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Physiological Viewpoint of the Recommended Safe Weights
of Load for Manual Materials Handling Tasks

I

ABSTRACT

The objective of this study was to make a comparison of the oxygen consumption
rates during the lifting activities and the physiological criteria of the recommended
weights of RWL, AL, and MPL by NIOSH Guideline. The Physical Work Capacity
(PWC) based on the bicycle ergometer was 2562.71ml/min, and the one based on the
treadmill was 2874.89ml/min for the college male students of Korea.

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 rates and
the heart rates were measured or recorded while subjects were lifting the weight of
RWL, AL, and MPL. The heart rates and the oxygen consumption rates increased as
the frequency increased from 2 to 8 lifts/min. However, those slightly decreased at the
frequency of 11 lifts/min.

The measured oxygen consumption rates were ranging from 2.3% to 29.6% higher
than the physiological criteria 620, 700, and 1000ml/min, respectively, of the RWL, AL,
and MPL for all the lifting frequencies(5, 8, 11 lifts/min) except 2 lifts/min. It is
suggested that the physiological criteria of NIOSH Guideline should be based on the
Lifting PWC, which can consider the type of lifting activity and the frequency of the
task, rather than using the PWC by ergometer or treadmill.

The measured oxygen consumption rates were ranging from 13.26% to 40.11%% higher
than the values estimated using the models by Garg and Kim. From these findings it is
suggested that the NIOSH Equation should not be directly applied to Korean without
reasonable modifications.
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JEEAHF Manual Materials  Handling
Tasks, MMH) o[ ojd EAE 7|49 =& ¢
o Qe 9Jsle Eol&eAY WHAY "AY
F7IAY Ee 9] ofstd d FhelM tE
FAEZ olFATIE AYE Lo JHEAFHFS
o 71 ok AHEA 3loA FE shedl o
£ 59 At wiEHo g Sojgile 2
¢ AAdE vle 34, Aol ZAJNE vl
(spool)E olEshe 24, t3.do] HAdel] F3
FAE odEe AY F50] o] Wl &3
oleigt Hejo AHEAFFL whe HlESH o1
T A83 APolng old @E QALY oA
SAET ol 3ol TE o 1A AlaE
ANZHE oplEle 4 A7 agn A
21 SRl B o A4 Aot

ARAEY o)lF AlgHoz wbAEele A3
HAE st T4 8] 2470 233
oAU ¥REAR] AL 7R AEF UM
A2 AdEME B AHERFHTO| Y&
ZHEZ 5o 7tu oy, olFx e
ERAME FHE AP0 BiNkEA mEo
ANAEAH T 48] glod 471 gle AHo]
o Bl YoMe SA1A =85S 83ke 1EER
Ha Aol AA &Y F 133 Aoz FHHIA
o} (Garg, 1983). o8& Q1€ EAHFo] B443)
A AAEe A AdAe el 498 de
vl v=el BAE BY QIEEAFFGeE A% 2
FZAA (Musculoskeletal System)9] ¥4 &
a7t AA 2P FE Asfe] 52%0) @3, o]
o w2} wid 59T o AYA} wFYHE FA
akaL, A7 oF 1,0009 €] vlg-g st Q)
tal BasiEo $2 veke] B¢ 19729 ~19%

d Atolo] WAl AAAEE AR, FAe &
T B3 FoA BT A 69%8=0t WA
& 2o Jehgth X9 A4A As AA)zt
AHEAHFA A Asgn B 4 giAT
219%8x9 Azt HaF e ueEhy, o
I%AHET} oHE AHERH T aiA TAs)
I Qe ALE et & 4 IckANE,
1996).

HZ9 FAANEE AHEY JYHEAFHFoER
g A F 7 HIgo] B2 AL HF &4
(back injury), 53] 835-%(lower back)9) &4
o2A AAFLE o] Frtshe FAle 3tk
Cailliet A v=E F 7HY Hol &N
o7 uFS W lon o A= wid 7uigk
By F7leka e FAMEE K Cailliet, 1981).
ol % 5ujg B REFHo2 Fojele] Hoj}
I glon 2ugk g RS Tul Folof & 7]
7o ol2x it FcKKhalil, 1991; Stephens,
191). =% v]=9] Liberty Mutual Insurance
Company+= 1939 3 &flo] 9t Q%o o} A
AEY ABAHA 471 o 3BRE AR o
B, 710 o2 AAHIEE 919 2y Hox
gic} gheR A, A el o2 vigs
A, ALY &4, 281 Aus v 59
HHEA BlE7HA 13t ofd] WE &£4&
7F8] HEEHA A olgtx & 4 Stk
(Webster, and Snook, 1994). Klein 5-& ©]#3}
859 B~28%7F AEEAHT 78T
w3t Klein, Roger, Jensen, and Sanderson,
1994).

Ad 406 Akl AA, AHEAHF L AT
8, ZgAesl A9, Az, ExEd, Al
ol JHeHst5e g Folo} AE/lERR
Bl B4lY] diido] =Ho sttt o3t A F4
QAL oM AFE vie} o] ARG
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AHEAHF S FAJA3FA S BH uF 25

F8 B AAASSe A4l s 1Fe
AQAE aga G oFn WAE BAE 9
Holtk, a2lEg o] 8% 23 A
X9l Aoje YorT ALHOZ A B
A7AET 7198 9 FHHsHA eiEAA
ofgt 3 Aojch.

FojZl Az AsA 7He APl FHA
TAsK 27] ZpAo] 7)Ao wolEdl FA o)
< ERE 3 thtle Zo] YukEdl Aot
AR Bolgdle 8L o /Y WFE o
2o A, ARUALY oA ARF 8
Z Byo] 2EYAE oA Wle F8d 9l
Agke wu Qlck AFEAHFAA At A
A 7 2 B3 & Qe e Ae )
2 g3 1 ¥y elld Yake Aozt B 4
FAEo] wata itk 13Eg AHEAHFAY
(B3] Bol2dle AQ) ke A7%4E A AR
2 =7 gaide Azt QuiET Y dAA
o] AgsHA Sy ojolst gt ot =g A
gaket olA tiREY g ¥t A
37, AUz, FUAte] EAd] o &gl
3 7132 Fesrrt ofgue Aol

JAHEAZFA AAo| wXe 2E#H 2 tif
2o the A 71X HFEq Etta & F Sick
(1) 2=ZAA0 718iAe AA e 2EGE,
2) 433 387 A% JBiAE Agd &

EfX,

(3) 7k Aplo] § e 9 WIE A4

og24 AA ulxE AAHA 2EGA,

QA7FEEL Bopl M ol2igt 2E#H 29| WF
oe} Qzte] Lt 53 (53] EolEls A%
He5%F WAE tAsHS A4 dAs o
7 2L v 7HA AW E ARt e

(1) 98y  APH(Epidemiological Appro-

ach)e SHAZFS AR AT 7L

=

s

B

A Bxde AHEAE B qHER
3 A= DAk A FN(H
F &4 2% I83Y, TR Y
S ol YT E o] &3t
(2) MAYsrA HwH (Biomechanical App-
roach)& Foj7 2Adxsolx Eo0igd
F e HFEHS AR AT e
24 H3o JBINE 4FET Z2 A
o] o] H3LE ARE-3h.
(3) Aaskd A (Physiological Appro-
ach)& Foj3 ZAPZzAzIA Eo2E
Qe HAFFE AAd] AT 7IEeEA
AA 9] oA AREE AR
(4) QAAlgst g2 (Psychophysical
Approach)& HAEAIEC] Foi7 AYE
AplA 2AEY] T ¥9A EoEE
F e HUFHE AR AlFReY
AYe B3] 28 MY F e TEHY
w3 E Adshe WHE o83t
zolx AYzHde AT A} 3
AQEA Y] =7, SHAYAHY FHeE &
soi), AYEA Y &gl 53, 2
o] B%9 3|Mo]. Wa3HA| opdA] Fol AUtk
olgig vl 7tx HIWHE BT o ustaiol
AR B AoMe 4 AEH HIHY
(physiological approach)7HS =i&tdth 2 Al
21 g2 1.2 Aol 3] stk

1.2 A& A 24 (Physiological Approach)
AEjEta Aoy e AAd F= A 2E
g2o] AL F Aotk o] AL AL
g dUAaT Ao 2 A JES
Hehsle] o] oA A FA3IY E°f
287 A9 58S FAY + Uk
Ageste AYe sk T AH W
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7t AA ellA dAgiths ARdel s, o
o2 A Wg g4 SAXNE A =4 F
HAlAl Fisls 2EYA 528 4 £ Utk
=g wEg APy, FI5E, BH/AER
LEH2pE] HgET Hrlse] A 4 gl A
o|t}.

A e H2HY EXe AR A3
o 71ES o3 #ARS Filx, AdE 7)Fd
ARE 7122 o29)7] A4 F8E AHs=
Zolck. e ¥HEH Folge]y] 2dd] gt 7]
FOE A2AWFE AARA UALARYE FE
A g AEE 4 gl

Yuiz oz AAARERE Fol2e7] F}d 9
8 a7Ee AUAAEF HIIE 8 29
o50] 858 o), 259 Z71E AAdAkE o
BE AAE deE sy, 259 ALH9 858
A3l A LS Q7 o3 AL 93 &
F715E 71, o Be ddo] ZgoE By
of gt} 2EZ ojHg 3FH AR v
oo o8] ARHE AAharEs AgaAd
Jk & 4 g} ARFHoE MriwEke 2§
o o% o83 AP AFIAA U
(NIOSH, 1981). 4233 879 &FXe E9
£2)7] Aol "agk s NEeS A
AsA JHR1A Ao doj2y] 3 ARxg
At

A3ty 7iEel] 7125, 3% 817k Ad)
AolA A1 o] Aeld 2Qfsde 3B%E
ZHetA golof it wl=9] F& Pale] Aee
SHF 8 AZE] AA] B AT g
2 7119 AdoyA] 42582 33%(5 kcal/min,
F A4 RF 10 Vmindll D) & et &
olof g} el s 110 WA 115
beats/ming Z#8}A] Yook FHSnook and
Irvine, 1967).

1.3 NIOSH A A

1981 wl=re] NIOSH(National Institute for
Occupational Safety and Health)olMe B3
EolgEe A g AVIEE A 9
o o] RAZIEE Sl 33, Az =
Action Limit(AL)9} Maximum Permissible
Limit(MPL)Z 74%0] itk ALS] e “Ae
EE ARFE"0] 918d F e FHol8, MPL
< A “olF &5 ARFEY] S0l £
Ae FHFo|th ALFE o)dE 35A(Ideal
Weight, TW)E % QA(Horizontal Factor,
HF), 43 84(Vertical Factor, VF), °|EA2)
82 (Distance Factor, DF), 283 w4
84 (Frequency Factor, FFE2 ¥F3lo ¥4 3t
grolm, MPL#E ALY 3ul2 AAso] it
(NIOSH, 1981). ¢|Z AL, MPLgto] @4s=)%)
Ut ate] o] Fokol MEIFE] ] T 9
24& Ve A3 191499 A7) 8258 AFAs)
3, Bl 84 (Assymmetry Factor, AF), &
871 84(Container Factor, CF)&< F7}5td
A AL, MPL /Bd$ il RWL(Recom-
mended Weight of Lift)& AJEo] AsHct
(Waters, Putz-Anderson, and Garg, 1994). 1981
Wrel 1991d= 9] NIOSH EquationE9] 72 84
9 tig vlne E 19 A3 =] glon
ol & ohgo A(1), (2), Q) Eth

AL =IW * HF * VF * DF * FF (1
MPL =3+ AL (2)
RWL=IW+HF * VF*DE «xFF « AF*CF  (3)

AR BgoX 2 W) ALT MPL =4
oM 85799 L5510 dele Ay
o] 2%t 343 kN#} 637 kNS 233} Tojo}
gtk RWL zstide AL 243 oAz
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Z 1. NIOSH Equationoll 2HE 245
Multiplier
Factor
1981 1991
Load Constant(IW) 40 kg 23 kg
Horizontal(HF) 15/H 25/H
Vertical(VF) 1 - 0.004%|V-75 1 - 0.003*|V-75
Distance(DF) 0.7 + 75/D 0.82 + 45/D
Frequency(FF) 1 - F/Fmax from table(1)
Asymmetry(AF) not available 1 - 0.0032+xA
Coupling(CF) not available from table(2)

) . W/2 + 25 (if V<25cm)
Horizontal location(H) W/2 + 15 W/2 + 20 (if V=2cm)
Ohject Width(W) Object width in sagittal(cm) | Object width in sagittal (cm)
Vertical location(V) at origin of lift (cm) at origin/destination of lift(cm)

. . Distance between origin and | Distance between origin and
Vertical travel distance(D) destination of lift (cm) destination of lift (cm)
Frequency (F) Frequency of lift (lifts/min) | Frequency of lift (lifts/min)

Location of the object to the
Angle of Asymmetry (A) not used worker's mid-sagittal plane( * )
Fmax : from table value (NIOSH, 1981)
Table(1) : from table value (Waters, Putz-Anderson, Garg, 1994)
Table(2) : from table value (Waters, Putz-Anderson, Garg, 1994)
343 KN 275 olo} Sk, DASNHA B 22 ALS RWL =
AAAeIeHAl AHolM B of AL # MPL AslAHE 5% A4 9% FAdol e
zZAstNE BT AR} ouA] Argo] 7 = Zgoln MPL ZAdlME 25% B4 1%

7} 35 kecal/min(AHa2®E 07 Vmin)?t 50
keal/min(AHA42%F 10 VminE 2331 Tot
°F 3tk RWL 27slide Ha AZgAL oy

ARgo] Bo0lge]7] AYANAE Eol, A
A]ﬂ yo mwet 2.2~47 keal/min(AHAARF 044
~094 Vmin)E Z73}A] Tolot g,

vjgre) ool 7R & Qe Sl slofol @

aEt ol $XE vRele] 7)FlA B
o 7127 @ + YEAE ok FuA gl
A 94 ek ol WolA B W FAR w2l
NIOSH A3¢ $3 9264 488 3% AL
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7 KA T e

¥ 2 M 7k Hgtdol wE AL, MPL, RWLOIl thst 7|Fx]

7| E x|
gy A JlEgs

AL MPL RWL
A =83 L5/S19] Hd §¥=¥ | 343 kN(350 kg) | 6.37 kN(650 kg) 343 kN(350 kg)
e o oA LuF 35 kcal/min 5.0 kcal/min 2.2~4.7 kcal/min
(R AR (0.7 I/min) (1.0 Vmin) (0.44~094 1/min)
AdTBA 5% | A2 5% | JAZ2A} 75%9)
JAHHS | Hdf HEFF HATEA 9% 1% "] o482 S22 9%

A3 SF 2alo| A3 SF | AT FF

MPL, 7127 RWL & 71228 3=l 3
@ 71EA2 AzHeor & Bask dckn e
o @4 5857 e v AL MPL, RWL
o g 7lEAle] vime E 20 aokElo] gk

2. ATRY U 7MY

B BAe §39) Helo] Jdg
UG B seld] &AL 24 2
b 3E2 gzs) AR gow SAd 4
F A 2 2e 4H HeERL 4
s17] 915 $40 vle] NIOSH X33 a2
g3t} s itk a2l gRelel ded Ay
SEPWC)o] el NIOSH 2139 Aejsia AL
MPL, RWL 7125 2850 3 & erte
Amshen) B9 1 23] 9ok
AFEAAT WE $2) Uz} ALE =3
250 g WA Folza} vlZe) NIOSH
AFAe] M Hoj FeseEA) A7, 2 5
o WAzAC] A e S8 Uzt Aas
A A8 & YeAE W] s B @
Fol "oy WAS I83 NIOSH A8e
FRHoZ o8F A% ANTHH Huhol

T2 NIOSH 9} 71EX9} 22 AL §=9l9)7)
AZ A7) Yt B a7 Beye b
Z98 Aotk

B A7 Wl Adea Qs
He gag Aug Ee dng & gt @4
Qe 7oEl Aelsh Fauyee wEsign)
o] tigk Age DAY SFro| ool
SlolA o] ApoME R T,

O:

3. AEH ¥ AEUY

434 A APsHE F UK AW
H (Ergometer test, Treadmill test)ol]l W} &3
St g x0T APEE g s
S S48 sl oo} T Ay ¢
T 7K A8E gtk

31 A¥ A

2 A7 ARRE A7 FAHL A=A
AREF 4 7)(Metabolic Measurement System),
A48 54 E47)(Heart Rate Monitor), Ergo-
meter, Treadmill, 244 HContainer), &g
(Lifting  Table), A&A7)(Anthropometric
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Measurements Set)52.2 31tk

311 Ataar® £47](0; Consumption
Measurement Device)
SensorMedicsAte] Metabolic Measurement
Cart System(MMC-2000 model)& ©]-83d
Ergometer, Treadmill, E12€l7] ¢ ZA¥-3}
o 2 mAEate] ArrvEde SHHAT

312 A9A|(Heart Rate Monitor)

AHslo] W ArswE A of 7 A
u-2 3 248)7) 93k SensorMedics Ak
Sa0; (Sat-Trak Pulse Oximeter)E ©]83l9 &
Rsigon Bz AHE AHS 717 Finland®]
POLAR CIC 3JA}¢] POLAR VANTAGE XL
Heart Rate Monitor(Polar-77064) 24 o} 5&, 15
Z, 0% 992 2Ho] 7Fs3Arh

3.1.3 Bicycle Ergometer

Bicycle Ergometere 7=9] SensorMedicsAt
Ergoline SMC Ergo-metrics 800S Ergometer
MMCS} dasglo] AFso2 WorkloadE 20 watt
oA Ho 400 watt 74X 2AF S Sl #HE
FALTE Yukgoz 50~60 rpmS ARSI
2 Ao ME 50 rpmeE A AMSErh
Sweden® Monark Bicycle Ergometer= 3|4 %
A59] #-gFHo] AHEEHATL

314 Treadmill

Treadmill& MARQUETTE 20000] ARSI
t &xx ) 225 kmhr, $HATE FHO2
HEl 250% grade7td] Q4FH0g HIAA F
otk £ A¥dMe HF 5 km/he 52 AL
T2 247t 30%, 9%, 75%9 AAEEs HY
(Percentage of Heart Rate Range)ol 3j33l=

ARz 27F AR

315 E°l&87] 2AU(Lifting task) 42+

solg)y] A9 AL vjmAtE | H
TE 93 wFoN g dutEe R 2o A}
2 Adag. a7)e 712 4572cm X A2 3048
emX &0] 3048molx, TH WAE FolE AN
so] UAkakel Folgats whedith Zo) 15em,
A7 2em?) £7olE APgAt] 2 WY FU
o ¥-23tgch.

Heg 35g 7k) 9siA dEel 25mmed
PVC solzg FHoE Fo A8 715 A
% ZAo] 2Bmmel FA lkg, 100g, 50g T4
XSS YAF o7 wjgsld Solgee AU
BAZFA] At Fdoll HAREHo HIHLZ o|F

=E 33

316 Eolge] A4 At

A= FK(Floor to Knuckle; 0-76cm #°1)
Hje] sjshs Eojgde AYS A k=
150cmX A2 80cm X %) 76cme] A& M-8t
Aok, zAgaze] £3te] AL At wie
o2 152cm ol Jong HAZ Eoig
ZE Eole uHoZRE 1524cmEHE 91.24
cmth

3.1.7 <A A Z7871(Anthropometric
Measurement Device)
AA Y z+ B8 243 $81 Martind <
AZA71E AL

—_—

32 Ay 9 Az

B GTEAS GAE) YA oest 2
Aga}e] 2LEAT 271x|e Ex1FHQ Ago]
P ick

)
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7] KA Te

321 AAEA A 2 HS FA

AA 275 699 Ak izt E A, Al
et AP HYNaE A8 dA g
Fol AY A 8% Ago] e AL A
oJ3}5.

AP S| £ d79 49 AL & olss)
I AR e P ASE 5 k= §)
3t 2 FUHY HIFAE AT e
5T EEE 83 F vlex FJAE Yo
B2 AYa3el o2l Bicycle Ergometersd
Treadmill & AB3I4TE S0122]7] A3je] A4
& £01&8]7] MHO~T6cm)dl] WE HLEHA|
e 7L W AYIROMRE 2 Fgu
=8 2 =27PEA AH3EUS Y MMC-
AR NG 247)9] vhexvizo) tlgh Hed
& 7193, &Fold i3 ¥273 Heart Rate
Monitorell =3l E 3lgon], E0&e 5
3 AA AFALE she Ay 2L E01eEr]Y
HSFEE 25U FAA AT AHeAe
A 2EE BH3TE AA8YYL &&&
50% Rt Aeolgk AES &)k 28x A
Ao vigte WA wigo gy FoZo] glu
npEEo] $2 ugoz 3.

322 A¥-1:PWC =3 43

Bicycle Ergometer$} Treadmill®] 423 2Hg
THPWOE S8 g4 F4gAE 158
o Hg AMZ orle] GAE Fo] okgH
el FAATIR, olm) FAA AAubgs
(RHR)}  Ataawears 23319tk Bicycle
Ergometer®} Treadmill®] 23] w& Az
4 APH(PWC)L BAN-317H(Submaximal
test)& ARESIATE  AAuHESH-&(Percentage
of Heart Rate Range, %HRR)¢] 30%, 50%,
5%7F He AARIE vl 4 e ge

kel ARARZRY NYBA NN FARA
< E3 Hold¥(Maximum Heart Rate,
MHR)o| &idshs  Hojikii T ZH Maximum
Oxygen consumption rate)& A3 ZAYsd
(PWO)22 FH3H. A3 protocol & H1E
#E(Kamon, and Ayoub, 1976; Kim, 1990; ®}X]
F, 057, 329, 1996)) dH=lo] ok

323 4%-2: RWL, AL, MPL 244w
34 49 »
NIOSH #AZAM¢] RWL, AL, MPL A& 2
ZA(EZYE ¥, AY WxFH)d wat 24
33, o5 FE) o3t o)y FYe 1587t
ANEt v 182 59 2 SAEAte) A
B2 AurE 2489 199199 RWLL AL
MPL®] 799k g2 Sol7) Ao} A)H =
o9 T4 #ol9] A9l wet Asd F% F ot
g FFe n3ly] Aot 7le FEge o
3k & Ao Al oo thgk F%o]
34 =old U3 5% Hod 7YY o) A
A wolol Ui F=S RWL gtos 214 3t
A gole WA &, vlHoZRE Tocm ¥
ojgt 123}, E01&]7| A ARE GA] d}
A A7) & 718 457 cm X AZ 3048 cmX &9
3048 cmS ARSI AP FolE nigtow
RE T6cm ®ol2 w3 ol NIOSH
Guidelineoll A E01-&2]7] Q9] 43 &o] AA
A2 T5em(30 in)E AMET U3 EE oE @
7o 4g943En vnd Rede Jdx gy
ok E01287] A9l ®iw4xlifting frequency)

£ 2,5, 8, 11 lifts/min & =3}k

4. 48N ¥ BY

2 479 3I9 699 YR BF 9
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E 3 mAEXe] dHEHAE

Ergometer | Treadmil
PWC PWC
(mifmin) | (ml/min)

g 7| |&¥
)

(M) | m | (kg

ot
=
s
&3
&

1728 | 688 | 256271 | 287489

<l

FHAH 186 | 635 | 2033 | 20071 | 34433

2034, A 1728m, %A 638kg ©I%Th
Ergometerd] 9% A2l Adsd FAAE
Treadmillol &3+ F3x19] 89.14%¢l| siZatct.
o5 Y FAX 9} BFU= & 37 2Tk

198193 1991d¢] NIOSH Equationol| mH&
AL, MPL, RWLol| 3i@sl= 2dtdslzad 1
Adaize] W v rARg SPAT=
i 49 2k

Z2E glo] ©x EFA T o WEsE 2
oA 1138 F7MAS o, A¥E 89 bpm
OZHE 100 bpm & F/HT, ArARERE
443904 803 mli/min & Z7I8I%} o] At
DS Ergometer ¥ Treadmillel 23 PWC
9] percentage® Hlws| B Az 74zt 17.3%00
A 31.3%9} 154%A 279% 2 S7FI9th

T 2 5 8 1130 w& NIOSH ¢ RWL
o AFshs FHL Solde AYA, AiEe
HIES 837AE H17A 102 bpmeE S7H3t
t7t 11894% 100 bpmeE A, Ak
ATEL 58517904 80333 m/min®2 271813
t} o] AtAaAWES Ergometer ¥ Treadmill
of 9J3t PWCY percentage® ®lis] ¥ ZAi=
2zt 228%A 31.2%9 204%NA 218%E F
7.

BlE4 2 5 8 1139] wE NIOSH 9 ALd
HFehe £E2 Solgde YA, Avkre Hl
T2 88)74A)E 9200914 110.17 bpmoE F7H}

o7t 1189ME 10417 bpmoE ZAda, 4+
AARES 50567914 897.83 mi/minE 718t
o} LEelME 81238 ml/mino2 ZAsKT
o] AAARFTS  Ergometerd] &3 PWC
(BPWC)9| percentageZ ulws) £ A= 74zt
232%94  BO%EZ  F7RIE 113X e
317%2 7288tk Treadmilld]l &3 PWC
(TPWC)2] percentage= 20.7%°14 31.2%=E &
7hstth} 1138o M 283% 2 748t

g 2 5 8 1130 w2 NIOSH & MPLY
dqsie L Sofgee AN, vk
4 8374 103009014 12067 bpmo g 7}
STt 118eME 11750 bpmeZ BASAT,
AreaR e 81367914 117833 m/minle® F
7k8ck7h 113)elME 102283 m/min®2 73}
A}, o] AAARES Ergometerel]l 213 PWCH
percentage2 Hlws] B A= ZH 31.8%A
46.0%= Z7¥l7} 1130 M 399%=2 3HAs)
gt Treadmille] 2J3 PWCe| percentaget
283%ANA 41.0%2 F71sH7t 113jelMe 356
%E ZHAstgh

Aulee} Abaiw o] Wk 23)0X 83714
£ kit 13dAe gashe Age A4
& (work rate; kg*m/min)8] AXHEAz fAEH 73
S Yehliz Qe Ao EA Mol 7kt

¥ 49 39 194 E5o] NIOSH® RWLA
ke FHES SolgEle AYPAY FarE
Zo Hey 2318 A9 OE WETF F 5, 8§
1189] A9 25 RWLo that H2ed 7|&EA]
620 mi/min BT 229~206%FTE  =UTh
NIOSHY ALl 333k FFES Bolgdle
AN 9] AravFE HES 2388 AT e
HEs & 5 8 1189 3¢ 2% ALl g A
2184 71Fx) 700 m/min B} 160~283%AH%
Egton) 3 MPLY ddshe F%ES £
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E 4 RWL, AL, MPLOI 2 R 2 M el
Frequency (lifts/min)
2 5 8 1
Weight (kg) 0.00 0.00 0.00 0.00
Work Rate (kg*m/min) 0.00 0.00 0.00 0.00
Heart Rate (bpm) 89.00 92.33 64.33 100.00
BW only — -
Vo, (ml/min) 443.00 640.00 716.50 803.33
Vo, /BPWC (%) 173 % 250 % 280 % 313 %
Voy /TPWC (%) 154 % 223 % 249 % 219 %
Weight (kg)’ 6.70 3.61 1.86 0.00
Work Rate (kg*m/min) 10.21 13.75 11.34 0.00
RWL Heart Rate (bpm) 94.17 97.50 102.00 100.00
Vo, (ml/min) 585.17 761.67 799.50 803.33
Vo,/BPWC (%) 22.8 % 29.7 % 312 % 313 %
Vo, /TPWC (%) 204 % 265 % 218 % 219 %
Weight (kg) 10.05 7.03 402 1.00
Work Rate (kg*m/min) 15.32 26.78 2451 8.38
AL Heart Rate (bpm) 92.00 103.67 110.17 104.17
Vo, (ml/min) 595.67 834.17 897.83 812.33
Vo, /BPWC (%) 232 % 326 % 350 % 31.7 %
Vo, /TPWC (%) 207 % 290 % 312 % 283 %
Weight (kg) 30.14 21.10 12.05 3.01
Work Rate (kg*m/min) 4593 80.39 73.46 25.23
MPL Heart Rate (bpm) 103.00 118.17 120.67 11750
Vo, (ml/min) 813.67 1140.83 1178.33 1022.83
Vo, /BPWC (%) 318 % 445 % 46.0 % 399 %
Vo, /TPWC (%) 283 % 397 % 410 % 306 %

Voy(ml/min) = £ 44422 (Oxygen Consumption Rate)
BPWC = Bicycle Ergometer PWC
TPWC = Treadmill PWC

* = Eo122)7] A9 AE ¥l (1524cm, €3] Folol A RWL
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A2 A2 Z(ml/ min)

il T 2F RWL, AL, MPLO|| 8 &4 28

1400
1200
1000 r - BW Only
800 e RWL
<e - RWL-LIMIT
600 —ae-AL
400 —-A&-=AL-LIMIT
———
200 MPL
—6— MPL-LIMIT
0 1 "
2 5 8 11

=t ed gl = % (lifts/min)

RWL-LIMIT : RWLol| thg+ A2lghd 71$x] = 620 ml/min

AL-LIMIT

ALY tigk Aelgtd 71X = 700 mi/min

MPL-LIMIT : MPLol| th& A2lstd 7134 = 1000 mi/min

a7 1. ERAUITet RWL, AL, MPLOIl e A4 22 J|EX|S2| tlu

olgelE FYAY] AasnH A HES 235
A9 T wes = 5 8 1139 B¢ EF
MPLo} theh A2jdtd 7124 1000 ml/min Bt}
23~178%3% EU}h

B T AA 3" A4rhvEs Garg
(1978)$} Kim(1990)9) xdllol) #83}e &3 A
Aoy vias] & Ade ¥ 5oA Be upet
o] ZHE glo] ©A FEAT o3 HeTFE
2t oglolA 1132 371 RS W Gargd 74
£ 13.26~32.70%, Kim®) 7% 21.24~43.06% 7
T o =4 289 AoE Yehgdth NIOSHY
RWLY sigshs $3e Solgdle A% 4%

= Gargd A$BT; 2088~40.11%, Kim9] 2%
Bt} 2124~483%% A= W =A ekt
NIOSHY] AL #igsle 33& Eolddle &
o] ALE Gargd 7AFET 1572~3863%,
Kim¢] 7A$Ht} 1618-4.82% A% o =4 e
gl NIOSHe] MPLY #igsle F&& &0l
g 2ol AeE Gargd AERY 3077~
3652%, Kim¢ ZA$Bo} 3234~36.80% A= U
=4 JERTh



34 4 % 7 KEg AR e
E5 FF MR Garg, Kimel 2ol 2|8t o Ex|ete| djw
Frequency | Weight | =T oy |NeLDit | o o o, [Nt DIt} o o
lts/min) kg (mi/min) | (ml/min) (mi/min) (ml/min) {mi/min)
2 0.00 44300 | 391.15 | 51.85 13.26 | 33977 | 103.23 30.38
BW 5 0.00 640.00 | 48229 | 157.71 3270 || 44737 | 192.63 43.06
Only 8 0.00 71650 | 573.44 | 143.06 24.95 55497 | 161.53 20.11
11 0.00 803.33 | 66458 | 13875 | 2088 | 66257 | 140.76 21.24
2 6.70 585.17 | 43669 | 14848 | 34.00 | 40089 | 184.28 4597
RWL 5 3.61 76167 | 54363 | 21804 | 40.11 51341 | 24826 | 4835
8 1.86 79950 | 624.00 | 17550 | 2812 | 606.06 | 19344 | 31.92
11 0.00 80333 | 66458 | 13875 | 2088 | 66257 | 140.76 | 21.24
2 10.05 595.67 | 45945 | 13622 | 2965 | 43145 | 16422 | 38.06
AL 5 7.03 834.17 | 601.75 | 232.42 38.63 57599 | 25818 44.82
. 8 402 897.83 | 682.73 | 21510 | 3151 665.39 | 23244 | 3493
11 1.00 81233 | 70196 | 11037 | 1572 | 699.21 | 113.12 16.18
2 30.14 81367 | 596.00 | 21767 | 36.52 614.72 | 198.95 32.36
MPL 5 21.10 | 1140.83 | 840.82 | 300.01 3568 | 83341 | 30742 | 36.89
8 1205 | 117833 | 901.04 | 27729 | 30.77 | 83597 | 292.36 33.00
11 301 | 102283 | 77710 | 24573 | 3162 | 77286 | 24997 | 32.34
Net Diff. (ml/min) = 8 A+ Vo, - Zdol| 2§ Vo,
% Diff. = ( Diff. (ml/min) / ¥ A7 Vo,) * 100%
5. 48 ¥ E9 oddRte] A Add A PWCE HEst
Zol7k glont A3Rle] 7% HA4e] PWCE ¥4
FHEo] 1S “HQ} RWL 3i3éh= F3#e=2 o] PWC 65~75%l a3 Astrand, Astr-
YA AR FS B AT gk gadgat and, Hallback, Kilbom, 1973). %3} 1joldl| u}2

] 33% PWC “1“&0]219_14 AL9 7%= 839

7% 33% PWC Ho}h %9ka1, MPLY 3¢
S 288 AGf OE WEFdA B

=y

T O

33%

PWC9

FFE BAHE 1.0022 HY o 3BA
© 087, 404 083, 504l 0.75, 60A= 0.689]

HI&2 FA4E 4 tka 3} (Astrand, 1960).

PWC Hr} =St} OI@i ujFo] £ W) RWL
EE= ALY AHEke TS B A 23 v
AN AE AT 50 FHY F 5 gl
o, AnialgsolAl F8slee T2zt sk
2

ol A dztsle] NIOSH ALS Azgt
A 7)1%x 700 mi/mine W) 404 ojAde)
7 PWC 2100 ml/min®] 33.3% %= 404 3439
B PWC 3000 ml/min®] 23.3%, 254 @49
Y PWC 3614 m/min®] 19.37%Z 183t RS
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2 ¥ 4= 9Jtk NIOSH MPLY] A28 71&3]
1000 mymine w=¢ 404 <3449 B PWC
2100 mi/min®] 47.62% I 404 B9 BT
PWC 3000 m/min®} 333%, 254 949 Ha
PWC 3614 ml/ming] 2767%% 1123 A& &
4 9Jck. NIOSH RWLY Aejshd 713 620
ml/mine P1Z¢] 404 Ae] B PWC 2100
ml/min®] 29529 & 404 ‘249l HT PWC
3000 ml/min®] 23.3%, 254 2439 Hd PWC
3614 ml/ming) 17.15%2 1§ Aoz B 4 9l
t}.

olgidt 7Pgdl wEw 2 7o A Hd 20
Aol PWC7t 25627 ml/minolut 254 Haos
s oA BAY HE PWCE 17939
m/minZ 4% & 9lon, ¥4 404 A4 40
HH P33 PWCe ol gt B4 factor 083
o A 21271 mi/min$} 14889 ml/minZ
=48 3l
ojg} & 4 ‘aﬂr Uolol that BAL 13,
B 7o sAdAE 159 17.15%, 1937%,
2767% PWC Z 440, 496, 709 ml/min¥ NIOSH
o] RWL, AL, MPL9} Ajgtd 71EA =2 53}
ojo} & otk a2y B A7 AT k% §l°)
ox 2RAguiog Bolgele YAl Hles 11
39| AramERe WIS 28)9] ARt oF 24
7l =A Jehtewg dlxso digh veje 3
ZHolz} & Zojrh Eojelr] Al e d&
Ao g Ergometer E¥ Treadmillel €3 PWC
2 71702 dthe AL B4l gioka o

RWL, AL, MPLol| mh& AALRERe BTy 2
3o A9=2 Aostne Zzte) Ay 71EA
B} 23-206%A% A Uehd ARdel dzsied
Ho NIOSHS Aeds 71EXE FAdulzsd
AAglel, B3] e HIEF23] oldhe Ade
Ee uwse T vpAE YEHCE 3

—iN Nl

LA7Ie A& BAZL glda Btk asEE
NIOSHS] RWL, AL, MPLe} A3 71&=
A4S A 1T = fle Ergometertt
Treadmillel 2A% PWCHETR: E0l27] 24
o] EXS 7¢teta HiESo mE RAXE Y
3 Eds PWC, & EBo2el7] A9 PWC
(Lifting PWC)ol & 71&x71 ARl &
Zolc}. E0)2e]7] A% PWCE ergometert}
treadmill test®] A9 "F7HAE submaximal
test WHo2 ZAsly @A) ARt Ty
< EojgE]y] Aol 3t FHeE ke HT
o] Th& Aot}

B AYS Bl XY Haawds Garg
(1978) 2 Kim(1990)9] =dol o3t A was
Hlig 2w, AR FRA7F 2l oF A5
B} 1326-40.11% =A ekt o] A& o=
o Araw wdg 7] Ut AREENA HE
AF)EY EA1-o] vkn Bk BE £ Aol
AotE QeF AYPBI) o3 AFelmz &t
8 e gomg 33 A o] FFAd wE
1 2o g dig AH AASHPWC)

1} 2P| WE A4 data’t L7AL

B d3AmE vuFe NIOSH AAANE &<
o gureE A% e 73R E A
2 Aol oo W A AL ATETE
ol QEEAHFLENH AfHE 85FH B2
AAdAHE Soledl B Too] E Aol AL

2
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