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Comparison of Psychophysical Maximum Acceptable Weight of Load
for Different Frequencies of Manual Materials Handling Tasks

ABSTRACT

The objective of this study was to make comparison of the psychophysical MAWLs for different
manual materials handling tasks, Lifting activities with four different lifting frequencies (2, 5, 8, 11
lifts/min) for one lifting range from floor to 76cm height were studied. The oxygen consumption
rate and heart rate were measured or recorded while subjects were lifting their MAWLs.

Psychophysical MAWL decreased from 22.38 kg to 748 kg, while the oxygen consumption rate
with the MAWL increased from 717.8 ml/min to 1114.7 ml/min as the frequency increased from 2 to
11 Lifts/min. Heart rate also increased from 1045 to 120.7 bpm. It was found that the relationship
between MAWL and frequency can be described best by the exponential function with the R-sq
value 0.9865 for this study. The percent ratio of oxXygen consumption rate with the MAWL and
PWC ranged from 28% to 43%.

A The MAWLs were 2.2 to 7.5 times of the weight of AL and 3.3 to 6.5 times of the weight of
RWL according to the lifting frequencies. However, the MAWLs were lower than or equal to the
MPLs for the frequencies lower than 8 lifts/min.  From this fact it seems that the MAWLs by
psychophysical approach tend to be overestimated from the viewpoint of the physiological criterion

of the oxygen consumption rates for the NIOSH limits, AL and RWL.

Ad HHHGe AAu o B8} o] ol B AAAEel A A A4S FaAA RS
THASEAR, MR fHAEEE el Aoz uA Az, EF(EF), Aojo] MEZRE Ux}x)
g °ols, Fae] 23 #Bests 59 49® 844 ¥ (Physical Exertion)S 83t AHEAHF
(Manual Materials Handling Tasks)o] ©}&u] 4 Y F 1320 Aoz FAHAY. o)z 3 MMH
el At oAl AY HAHE A HA= g go T e v, HF EASZS Huw
MMH=Y o2 3k &2 74 (Musculoskeletal System)9] H 7 (Injury)S ¥4 A&7 AA 2 @A
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As e 5200 Date, ol wel uld sMwE e YAt xBHE FAFL, A F 1,000 229}
v &5 ,%Eﬁﬁ}" vty wwstdth Seuere] A9 19929 ~1994d Abele) AR A S o
By B3 o4, Fn SoA B At 036%REE AT Ao= vebsteh, skARE A2 9
A% AA ?JE%‘%X}-’H:LC’“ qe Ases B 5 AW 2721% 3£ Asist A e TS
oF 30% AR} ol E AHEAH T Q& B g Ao eGP S, 1996).
AQiAbE] o] wete] wal Be HobolM Fart ofFoiAm AR, [ dHeR P A= F
o] W& o] AgiAe #aelrt. ¥ EA}3 F(Manual Materials Handling: MMH)&o = oi&] 2
of Wt aEAS Bz, 222238, F4 94 (Cumulative Trauma Disorders)s &< 2% A
o] BAlE T Aok, MMHAG glol zbgatal e 47bx A7 dyel HexHxn A A,
qore] WAy EAL AFsts FEM 9L k(Epidemiological Approach). &, Aol
= N9 AARAF A A A RS vxE § EHEN %Y (Physiological Approach). A
23], @23 L5/SDd #7t5E 4% % (Compressive Force), &% # (Shear Force) &9 1A
o] §st= é%ﬁﬁﬁﬁﬂ’] W19 5% (Biomechanical Approach)¥t whxuto 2 Fo)xl #¢] 28kl A
g9 &9 g HAgEwe AA o, APHee] W AP Fike] Z A AdA
"6“"3,% A Zbelis AFELEREE) B %251k (Psychophysical Approach)e] S
gt AFure Fate] MMHAS 76 W ks FgrEel AR A, A4 2V
Bopy Zhzte) EQoz Az An Aue wil 2 APy AAS e A g7 &
2 AAAEE 7N E FaEgs zagtons 2EAA YA 2EALIS WIS
gragro @ AQAAE & ww, ALt v)EdM e 01&?47] AAA MEFE 59 Rk A
AgAt iR gAES 2aA7)E wgos A AYAAE vk AAAATA TIEAINE 2}
a7} BFolA AP FPzAT Dol wel dA Age A FYATE == A A7
Frde st RaEds wxd wE 2IAAE nEete AgAd ded v kA gk
AuEAHRY AQHAI o)BolAm Yuk. AFE SR =HG Ao w e JHEAAAC it
A BYAEY R AYe od AT RdeaH dAFYRFT L AXNHY) A AdTHE
oatadol wty. MMHZAol A Asdae AAdss Aesa, aAgdgery gyl o %
qud Bgozs FUME on o4 FF(Maximum Acceptable Weight of Load, MAWL)
Og ATME (] BA 8] 291, 1996)9 FF o] A HPTHPWO W AR(HAT 230
s} QAw obAE mEE Aoty AAEtH, Aee, AN APl W 7IEA L2
m= NIOSHO 712¢ 24 @lo] 2oz Abgsta olE AAolrhel#A, Bhal, 1995 ol@4 9 22,
1995). B AFolME Ul 7HA aFuyEe s agiwes drdyen AAs A2 AQY 7
gl= @A Z2e uZe NIOSH Guideline®) A% %a n@ate], $ejvhet Aqeld FAd RIe!
e AAsEd 7|2ARE AN Fazt AT
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2.8 &
AMARA AFWRE 7 Aol HYe AT glold AAH AF(2FY FF - o)l A
7h9] A17}A % (perceived exertion)oll wel AXA A @A Yrkedl 7]1xskA e P i

20 MMHRAGA O Zlaizoltt AYNEs Azgwd e} zdss Pyolth FAdA7 79
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3 %= #B<F(Overheated), A& AU, W Z(Strain)dl XA FowA ¥ ¥ (Discomfort)e]
o] A&HA e E AR Ay 4 gu= dAgAIe] NPBReE AA F HAEHoz HAAN
THEE Tl AIdxANM) H o8] 22 % (Maximum Acceptable Weight of Load, MAWL)o] g}
o AHF B0 UL YA E R A A Azt A2 Bo] 87l A
Z2te) golge)rl #YL Hssle otde Houme 248717t g, Ayoubd} Mital(1989)&

o BI7IE AN QM E Qe e wmy Yasn AEsta] A5G ¢+ U}

el Aodwe Agxe A PrgEs oo weh Az e AIAAAL oL 2] &5 g
AR AR AYvA oo wE gAY N e a2 AAstna s Aok Y
ARG A e FPste 5O Qestd wais AA o)A LARTGE AMdo) YJzetd, doz A
Bt W 240 FHAE 9 99 ARl A Ry 2EHE $EE 4 5 UoE =78
HET AAdd Howyde) 2R Ady Fgsde one e AASE Ao, BB Zo
27 A W s)Fom Assmay Vo,' oxygen consumption rate), 4°38% <4 (HR: heart

rate) & AR & Utk Snook? Irvine(1969)e) uf=m B4 AT Az B AGE AL e

A AdeH e 33%, AW olAbl x| 22§ Skeal/minsH 110~115bpm¢] AAEFEFE Wz gz

TR BEH AYwAZSAo] glojy ojmAH Hix A%, AdEEs, MrangSo) A9

A WAA #A oied 39l Z9e Alzad dAAZEe] A & kAY A= 2}

Aol Fotstdl Wl Y= Anzge ZrsA "o

2Zhe) A e v Bu A sFol MEZE v @ S0l ggr] Yo uls)
AAGEH At & 7)FEo] Ax4le s A7yl g HulsLFFMAWL)EY o

& bk En MESSL W 9o o YA MRSy} mo BA5de o F3A4 AANHR Qo
1 s (Karwowski 1982, Kim 1990).

1981 w1=r¢] NIOSHel M= MMHA 9 etdats e AAs7] 9ato AL(F A MPL(H o
HEAAE At ATh. AL(BFFA)S o4 75%9 9990 m= gde] 98 £ e FFolm,
MPL(HH S &)L GA 25%9} oA 1% 5te] o} Ao Abatso) o €8 ¥ e FZon
3u e AL(FE&A)olth. NIOSHE 147t &£& 7z E°l& ¥ =(occasional lifting) A% oA 65
keal/min®t 24 Okcal/min& W2 93, AA 8A7F 2] glo)Al A GIAL A 2] & 3 5keal/min 2}
S.0kcal/ming FM3t A},

& AT E AABAHFA AN Apuy o) °]¥ H )5 &% F(Maximum Acceptable
Weight of Load: MAWL)# 1= NIOSH Guideline AL, MPL, RWL9 ¥4 ¢ st53 w w3,
HA 3 &FFMAWL)Y wag Arirmas SAst gty 2<% (Physical Work Capacity:
PWO# wlaste 2y gyt xist A4 8222 MMH)A AAFE A&y gu, 449 5
H(Hazard)& 7HbA) ot bdd Ader 4Qe a7 9o 7z Al dazp g
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2.1 49 Ax 2 3y

2191 8 (Bicycle Ergometer, Treadmil)el we} =<9 A4 2 58 (PWO)H A4l g gl
3 HASL£FFMAWL)S st AN ERE(Manual Materials Handling) Al £EES A3
2 %3, Hio faEHazard)® 7Hex ¥ £E2AF S AASEd 712E AL sF At

B QAT AL 4877 T A tAE =4 7] (Metabolic Measurement System),
A AutES =4 7](Heart Rate Monitor), Ergometer, Treadmill, 2t 2 ZH(Container) - 2 ol (Lifting
Table), 91323 7](Anthropometric Measurements Set)s 22 g, oduA A SFAAXE 1
2 SensorMedicsAt A1A oA} oy x] diatg AFE &4 2W(The 2900 Metabolic Measurement
Cart System ModeDo] Ab&EIQITh Aldate4 £471e ) 5%, 16%, 30 GHE EHo] sd
POLAR VANTAGE XL Heart Rate Monitor(Model # 145900)7} A& %It Ergometer= 0} = 9
SensorMedicsA}  Ergoline SMC Ergo-metrics 800S Ergometer= MMC$ |35 AFo=
Workload® 22% % itk Tradmill® MARQUETTE 20000] AH&=dth Eof &7 Add 4
FHde njZAEse HEE P& 2N A duRoer ot 4AE AP U= 7}
2 457%m X AZ 3048cm X ¥o] 3048cmel X, FW WAL Fo|F A&she ARt FoldA
g g, #3e sty 9EA Agoad, wdoe, 59 BRAHE des) FAE AL
Wi &3 &3 2Eo] 2 E(Styrofoam) OB FAL) FAe] g Fgo] LEE FHATh APdE vt
2150cm X Al E80cm X Eol76cm FK(Floor to Knuckle: 0~76cm)AHg ek AdaHd@2H e <
A =R 9ste] mey AMZAr| 7 ALHAT YD HEA2E FAQR, AFH AATA
o wak aAdAelA Alelstz, QA=A (Anthropometry)S AT AP FEH} 2EHE
Aee T e yAgE Bu {3 we Bicycle Ergometer®} Treadmillg A &3tATh E°1&
7199 A% So1&elr] WAO-T6ecm)ol wE HFFTAXAZLE /MR, e HNEANRE =2
MEE F357) 98kd 2 5 8 11819 ¥Eg Adsgith. MMHA A48 A 258 23T E
3z sgon, JAPAE $LEEY ALY L5 Agstm, FAF ue, FojEo] YL np& ¥ o]
zo uge FgxAoz stk MMC-olUx dag ZA7]d] phe-2vzd did AE&HE 71532,
27tolo] ¥ 2273} Heart Rate Monitordl A%3E2 dglon, S0 &2 vH# dA A4
AL = AR} 2L o] &Y AAXVIR 2FI S A

A7 Ene AA AR 63 FHAS AF AF, A B4 mstd AAFA 1940
A o5AE BT AR 203(FFWA 1.86), A Hd 2AFL 17276cm (EFEHAF 635) olA S
o PF AFL 6883kg (EFHWA 11.70) ol

AAGA7 Ao 8] So] 28 4 A= Hol A 0L FF(One time max)E F
Qa7 QS & FHoZE 2HY F ) WEd FEF ANNAE T 5 A 2A A A
gt} Bicycle Ergometerst Treadmill®) A3e) 3t 2¢)% @ (Physical Work Capacity: PWC)2 5743t
sel 9 HARAE 1580144 Hors oAbl galAl & AAE AR dFE FEAA F4
A7) 3, old FAA AFUEH(RHR)S Ar2RFE S A=A A5 HPWOE
Bicycle Ergometerst Treadmill®] #¢]-#3 22 Submaximal test protocol(Kim, 1990)& o] -&3tdq F4
st

MMHZ S o] QA A elste] olg Hhs]&FEMAWL)S 2481, NIOSH Guideline®] AL(HS
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A), MPL(H T8 &84]), RWL(E 71388 A)7 u]mstgon, 35835 FMAWL) S xS ulg
drs &,

AAHR A A7 L) W Hus&FFHMAWL)Y AP ks SEROlM He a8 @
#te A%E HmEA GA AL 5 AR st Yt Asts o xHsE 2 ]‘4 2}

¢ [UIO

YA7E ErAS HH = YA Eaeln ¢ % 5% 39 (Overheated), #4442 33t AL, 7 2 (Strain) & |
A oA, B8 (Discomfort)o] $10] 74]¢5H’\1 e E rE A Al AEE A7t Ho)
o2 stF e A AAHA 2% 4A A 547419 & A ZHEQE B0ETE Apzhe) Ao o
dl Eol&er] AYge WA Gn, “Huz ‘%0} - e T MAWL'S Wl 5059 & 23ak
e (Steady State)oll 4] Mouth-piece 9} Nose-Clip& #-23st3, 1087t A Ae-ESel Arrmge =43
At B ATFAEL AMA A H o8] 45T (MAWL) 9 Aol A HUls] &5 A 20~
40% A BsAHAyoub 1978,  Asfour 1980, Mital 1985, Snook 1978, Kawowski 1984).
Fernandez(1986)e w=w, ol 88 FHMAWL)AHL) AP A 71S 208 A & ot Ze o SRS B PAVA 3
= AYE FE Al @ = Ae Rojapi= 29 o)X 9} Apzke) Aol wha) AAE ]S 8A17F
LAY AAE FIFAHE Aeko] gupa stolem, oF A7 AEE Folof dttn gy, ®

g

2

& Kim(190)9] 75~80%e A4 tol) ojaknl, 4] HAALE welshe] £5%9 oAF Pobay o
B AYNLE Jhesitha vk weld, X AT HE AAAHSE Hos85FHMAWL) A

SE
A& skl 1A7ke] A=, Aol WA xpel A oA 2leh4] A Ul&g AR AR A AL

22. 439 43

AP E AP M dA So] 227 A9 go1&97le] HugHe A E R, 9
AP 6139 B golgEv)e oz PRe 68.6kg(E=H2H11.0)¥ . Bicycle Ergometere} Al
g4 2% (BPWC) & 2562.71nt/min®) Y51,  Treadmill®] Agerd 2% 2(TPWC)L
2874.80nt/minZ R HUTHR 1).

(3% 1) Bicycle Ergometer$} Treadmill?) AJe] st =1¢) o

_ i A FF
_ Aelery 2y . -
AAFE 2 gy , A st 2145 E
[n&/min] .
— [n¢/kg - min]
Bicycle Ergometer mean 2562.71 38.12
BPWC) s 200.71 6.61
Treadmill mean 2874.89 42.45
(TPWC) std. 344.83 6.46

GE 2= # 439 2z B2 NIOSHE) AL(Z-5A), MPL(H t) 383 A), RWL(E7)3
AeANE AdsAom, Axdelsts Qpubde) o) T H s 8FFHMAWL)L AL, MPL,
RWLe 3 %9 nt@d1A 2 vixs) 2718t wa 22.38~748kg 0.2 FAade AT BAFYT)
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(% 2) NIOSH® #A8% AL, MPL, RWL% MAWL

NIOSH Limits Nl [kg]
2 5 8 11
Action Limits 10.05 7.03 4.02 1.00
Maximum Permissble Limits 30.14 21.00 12.05 3.01
_ Recommended Weight Load 6.70 361 1.86 0.00
Maximum Acceptable Weight of Load 22.38 15.43 12.01 7.48

NIOSH Guideline® @74et% 3% ®lmsl % =, MAWLS ALZ RWLET =& Mo EA e
33, MPLE A$ 9= 23dA 837tA& RqAL, 11389 A%= 2388 ¥4 vewti1d .

AL, MPL, RWL, MAWL

Frequency (lifts/imin}

(29 D Wz w& AL, MPL, RWL¥ MAWLY <%

2 Q3o FezAe g NIOSH Guideline® AL(AE @A), MPL(H N3 -&2A), RWL(E7]153
AT 3704 @A 8 (Limits)o]l t1d MAWLS] Percentage= (& el Aok o] g5l Ak &
0842 FMAWL)S W5 wal ALY 22udA 750 aldstdod, 23)/2elA 83)/% ME(2, 5
88/2)7% MPL®] 743~99.7%% Upelyt o, 118)d dstal: of 25w vebdtth =@ H 3 &%
SHMAWL)E 91 1189 7ol RWLe] 00]7] &l vud 7t AL, W% (2 5, 83/%)9 4
©.o) glo]] RWLS 33ufolA 6582 Estth

(£ 3) Hu)8&FFMAWL)Y tigk NIOSH &As34 Hli

E7] %
NIOSH Limits 2 5 8 11
MAWL/AL (%) 222.7% 219.5% 298.8% 748.0%
MAWL/MPL (%) 74.3% 73.5% 99.7% 2485%

MAWL/RWL (%) 334.0% 427.4% 645.7% —%
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ST ere] Bl MAWLY) w2 ax4 wsls A S nFs B Z wlxgeo)
e AR EFFMAWL) Y &gt Alxgurgs y ARARHFLE (X YA} 2o} Al erA
H 7t gl uhel 22.38~7.48kgo &

}4
Aom, HELEFE WEo uwal 71783~
1114178 /min o 2 Z7}3t o},

(F 4) HOl5 §FFMAWLIA] A gubEsol Absawap

fuLd jub

571 %
s &5 3 2 5 8 11

MAWL mean 22.38 15.43 12.01 748
[ke] std 2.01 2.34 1.38 2.26
HR mean 104.50 108.33 115.83 120.67
[bpm] std 5.62 5.47 8.99 11.38
Vo2 mean 717.83 922.50 1095.17 1114.17
[nt/min] std 69.98 148.48 14756 156.72

AAE HolF EFFMAWLH $d50) 28719 H 0% % (One Time Max) 9] H]

AE7E S7kgel wep 2 njgo] grasii A8 &S HMAWLIA  Abas

Treadmillel €% 2]ahd 2l 2 (TPWC)ol tlaj M= 25~399% 2 S/ TS HATHE 5).

(£ 5) A3 &FTHA darwdd Aejaty Bisazle) u)w

A" waw 2 5 8 11
MAWL/One Time Max 33% 22% 17% 119
MAWL ~ V,, / BPWC(%) 28% 36% 43% 43%
MAWL - V., /TPWC(%) 25% 32% 38% 39%

33% AR AYSHPWO)F s &2 FMAWL)A AT HE 5304 AP o
A HoH L5 FMAWLIA A4 4w e Bicycle Ergometer, Treadmill AJg] 83 =qjsalo] 33042
3t Aow et o NIOSH Guideline MPL9| Ael&a 7122 1000ml/min2.t} A JER

CHIH 2). 1A QMM EH Aol B M T A 74 37 (overestimate)8t= A 8] vt}
3L 43 Snook(1985)¢] Aol e e

< A& B9Fa gk
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Comparison of MAWLs-VO2and 33%PWCs

D VST URNISTRP IR EEHSLLLLLLLLLLL
4 /.—————'—_—_'—
o / —&— BPWC(854.24)
1000 %" . o RS . T . BN R . e & S TPWC(958.30)
vO2 % —i——MAWL-VO2
(mifmin) 900 " -
i e w3 MPL-VO2
800 +
700 ¥
600
2 5 8 11

Frequency (lifts/min)

(29 2) AU LFBA HaiwFD A2ty 4eHzre v

23 4 d7Asde v

E Q7oA 9& $we MAWLS @%9l, 29, nl=qld tid MAWLY de tha a7
2 (Ayoub 1978, Karwowski 1984, Kim 1990, ©1 %4 1995, Lee Y. H. 1995)s} vlastsint. Aol &
Z(MAWL)S o ¢A A4 BAFxe AASIAS 4y Fd5HBPWOL (F 63
2t @FdgstAdel BPWCE §ZdstAd el BPWCH tlal 684~734% (24 AE T 79.9~87.5%) <
Zo s g dsNE 825%(RHAMFER 795%)2 uehtth  FFdgge BPWCHH @=diEA
BPWCETH %2 A9 0id olft v A& gie) A¥e g F7t glod, UGS AN
Zgo] BPWC/F 4720mlkg - mino 24 vlmdistgend o sous AL 5718 Ages &5 8l
At

(¥ 6) A APA L A3 EdA g Aeists 2 HBPWOM A

e a= % BPWC BPWC/BW
nl/min nl/kg - min
Karwowski  Mean 20.66 80.37 178.45 3745.24 46.60
o] (1984) Std. 177 10.83 5.64 522.40 25.29
= Kim Mean 235 82.01 181.0 3490.23 42.56
(1990) Std. 32 6.26 238 708.03 30.13
% Lee Y.H  Mean 212 66.00 17050 3107 47.08
I (1995) Std. 1.88 791 3.35 410 19.34
o] #A Mean 219 64.0 1746 - -
(1995) Std. 2.4 60 3.7 - -
& by Mean 20.50 66.40 172.64 2553.88 38.46
= (1996) Std. 2.59 9.81 5.48 301.63 14.71
I Néean 20.33 68.83 17276 2562.71 37.23
td. 1.86 11.70 6.35 200.71 9.82

(E DAME QA A st o3 Hos&FLMAWL)S = e} o Azs} vasidd. £
ATARE Kim(PDS) A7Ase vms 2y A W2 g HoFETFMAWLIZS] vl
= 62~89%2 @A JEton Lee Y. H(1995)9) F=aa9 wlits) 29 o3 &3FMAWLE
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A=l wet 104~132%2 2 A3a9 ok owA vebstoh o) (1995)9) g=atg el vis By
HANE &5 WEd wal 191~ 161%= FA dEb ole @ o= gz zpolgt MAWLH4
AAIEE) Aol (208 3 60%)ol] o5 Aole} ALREY Sdd dhe o 5 gy

(B 7 e 289} 2 Axgste vm

W 1 2 5 6 8 T
Ayoub 066 2975 2198 2102 2611 2429 2ie6
I Karwowski 3050 2618 2249 2139 2055 1928 1797
_ Kim A8 8352° 2550 2093 1863 1402 loss
TH Lee Y. H 2647 - 068 - 1861° - -
gz L ®M 183" 157 o7 - - - -
ST 2538 2238 1781 1543 1407 1201 74g

AA e ete] o3t HU3 83 FMAWL) Y Wxzie] B ¥ ¥ (Linear Function), *]4-%<=
(Exponential Function), =234 (Logarithmic Function), H& 4 (Power Function) @Al 2 318 &) 1:Ra=1
L A= (F 99 2ol e 4 g Hlico] oigh Jojsl g52zte) d=ga A3t 4 =
< R-sq 0.9865% 1. TR Kim(1990) %= = e NEd ue Asr2 Yeson MAWL=
48.2582 X EXP(-0.1586 X Freq), Kawowski(1984) 1 g} MAWL = 30.504 < Freq (025 o] zmme
Hlch

(£ 8) WEe go wa H & &5 F o=

# <+ (Function) 15 =Y (Prediction Model) R-sq B
dYLinear)  MAWL = 2475 - 160 X FREQ 09782
_*4*(Exponential) __ MAWL = 2856 X EXP(-0.118 X FREQ) 09865
£ Z1(Logarithmic) MAWL = 2854 - 839 X Ln(FREQ) 09832
HPower)  MAWL - 3623 x FREQC®Y 09119
(18 32 (F g & = 2l st maws) B Aojr)

—®—Ayoub(20min)
—#—Karwowsk(40min)
—s—Kim (80min)

..... wi--Lee.k.s(20min)
..... M- Lee.y.h(20min)
—®—chung(60min)

Frequency (lifts/m in)

(29 3) & dFx8% g2 dxg um
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3.4 &

2 4% 699 WAPR g HodRER I Vo, max)& Bicycle Ergometer®] 3
2562.71nt/min. Treadmill®] 7 -¢- 0874.80mt/min® FAH AT BPWCE TPWC® 90.27%% YEIRIL,
-AA (t-test) @ A3 FAA Qe Aoz vEhgorHt=182, P>0.064) §4E 7%AME FAAF
gt & 4 vk Astrand(1986)% Treadmills 100°-% 2 79 Bicycle Ergometer’t 92~96% 3=
Atz 393, McArdle(1991)2 83.8~036%A =7t Bk FAew, w2 4=(1996)°] W= 1393 9}
2843} Bicycle Ergometer®] 7% Treadmill®] 91.64%7F Btix 3tgivh 2B B AygdaeE o
Aol A7ARSH g AL By & F 3Uvh

AMAEE ATuge] o HosEFFMAWL)F NIOSH Guideline?] ¥l HWIHEZTF
(MAWL)o] Zo] g7l ulx 23|94 8¥7xE MPLEG wor e, 118 2A Vet Ho
5 & Z=FMAWL)S Hl=zo ute} 7‘]4“-"'«?}4:MAWL=28.56><EXP(—O.IISXFREQ)"HH N Ee
R-sq 098655 el

A el ge] os HUHFFTFMAWLIA FhibREE 717.83~1114.17n¢/min2 H1E7} S74el
we} Z7}stgdth.  Bicycle Ergometerol 93k 33% AT EA 249} 5 21(854.24me/min) % HU 3 &5
(MAWL)A AbA 4257} ¥ xla] Boy HlT 28 M MAWLS] AbAA R o] 84%= kot W%
58]0 4ol A= 108~130%Ath AU EFHA ArrnFe Treadmillel 213+ 33% A=) sHA A4ds
e (958.30m¢/min) 3} ¥y, W% 23|} 53¢ 39 MAWLS Ab A AR EEo] T5%~96% = vhorog 8
g ool A= 114~116%2 Al vhehbA A2 oM 2 o BAdFAHE AP vty BT
g}, £ Bicycle Ergometerst Treadmillel ©]3 Qe A (PWC) S Aot lenR o=
Qe e8] wet PWC/E g2 F490 A & o s omleit}, 2FAFAAE Eol&E7] A
oo} Ue Asd BYsHe ns B F A& Aol

mare] A% 1981d NIOSH = el st w= oA 404 50percentile®} A3 2] 8 A Ze] 5o
(PWC)e 2.1£-Oz/min, &4 404 SOpercentiled 3.0£-Oy/mind 71E& %= o] &% 8AIZE Zdel o
3 )% & A (AL Action Limit)E 0.7¢-O/min, 3 o) 3] & 3 A (MPL: Maximum Permissible Limit) &
G PWCE 33%9 1.06-Oymin® 71 EAE 243 ATHNIOSH, 10981). @A At AAe F=d
o AWa A w2 PWCH W st vFE7) g Eo & AT AIst FFA WA 04F
qEas @olets 7hAste &=l 404 S0percentilec] sl Aoty FYsEe voldd o
s ®A factor 0837 A thd BA factor 0.7(Astrand 1986)¢ 31#ldte] 1.49L-Oy/minS 2 F7
3 2= gy, 12l=2 NIOSH Guideline ALd sl @ete A 9 Astd AdsdL 0= 71E A
o) 70.82%¢) s@arct mE, Kim(1990)e) -2 gy stde Agd AgsaBPWOE Pl=d
saye) Aeld 2% d(BPWC)Y 73.4%(E 9 A5 885%)°l gaect, 2z, ode A
23 NIOSH Guideline& 3.4 glo] 2o oA AgA 77 E vha a7l okt AudEd

B od7s wayae Aol o dEgeztt agF] 7] wge] B Ade Azt HA T
2o1e] Qe AP wddtn Brlde BFaYTa F g, gz ddAd @
2ole] w2 ga A AYsAL FARY A= Az d8e nHd FHAT I
Azt g A7t B3t
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