second experiments included gender, types of
respirator (ship-type N95 face mask with/without valve, SNV and SWV),
work load (45W and 85W) and task (TK, speaking or not). All independent
variables in the two experiments except gender were designed as
within-subject variables. The evaluated dependent variables for the two
experiments were identical which included working and work pulse, peak
inspiratory and expiratory resistance (PIP, PEP), respiratory frequency (RF),
temperature inside respirator (TIR), minute ventilation (VE), volume of
oxygen consumption (VO,) and subjective rating of perceived exertion (RPE)
for five categories.

Results of the first experiments showed that wearing respirators
significantly increased the working pulse and work pulse. Both of the effects
of RT on working and work pulse were not significant. The PIP and PEP
measured for the four experiment respirators were consistent with the
measured inspiratory and respiratory resistance for each respirator. The PIP
value was the highest for FWC and was the lowest for BNV. The PEP value
was the highest for FWC and was the lowest for BWV. The TIR for BNV was
the highest followed by BWV and were significantly higher than FWC and
FWN. The VE and VO, for FWC and FWN were significantly higher the
BWYV and BNV. The effects of WL on the five RPEs were all significant. As
for the effects of RT on RPE, only significantly higher RPE for the
temperature inside the respirator was reported.

The results of the second experiment showed that the effects of RT on
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working and work pulse were not significant. The PIP, PEP and TIR for SNV
were significantly higher than those for SWV. Therefore the SWV was
recommended. The effects of TK on working pulse, work pulse, PIP, PEP and
RF were significant. The working and work pulse were 3-4 beats/min higher
for the task with speaking than task without speaking. The effects of WL on
RPE were significant. The RPE score for SNV was significantly higher than
that of SWV which could be attributed to the RPE for the temperature inside
the respirator. The RPEs for the task with speaking were all significantly
higher than task without speaking. The results of RPE were consistent with

the measured physiological work load indicators.

Keywords : Respirators, Breathing resistance, Respiratory physiology, N95

facemask
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B 2-3 1 > % ;%5 ¥ (full-facepiece) B 2-4 : & ££3" (Loose-Fitting)
F 4% KR : NIOSH guide to Industrial respiratory protection®
g rERXfR

HE B hd WY AR EE EHERE L
f

2ZHE
Louhevaara® & 1984 & $ $ef v pp B #0355 & w AT 7 g o i@
SRFAARAPEPTAFELZ RFT UL L2 <8 ¢ (LR
¥] & ¥¥ex [2 4 (breathing resistance) ~

2

L s
E
HE

c¥r(dead space)t FHE AL £ F
S de2 2 LG fa o B(b)RR T F A S AP 2 L F) S (¢ 7 AR )

ZO)FIRBEPBEE AL g 2 2 #f J7 (thermo stress) » 4 B3P 4o F



221 L &3S pBEL 42 E 42 F]S

i L_ﬁ‘ioi\“ib»l‘ﬁ HELCERAD) FH AT T o 30 ()t
B /ek vf eX fE 4 (inspireator/expiratory breathing resistance) ~ (b) F]r¥ v 7 3
Ewm ¥ AL B2 eT e g 2ty (dead space)E () R L A BN A 2
MAEE o Flay RS RREF ARG E HEZ W
el 27 T Ap AT R F S e e 2 3 B 4o SCBA(Self-contained breathing
apparatus) > 2 € £3 ¥ 4216 10 1 15 27 » H B BR ARG > v 2R
EHENS rFr2E g ¥ iR HELZRE TR o

2.2.1.1 rErxfE 4

PR fe 4% eE R gk B F RN r A S R £ (Ap) S F R E R

i

e

ﬁmi“@’%RFMWW’&@iiﬁﬁimaﬁﬁéﬁ@,gﬁﬁé
BRCECERAEERL SR B AR R R A
D F R R R e o PR AR K 0 LR R OB e AR
RN L Rl AN N SR et 2 RN RN R

T NHRERE -

Frobemte e d Hag A R Y ef R E A IR T b b & DT
R UL SRR 2 Nl UL
EARPEBRFELEZ B E4 94 0.6 1 2.3 ecmH,0xsec/liter™ >
FrEwpe s AR LR E Yt d 3 BpF s ¢ 5 ef e FE(dyspnea)

EE R LU

e irig R g T EREE 2 2 WA Aed 2-1 4T o
Heus & 72 7 gaetex e 4 #4epF » TTE ¥ © ' » VO, » VCO,
VE £ BF & 2 & % :c % o Johnson % W% et e fr 4 M 4c ¢ ARG R # F



(hyperventilateion)2_ 3. % » TTE & % * ' » ¥ 5§ F g F R i<2. VE &
VO, > Sulotto % ' 2 &7 4 At e e fe 4 H 4 pF o BF ~ VE~ VO, ~ VCO; ~
VO € B F % > HR Pl &8 ¥ e % > Jetté & 'V 2777 715 vt oz vt
e A LB o Fptet e e d H e pF > & 32 TTE ~ VOou 22 HR %35
AMELE »Lerman & P2 AT F ML 4 B 4 pF o TTE » HR 2
Vr % sPIPRI & + = -

BORER NS A B e B AT X R d

BR2 A EL S 0 DA B e S s PG i

. v -~ ., S > 5% = v . ’ S ;g‘
resistance) = A o PF g PEd AP E L SR B M4 2 e g R BH

i b AT 0 ERAPMAT Y P R e e 4 ] 5031 84.7
emH,0 sl™") (%£2-2) > H ¢ Heus'”# Johnson® % < 725 % g # scig 2 2 F
HA o i Thirg 255 B4 B & Sulotto"” » Jetté"V ¥ Lerman'®
FAZEy iEY 22 25 B~ Huog 4 2037146

cmH,Oxsec/liter & o



% 2-1

D3RR R R A Arid S A

SRR Y 2 4 g i

2 3f it T_E P
BVO;: ¥ 5 42 (Oxxygen dp X MES AT 508 E 25 ml/mine & ¥ F %
Consumption) RIBrE A T4 G g R R LR E Gtk f £ E
Feprenff B3 AT B R ERY LEHF RN
BVOuma ! et § F V48 Bl dm o A HERT § R R B
3]

(Maximal Oxygen Production)

mvVCO, @ =
(Carbon Dioxide Production)

mVE
Ventilation)

mHR @ 1 % pF . g (working
pulse)

mWP : 1 %< B (work pulse)

F PRAZE

A F & (Minute

mBF @ = wx #f 5  (Breathing
Frequency)

mPIP: = § /& 4 (Peak Inspiratory
Pressure)

WPEP:«t 5 /& 4 (Peak Expiratory
Pressure)

mPIP/PEP @ »¥ e pF ¥ N 2§

)

~ JR 4 (Peak Inspiratory /
Expiratory Pressure)

m Dead space : # 2V

BmRE @ #* & F & (Respiratory
Equivalent)

mTTE @ T3 pF & ( Time to
Exhaustion)

mEQ, ! i § % £ (Ventilatory
Equivalent)

B Vr 7§ F i (Tidal Volume)
mSO, : # "% & R 7§ &

(Arterial Oxygen Stauration)

F A ﬂgﬁ%ﬁ’ﬁaﬁmmmo—&@%
Bt Ly ¥

¥ % 4.6ml/min °
BAMEBEE S BAL - F g

ml/min -

\F‘

b

¥ =3

=+ LgmrtGoang WEME 0 -5 ml/min e
EHRGFEEF oS > =5 BPM -

FlE T TR R g > B FRFO RS R

B?;‘:uﬁ_—:[‘q'l"ﬁ i RPN 2O H Iif‘; BPM -
ek g > H i =/min -
Gog v EpeBRA4 5 H =i mmH0 -

iggrgp\ﬁﬂQJ » ¥ = 4 mmH,0 -

\::1’\:},]5]3‘?3:_ P\ 1&—" @J o

AP A Bl N R F LD
B oo
THd VO, 2 VCO, 2t 5 #9718 o 238 5 VCOy/VO; -

PP CENCR RS PR AL R
WY iR R R
d/ﬂxé’sf. ;;/ﬁ%i‘ﬂa,l.gw_r/ﬂ,g
EQ,=VE/VO,

g ‘ﬁ ?fﬁ

FU* E o~ N 2 .

SR RO E TR~ P 9§

Xt ZhiEon N ki ar i ¢ 2Eim o Nk B

E-D
e

N
4
>
3

7%'“} -

ERERRES L

Ny
ey
ek

Ay Y
Vg

s
v

E
[
s

g
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222 M ELRFT T 2 FRhiE2

PR~ FE 4 o XA
FoTEL 7 Reference
(cmH,0 s ™) g/ E (KR
2.45 - 84.7" Maximum 9 =54 3249.5 Heus % > 2004
performance test
0.78 — 7.64 80to 85% ofmax 6% 6% 252449 Johnson % > 1999
VO, to voluntary
stop
4.2° Progressive 30 = 9 1+ 25(23-46) Sulotto % - 1993

exercise to 90%

max heart rate

2.49 — 3.44° Treadmill testto 12 = F |+ 2343 Jetté & > 1990
exhaustion
03-46 80% max VO, 20 i+ 19 Lerman % - 1983

a BcPpGiEH Y > 024 1 83kPas I lkpa =10.2 cmH,0
b d = /,%a‘%. 2 Bt & 971 (35 mmH,0 at 50 1/min)
c ¥y LY 0 0.13 3 0.18 kPaat 32 /min

FAL KR AR

Bently'V2_ £ 3 ¢ 4] * 1@ 4 1% B¥ 38 (psycholophysical category scale)
kv RAEpHRE IR g2 Mgl By R laR- i SN S
BHEZ A FILERXD g e EpRA PIP 2 5 FiERE

-~

PIP #4** 17cmH,0 P > 90%1¢ * % 7 § B % 11 L7 if -

;2> ® » NIOSH (The National Institute for Occupational Safety

and Health)® e e 3 £ & chpe 4 4 #7132 > 407 4 2.5 - NIOSH # #.if

T

#araid NP Rz v ¥ o HY af prenfe 4 smenfiet § keng 0 o8

4

5 ARG AR P BRI BRI F R GRS 4 f T

11



Py

TR PR | T RS §

i;/ﬁ;

-n\.

"
DA FRITER A S B F et L 2 f e

% 2-3:NIOSH # % NP Rz v E2 s f 8ubf fd %

P % [ 4 (Inhalation resistance) 35 mmH,O
ek § F2 4 (exhalation resistance) 25 mmH,0

Flow rate: 85+2 L/min

S 7‘;1 ’b
2.2.1.2 & 3¢

S B i R (X ] s
B e ALY R 2 f WA
AR B BN 4 RN G R RN T A hF A
B f YT R R § CRER d R s f B A
EAVER F RMIRE o I FORR § FlEonipe B kRS § LR
R R F R CF CRERRA 0 A BEAH

3+,

LiER A R RS R p N PR

o
H\
=
¥

® @ et FEL 1 (7 end
’&l'ﬁiﬁf’: ﬁoi\- IVE- Vs BIEARL e R4 4 —ﬁ iﬁg’ﬁ AEF ~ e
RREEFE'!&Z‘{E:E y e 7 HR %"K,zn\ E\h]] 2 %El—(@ 16)

222 FefivE b L g A 2 o LR

Morgan % 1983° & (7 194 fe U ed w3 3 5 B e T8 B9 A7 38 (7 30w 2
wAE c AR g dp iRy MR s iRl 2 4 7 i (subjective

discomfort)#: £ s stz By e BT AR 7 5k L pe it e fp 2 B pF

12



Z_O B R ¥ —‘F*fiﬁi"ai“ Tl MELEE - a R ELE
24 AR PR H 2 W 4w I T (Psychological charactistics) # &
B i R ¢ FE % b [ (extroversion) ~ A S (neuroticism )

J& (anxiety)? & # (depression) 752 58 -

3]

FERFEL Y o F CRRRS R R TR i

- HPEF I, FL o F PR E R s 2 BT EER 7 LR gD

2] S
——’QF?"‘% ’%{E#/ééﬁj; Lw\/éﬁiﬂ%f’ gl‘ég‘Lzliaﬂ.ﬁ'ﬁ‘i* 4
J& (hypercapnia) B F A REY o B g SR g 0 TR
FERERSA R ERE LB LTIE BT - F LR AL £ H

ARERESPLE ORIREN 2R M H B R e LR IT

2 = (19
3 {7 4 °

Khanzadeh % ®? 4 4.1995% #4144 2B ERP B 1581 B A E
L2 i ERAAE e TR BERE S X 28 SR CEPA IR
EORFER  FRARR S, SV EY R R R GRS
PUEAFALRIIA o ot G2 2 &y A 5 53%
(m=47)> G573 PR P REF o A LTFEEH (2 FEEVEFREH
ek ) P AZB10% 0 Fla ERI AR R FERA SR EL o
¥ ¢t Khanzadehta 3 B 1 7 ER{ AR FFT R G 4 & & ~ 34 gptind

T~ A dFgagEd 2 h o

\u

P& TEEFRHREELAFRL 2
2.3.1 Bl R E

R LES R EDE FITE o A FREHET LR =



A EELITE FenRE S 2 (158 B(treadmill) - (2)%rih & plst B
(cycle ergometer) » (3P H-ip1%kC) o H P ¥4k * kA IR pEL §

TR E o AR B E B RIS BieA A N5 A -

%ﬁ%1W$%%{&iﬁi&£anﬁ’a@ﬁwwéﬁﬁm’
AR b AR FTERF U AHTH A LR > REH S
BEFEFTOEA PO R > VIR LT o BB VR S E
5 OREE X RIS RIE > W e R R[S+ (submaximal) £ . < (maximal)
B 2 ke npl® o AR A i s ds o T
LTS SRUEIE RN T S SETh A S A R o
¥ X RIPEY R ﬁfﬁﬁﬁ\wﬁ%ﬁ#ﬁw@&ﬁﬁ%%ﬂﬁ’f

K E AESEARY A ©p R (blhes &) o

;JL' = /F‘ l% = /PJ

¥
N
¥

YriS @ R BEOREC 2 AR TAH R (¥ 5 1) £ H
TRRE i E o EDATE B AT o MBS D RIH s A Y H R E L R
B fdEpe
AOERE T R BRAEL R § 5 ERE OV R e Rl
PR FEFEELR PR A TR > pERSTEHBe T 0 B
P REE > DEES RGP w2 T EAEL R (Bl

BY) AR S i@ b oo X plY LBREAE D P BRI Y R

s T IR EEE T R B R 1F § A e B e

B oK 250-60rpm®t 2 o @ i@ % urRg B plw sk BE A > E 2 ALY
FR* @1 LEE > RF 5 FG RIMavvp 3 o oa it FEh SR

LA Fla g A i@
232 TR E FRTEERCZ

AP ERPERE TR SR WD PlH R YD f T BRI
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)
—

o

PP s iz (DExF F et 4 (Max VORI QA EE J
FE P QBN [T TR R R AT

—_

(1) Bxf Fefmicd D PSRRI pF k25 £ ¥ Ll 2
f_;',‘ 7%—”&?&$a(?14)imi_\_§r’§/!algv ﬁ)&/?l"%lz ’E‘Qg"é‘/—’—,_i,ﬂ::
i R Wﬁm—ﬂf—’z@ﬁbﬁﬁﬁﬂ@ﬁwa-

Rl R G R TR
.,

\V‘b
?“
p
3\
<
S
=
=
fim
b
A=
*‘*t
ey
Il

(2) FTfam (TF T d YrEfd ple 3R U R f A7 E 0 4 30%2 50%
MAX VO2 - ftfzt#g% ;Eujﬁﬁ % 2. Max VO2 4 5 Watt & > £ pIp*
7 s A r?s £ TTE® -

(3) W AT P ARG f AR IEE e R TR mnEs e LYK
T Bt B £80-85% Max VO2- 511D
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S
At
!
~=h
[u—
02e]
e
A
+%
%
[
\\\?{r
P
¥g
i~
Rt
O
T
et
T
>
|k
i
%
e
2
e
(U'S)
o

R BB ARRLE PR e R A AR L 0 2 R R
%o BB AT §RE LR F AR R TRLRIY
RE(CHE- )BT E Lo

R
&
a
)
=k
B

LR BEREFAEBA AT R ) B LFHEL AT

-l R Uﬂ,iﬁj‘a:{% IV SR

e R HmE WIS METREIMFEE > LR
2 At E oA RBF L PR Rl MIAEERR I FHEL A
FohF s I BT N
% 3-1: I ,gl_\ * F Hc(n=18, mean+SD)
7L (n=9) 2 (n=9) 5% & (n=18)
£ () 240+1.5 246+1.3 241+1.6
£ % (cm) 171.1+£4.7 163.3+£6.3 168.3 + 8.1
£ (kg) 71.1+4.7 64.0 £ 15.7 67.9+13.1
£ ;‘r}@_#ﬂ gt(kg/m ) 23.5+2.2 21.7+2.8 23.9+4.0
5.4 42§ £ (L/min) 24+04 23+04 24+04
i+ & < B (BPM) 72.3+11.9 77.0 + 133 74.7+12.5
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Fo8 FHRAFKS

E
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N

321 e pEL

AN LA BRHKR A%h- LRI ANt pEE 4 ®
R s F ek ek PR 2 32 NOS TR R T & S NOS Al &

Mok~ 2H06 E 47 NOS b4 @ 2 555 F 57 5 R4 @ 4o
® 3-1() % (d) -

BYAINOST g 23MA P A A o NOSH A &R T K ARG

3M™ 8210 NOS$2 3 sV 7 B v ¥ » B & iz f 4 5 120ml; NOS3: 4] § R v

AN A3M™Y 8511 NOS##l N Aev & > H msnipdiff 5 120ml o > §

FeEB L 054 ™2 L BRLEY AMSAS R4 A 2Fe G

_‘_l_'

|

i

&

UG B (g4#) > A %.Comfo Elite > # & V2R84 5 800ml « i 5 5 4

"

ETINS
Q

MA 5 # > 350 815355 N9S/p 4 ™ 2 A5 : 818346 -

NOS A r B3 M2 ERAHFTHEPA WA - Flav Lk gy 3
- o nEHSL A e B EREEOR T AL 5B NS T E 1
AT R R AR > AR TR FIRER A AT | ok
Blig e 2R N GuE s A w R NOS Jhd ™ 7 (L o5 3 4 5 B
F 57 2 NOS v B okt fie o

FHR-ABRP NIRRT RARZ 7 AR FTERHATL 2R
oS ERMT o ERE-RNS AT REER L2k

ol 32@E (b) FHBF v ERA- R BT EEL R i
NOS = ¥ » F]pt & B NOS 4,31 @ v § #7 & ¥ chig »Op 355 220ml -

AT Y ONIS A& R ¢ ¥ i £ 5 BNV(Ball type without valve) -

17



NO5 3|5 ® v ¥ f#§ # BWV(Ball type with valve) > 2> ¥ 3% 6 ¥ #fiz NOS
Ja+ ™ ij 5 FWN(Full-facepiece with N95 filter) » > ¥ 3% & ¥ e it §
Ja& # fi§ # 5 FWC(Full-facepiece with chemical canister) » N95 4 3] & i
g 1 #- SNV(Ship type without valve)'N95 4 35 & © & i # SWV(Ship

type with valve) » . % el & @ -0 f§ fLAE T o

(c) (d)

B 3-1: (a) N95 73] @ i = % (BNV)»(b)N95 %3] 4 % v ¥ (BWV):(c) »
¥R K 457 NOSJRE @ (FWN) o (d) 2§ 6 § #7 £44 #(FWC)

18



(b)
B 3-2: (a) N95 454 & B © § (SNV) > (b) N95 45414 R © § (SWV)

322 x4 R A RES Hp S

AP L R Ees L85 ADInstruments 2 7GR ] I) Ak 3t
2.4 1B 8347 B (Power Lab System) » 4o ] 3-3 #77 » ik B3R Tegr ik
M RNT 5 F ) 1000 £ fchy o 0t 3 e A F A& TR R 2 ¢ fadicdy

k- A o

%'EF R 47300 o B g % *’ﬁ ’Eﬁ'l"\*’%‘i:j\l”\*fr(}g] 3-4)

‘1\-\
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%@ﬁ%%ﬁwhkiﬁ:héWﬁem%o%%gﬁﬁaﬁwﬁm%ﬁhimﬁ@wg

FFEFURTER FMATRE S F LARDERERTLL 10%
FI 2 F A cho § PR RACE 10% > Qa2 SR E D ER AR
3+ (spirometry)*T & B ¥ = % L/s > ¥ £ @|<0d= F 5 1000L/s -

et gt SR AP EpER B B FTRE - &
REH> A A ghfer 2 - B EAEIREF M - SFF~F 1 %
FER S 2093% 0 - §F CRER S 0.03%; F- FAM S EERDT FHA
R FM o FFERL 1608% - §F LRUER L 4.12% - K PRk
LGRS BRI FHEAFFFEER L ERFOTRE > D
WA EOT REE > TR APIFRG AR R LT I L
LA HAITRARDT P BB LM f WD BN F P
BWLFFEA-FMREREFAMBAL PR A4 -

Sl

FRAAT N AR ek N T R R FHREF

(Mixchanber)® > £ d FRR & FP REBF I FHAITRY 247 &
ﬁa@ﬁﬂ’mzfﬂgﬁﬁ?’f‘ﬁﬁ“m% LACE I
AR BRI RAE FORA UREERE

3.2.3 X T grpk @

NE WL TR fm2 B3 3 G Lode BIV.2 @ %74 & 2. & Fp|#b ur
i @ Lode Corival Ergometer V2 » 4-B|3-5%77 » H& A7 1N f fm2 £ ¥ &
160kg ; 124 #1827 ¢ 0-999 W (X 45) » HFEAR 100 Wit T -] 323 W »
100-500W p& /- 3+ 3% » < 3500 WP | 35% 5 BifF @& 7 d 0-180
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rpm(f) o F B R [ 2025 rpmpF o (24 M- G R S K #1230 rpm
(VRN = 1% terP;mepfzotjmJg;'ﬂu&;“:r I pF endE g R K TN

F'ELJ(E;}'%&),F'E_J‘:‘ £m1 ‘\4 :Eﬁj %f’f,—,;\i%%tho

Bl 3-5 ¢ pl# %rEs & (ergometry)

324 pefier R E LT RRE

ARG EREL T ELFL L o ES TR 2 NG &
23MF R2ZNOST § p 7 M 4% 8 57 (B]3-6 ~ 3-7) o o F S B 4o i 4%

FAZI2ENAFEENSTRe B2 Mg R 2% #MERuB e
WE R A R e 2 F R e

a5
Ford o BY 2R NG EFZ R 2RPRE S FRATRIF LAY ETS
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B36: 2575 Y@y B 3-7:N95 v § e

325ECG @ g B> 2

kAT 3 £t ECG Bl Cp HAeR L4 2L Y Bjoopr §
oo TARRAE SN NI E T A S REE AR 38)F M (1) REARTE
LY Ph A 2 L AR LYREZ B 5 B Akl TR R
LAl R THRE R B F OSBRI P B S (2) AT
Wb P RE 2 T P2 F 249 s LB T2 R S
e 2@ A it itk +FEgFT32RITEREIE A FRL
MM AR F AP T YRS s (Fh A mtugﬁ;%&,ym
S FIE THRRE R ATARREIR AR D § g S 21 H > TPt g S en T
Bhol o FEBYRES S PF TS > REFFIEEN A B
& Wedh o P ERFIEE o

SR RIPEUBLA R G 4 R e < F(RI3-9)0 R T B R
Bl 5 10mV > & Mk 4 9 5 3HzZ 500Hz » ¥ 3% % A 60Hzi:e 5 © 7 1&
PhB ARRE S ) KB RT S A BT 0 AARREZ T § L AT AR

FeoPUEPE R R R 0 AR AR G b g > LR R il o i3
=~ & B FA -
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B 3-9 : ECG #& e~ &

B 3-8 I g E T iRpLY 2R

L kR © Internet

326 3 FHEENRS BE S E

AR ST PIERIEA B hig B 5 Validyne Engineering &
\'—' ‘1 /FJ :‘Ei I;;i”

z_ & 4 & 4% % (Pressure Transducer) (VAL-P55D-IN232S4A)> 4

B4 # R 5 £140mmH0 o FL R 5 £0.25% 0 ¥ OB R4 T 4 T

W sELTRANE m’l;}% Bl G K E G 200mV o F Bk iE AR Y
FREBL L STRREOEE  BRTINP LB BERER AL R
BR F] oo B ;«:mcl F B4 S E ’“}*;f?@" & 15 B > é—w‘—/”\ﬁ&%

7L

PE Mg 2L D

Bl B et - RAapEL(f NS T EE 2

Gy )eha b3 NOS G £ Rl ke it (NS kit) ] 2 - i $23 (4c )

Eﬁﬁ?iﬁ@uﬁigiQQ&““@Jﬁﬁ$7 Uis

CENRA ZE o g LR REURS (R 3-12)1

B EREARS L - B EE

3-11) » £ i *
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B 3-10 © & 4 f k3t Bl 3-11: B4 @Rl 8

Bl 3-12 : -K 4R 4 2+ @] 3-13 : Nasal Temperature Probe

327 ¥ EENERER

*F % ¢ * Nasal Temperature Probe(H] 3-13) %k W p|efex 222 E N e
BR AT G RIE R R S 0CT 50T 2GR R T0C 1T 9

24



%35 4% ¥ % 3-1 5 Nasal Temperature Probe &% F i B % B PN 08 & £ o

% 3-2 : Nasal Temperature Probe %7 FE R & F2 B R 4

R R(C) R A(EC)
0~20 0.20
20~35 0.15
35~39 0.10
39~45 0.15
45~50 0.20

BRSBTS R AEA ek o PR ~ Nasal
Temperature Probe %2 -K 408 R 25 o FH R 28 R AR T8 0 g0t id B
R REZ B2 REER > BFY B EREE O REEIPFER o R
B E MR R R 2 E 0 §_%- Nasal Temperature Probe #c % A ¢ ¥ p 3L
Tr o UHEERC ERPESER LY B Rd 2 B

R 42 e & b o
328 R PBELRF B F 14 ERR G

EREBGELFIMET AR FIP LG A Bt sfEd om MNF G

B iEg re Rl A et R HOR RIS R R ]t
BA R RS EL > A RS Rk f iR Ed o DR
Fook { EITF R TR A BRI T B A I A
FELRF 0 BR - L 2 eS sif ROL(] 3-14) 0 R S R i i
Bl - T ARG B MR 2 e RIR(R] 3-15) 0 AR &R TR

25



* 2 % i 5 HITAH #t@lig » &~ i & 7 i 200L/min - £ 5d 78 & #5241 )%
PrAIB R F AR F 2B Al TR R RS 6 R 0 T

PV EEZ &SR 5 180L/min o

B 3-14 : BA SFHES R E 2 L5 G B
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329 wreAF K E R

MEF EPIFSARF D S d AR iE‘J‘F]T PP R A 2 A R 4E
oo F]w BEed e chwd o2 RR 4 ;;g#fv,\sf. ek § 0 T B g B - X
rEg e A5 5 - B o A 4epF @ * Chart S #5088 kK A 4reE R 4 2
TRV R Y TN E a7 BRI FR TR i

HH i+ % cycle/min o

3210 F%T¥ER 28 FRE

@awwsr3¢§&%%ﬂ@%%$@$’ﬁﬂaﬁﬂ&ﬁ’ip
Sk (T ¥ f FehA ) ARRER A B 1 iFeng dF ko 2o Hui® & 2001
ELHER ARG AR Es B 5 BREEAR AR 71 (TR

Bl B TR E o B 60 beat/min | 130 beat/min 4 ¢ ¥ F (% 3-3) >

é*‘i

You gt 110 beat/min T F o A & JEF 2 F T E A v pd 110
beat/min 2 } ¥ {,{‘»\iéﬂy\@’f}%&f—ﬁj&'g‘)ﬁv T, T AF %L g
# 110 %%‘J/’v\éﬁ)ﬁi PRBIE e

it B s F BOdpMAT T ¢ 3 4 0 0 19954 Astrand 2 7 3
3K 2 0 s B¢ e 90-110 beat/min 2. FFpF > 4£% € € 4% 0.5-1.0 L/min 2 & >
A o gl fo 110-130 beat/min 2. B pF > 42§ £ ¢ 43 1.0-1.5 L/min 2
CVodrd 34 F ARG SM-F rent R TLIERL FETEL 075

L'min-> ¥ B jm4% £ 5 1.25 L/min o @ B >>%rgh 8 plsd 2t f jr % /] 18

EFRM AT R L | T 2T Bl S - L
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# 3-3 1 Result of HR and corresponding RPE score during various nursing

duties (n=21)

Nursing duties Heart rate(beats/min)*
Turning of patients 128+ 7.4

Solo transfer 129+ 10.9
Showering 127 +11.1
Shared transfer 118 +17.1
Changing pads and bed sheets 95+13.6
Paper work 79 £10.2
Feeding 80 + 8.1

*Values given are means+standard deviations.

FH %k : Hui, 2001%
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% 3-4 : Prolonged physical work classified as to severity of workload and to

cardiovascular response

Workload Oxygen uptake (L - min™) Heart rate (beat + min™)
Light work up to 0.5 up to 90
Moderate work 0.5-1.0 90-110
Heavy work 1.0-1.5 110-130
Very Heavy work 1.5-2.0 130-150
Extremely heavy work over 2.0 150-170

FAL %k ¢ Astrand, 2003%Y

# 3-5 ¢ Oxygen uptake as related to work rate

Work rate Oxygen uptake
w kpm - min” (L - min™)
50 300 0.9
100 600 1.5
150 900 2.1
200 1200 2.8
250 1500 3.5
300 1800 4.2
350 2100 5.0
400 2400 5.7

FOoR & iR @ Astrand, 2003%

3211 M pBEE §iFicE2 I RAFREE

AR Y AR E A B Lerman'V % = T Rk
o % FRFTRpEEPFTE LI 27 i (Rate of Receptual
Exortion) > & %] & fe gl e 7 B {8 ek § NFELATR X f OF|ERARR -

M BEEINERENNTESFHEE - RE TR HEE G £)HATIT
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He
e 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 1 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
35 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 D 8 10 13 15 18 20 23
4.5 110 138 165 193 220 248 275 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
5.5 130 163 195 228 260 293 325 3 7 10 13 16 20 23 26 29
6 140 175 210 245 280 315 350 4 7 11 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
7.5 170 213 255 298 340 383 425 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
8.5 190 238 285 333 380 428 475 B 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
9.5 210 263 315 368 420 473 525 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
10.5 230 288 345 403 460 518 575 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

AL KR e Heus'!” test protocol
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R 43 6.7 7.6 10.4 8.4 13.6 15.2 21.3
(mmH,0) . . . . : ' . .
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