Journal of the Ergonomics
Society of Korea
Vol. 18, No. 2 1999, 8 1

AATAHZA o] g
g4 Aol 47

A Study of the Effect of Work Frequency
on Physical Work Capacity
for Manual Materials Handling Tasks
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ABSTRACT

The objective of this study was to make comparison of the physical work
capacities(PWCs) for three different types of tasks. For this purpose, an ergometer
exercise, a treadmill exercise, and lifting activities with four different frequencies (2, 5,
8, 11 lifts/min) for the lifting range from floor to 76cm were considered. Oxygen
consumption rates and heart rates were measured during the exercises and lifting
activities,

The PWC values for ergometer exercise test was 2562.71 ml-Oz/min and the one for
treadmill exercise was 2874.89 ml-Oz/min, The value of lifting PWC increased from
1774.07 ml-Oz/min to 2296.76 ml-Oz/min as the lifting frequency increased from 2 to 11
lifts/min, The ratio of the lifting PWCs to the ergometer PWC increased from 69.36% to
89.77% as the lifting frequency increased. To the treadmill PWC, the ratio increased
from 62.21% to 85.24% as the lifting frequency increased. From this result, it appears
that the PWCs based on the lifting tasks rather than PWCs by ergometer or treadmill
exercise should be considered to determine the physiological criterion for safe weights for
lifting tagks. Therefore, the physiological criteria of the NIOSH Guideline should be
reexamined.
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AHEAFHF (MMH: Manual Materials
Handling Tasks)& 2gzte] A2 & vle
2 golu} Bo] gRES o]&5o ANy BUE
Eol &AW ditsle 9] AQ)E TEct A
A e B AAAENA A ¢tAst
A AFE FYE F UEE B2 FEAA 25
e Alxdta AR ofF €A AEEhe o
& ARoE A4, AX, EF(EF), ol d
EZNE YAAE S AAske A8 ER
o] A&da Y= Aotk 9%, 5Y, =7
A F F8 47 E.CE7MIMe 1Es AgiAs)
g 0.5%°1819 FE7MA Foli ot HZ B
3 Alelef] gt 9 R Fol AF A
7V FEeka 9lojA] ool Wt o] dge
% E.C Directive®4 Manual Handling
Operation Regulation(E.C 90/269, <134t
A4 173)& 1990d 59 29+& e, 4
o} Fojslo] 19933 1€ AAs%cl ECF
7V FlA A gl ¥e F39] F-ole AN
A9 o 34%7F UF2uk F FATF FFH 9
8 $AHT o, oHF Az ANE Y
AAEAE 8FAR F 45%9) A =F
2, %Y 55 AA A 30-40%B=E AR 3
1 e Aoz gHATARIMATE, 1997).

L2t A%, 974 2 FEAWRER, 2
A, 38%) Aet 267] ARA 1879369 & WY
o2 AERAE HAY FA #E - F(ow
back) %% %$%(67.8%), AM%¥9 EF
G1.7%), %9 $F549.7%), €28 5%
(33.3%) % 50%°l%el &tF 2 EHA 3%e
489, ool wet 97d 4~5¥ WFFEAY
Abst 1670 A1 A 19367 (7™ 40
A, 2%Q% 13.589) 9 d3 FF=FEAAYE
AFLe] AR3AR A A3 89, 5% 4E 2
A7 AYS A de EFAYY FA

ZFEL 2t o) BAE QHEASF 9
3 944 (69.1%)¢] 8%, 2%F 5 <+IFA
A& Bk WA, AlgRelAM Bt} B& A}
DEL oz AuURAE AAded 2ZHA
AR R ANdele xFAEY H44E& AFE 9
otsta AT P& Aok & Aelgtn AR
G eFAAE, 1997).

AYEAHF diF ANFTH Aoz
€ 1A 47 Ee]l 3450l 23 gk

AR, £Xde] SPHIA EAS AT
Qe (EH8)H A2 (Epidemiological
Approach).

A, AAelv TE71F AA AZWAL o
A RAFS Z12E § Ay A7
(Physiological Approach).

AR, AA (53], &35 L5/SDd FrHHe
%4 (Compressive Force), 9% (Shear
Force) 5] AMR3E o] &3k PA 2 AF
" (Biomechanical Approach).

A, Fold FAPzystelA A B &
Y 5 9t AUFEE 2FE o, Algaee w
B A¥E B3t 7 A A A ¥ Ee=
TYE Adee AAAGA®H Ay
(Psychophysical Approach)°l 1v+(NIOSH,
1981).

oz HARAAETY(NIOSH: National
Institute of Occupational Safety and
Health) |4 1981 Y EAZR T U AF
A4 (AL: Action Limit), #th#]&%4 (MPL:
Maximum Permissible Limit) z28la 1991d
de olES FAE AXFHIA (RWL:
Recommended Weight Limit)& A&t 4l
AFQ v H=27t FAHR GEE A
AN £YY 5 e AAFE AAIAT
o] ¥ NIOSH®| FAANES #IRUNA &4
4 F Ue7tE gotrr) f3) a+277} ¢Ry
2 duk A=A HIdyel g HH &

o &£ Mo
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2% (MAWL: Maximum Acceptable Weight
of Load)el] digt A7A(o]&4, H3Y,
1995; AA%, 21%7), 1997) 9 A A%
(PWC: Physical Work Capacity)el i@ |+
AR A, 23], FAY, 1996) A ¢
293} u]FQ AoldlE AlAFH wg Ao)7t
51914 NIOSHS 71&& @5oAl 2= AL
FH7ldle Be7t geng w4o] Wascin
Ak

NIOSH Guideline® A#&d 71&EX+
Ergometer %% Treadmille] 2A% A4
458 71%22 8t 23y, Khalil &
(1985), Fernandez % (1987), Kim(1990)< &
HEAHFA AY4 AY5EE Ergometert
Treadmille] 8% 424 AgYegdErt 1 A4
EAd g A3 AYgeHd 2AE Folof &
o3 FABA.

2 d379 ERL AAA AAd#E
(Ergometer, Treadmill, Lifting)el =& Az
A AYSHES vla - BASY ol F 8%e
271 Adl Wad 7 & e de A
A A eAE AAES AHERHFA PAFE
AR %1, AAd A8 (&% Hazard) & 71
A g HAEE 44 A7 71ERARE AN
gzt @t

2 afdae At A A7E i
lojx e} AAe] RrlEe A vl
HeAog Arnsie ouA g 2AT 43
AQEE oo wg AYA A2)A 71EAE 4
At e Rolvh AL A 7Y
e B¢t A Azl A4 WA gtk
Aol gzEte], oz AR are FAA
AEE g7 =9 AIAA FHEe 2B

F22 & F itk =28 wEch AUy o
e YA Adess FHsL, o AYF
ol oty AL AAN] A3 ALAEF
(Vor: oxygen consumption rate), ¥¢ E&
AAurES (HR: Heart Rate) 9 22 3RE ©
£k Aolth, 2&F o]4% AYE FAYY
Adold 289 A&FHQ 5L A e AuA
4% 8784 B3, ol8F I&EF] /Y
Z71942 288 o B A4aE dUsE A
HBg old ua v Be Ydo| 2HLoE 52
A gt zeez o3H TEY A4EE W
L TR 93 AnsE 424 nFH HYEA
of ok & & U, AEHoE AehRIFE
S8 g R A A¥UA Aot
(NTOSH, 1981).

duwid oz gelA AL A 71 o)
#0] AgJHste] W AhivFa} oo 2
g AYIARH ] gl 2dFE 3a, o2
g HAusdue AdirikvFE TR
QYA AY%Ye 23] A3t bt 9w
o2 A4 FYREde ¥HE Bicycle
Ergometers} Treadmille] 213 2 #3o] 3l
T, ¥ Arm cranking, 23 o2& FA A
£3= Ergometersol it 2#u 22 A H
Yolg} ¥NA= AL (D4 P 954
u) HALE(RPM), B3 &= zeil 7
Atz mE 234 FHo|zt itk dE &Y,
Bicyle Ergometerel &% Azd AL
Treadmillel] 2J§ Z-$2 88 8~96%e @At
(Astrand and Rodahl, 1986; McArdle %,
1991; 9A14 %, 1996). 223 Bicycle
Ergometerd] W3lei= &HR3AE FIHAT|E
o] wat o 10% A=Y o)zt AATH(EA
F %, 1996). olg 2o AAFAA A
wt A2A AYEgd Aozt sle AR ve
g 917 Wi o AR s B
ZFoz ARE AUsld daNE B =do] 5
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o] o AFAAe gut¥ ez Bicycle
Ergometer$} Treadmill® Al o1 gich
A EBEAHFL Bicycle Ergometeryt
Treadmill ZAg3= w§- ot P9 jolm
2 oldf dig AzA AL AYBAHF &
¥ A Hake Aol uigd & A
e F30] @] dFHL vk (Khalil %,
1985; Ayoub and Kim, 1988, Fernandez
5, 1990),

€ AT JHEAHTA 7 AAFHA
Fap7h %ol Zele o897 Ay QA F
%9 (Lifting Physical Work Capacity) & 1
g Baa o 2y o7)exe EAYL
Bicycle Ergometertt Treadmille] 21§ 23
AYFYL JHEZ(RPM), €3v &5, 74
To wet 2FHL Aol7t YA dhte] hEH
o J4 FFdoz ¥HY 4 glo} So&
27] A e A e 9P Gy
AlE & 7] g shte] tEH Solar)
3gie] A2A AYgee e AR} 7HEEA
grie Ao, a¥ER $4 Y Wiwd wdd
Agd AYedE pEstn 33 AYulESd
0E 9%e Rty FYAL F o ®2E
o] He FAYVRS Eo&Er] AYE 433k
9] HlEgd wet B3RS dhe AL ndjs) £
T g Relth

Ayoub¥} Mital (1989)& 315 8AIZHE: &g
o AelA AelE A sHe 33%E FA Yolok
3, ARy JEXR AihrBFo| dale
1000 mi-Qz/minelsl, «dzl= 670 ml-Oz/min
o3& AR E#, AFuEsE 110 WA
115bpme Z#3}2] $=E FH39} (Snook

and Irvine, 1967). 7|3 NIOSHY] #F&A 9}
AR GAA NN = AegH 71EN2A b
22% 700 ml-Oy/min 1000 ml-Oz/ming
23R Y= Atach 199139 B4 A
AFFUAANE YLl 71EAE A9 27)
Eo|9 APYA T wel 440~940 ml-Oz/mine
23314 FxE AasAd.

3. &E | Uy

# Ao A¥ERE e 2o Ay
o AEELe AU &EE 23C+3E #AE
1, FE€ 50% T ASdw Agsigch 1
21 AYgAe wiee HHI vldezA Ao
Bo] g1, vldee] F& wigeg gk Al
e 58I} Wy $53E AHENL, &
ol&de A ARYR gt Fo] Sof
28 4 e HUFFSE 383, Bicycle
Ergometer, Treadmill, £0]&€¥7| (2% 2, 5,
8, 113]) Zddl g Aeld AYsys $33
Atk

3.1 mjeExiol My

A - A71A G A 27 689 A A
2ol A¥d Wi 494 $gA28 22
AL, 715 el Wt W AP A
Adsta, QS A e £EE
I +EHE AL F oL dig 3
SEAYE 7MY 42aRd S A9 o)
Fauid g A3 7143, &Fold dig

H 1. DR UNS AR

HI(AN) AEHem) HZ(kg)
o 203 172.8 68.8
EEHR 1.86 6.35 1.70
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A EAREA AYuled fg A4 Agyyd 97 5

ez AutAe A& g ALBR
o tal S0 e I 4A AP 3
e A% 2 8o £¥719 ASVIR 148% A
Pack A4YA 639 AAFYAEe & 1)
A,

3.2, N#I|7|e) T4

2 A7E A9 4971719 AL oA diat
% Z37) (Metabolic Measurement Cart/
System 2900), AAE4 5§77] (Heart Rate
Monitor), Ergometer, Treadmill, #%/d#,
g, 372 A

3.2.1, ollix| chAlz: 37|

B Ao AgA¥e wet ARARFE F
A7l 98A nl= SensorMedicsAte] VA
A E 237 (MMC: Metabolic Measure-
ment Cart/System 2900) & AH&-83ich.

3.2.2. MHt7(Heart Rate Monitor)

u|= SensorMedicsAte] SaO:2(Sat-Trak
Pulse Oximeter)¥ oUWA|dAESA7)9 A2
5ol Finger Sensortt Ear Sensor& |83l
AR, E 28 Frb. X, EEPHE
o 5%, 15%, 302 ©HE ZHo| 7%5H
POLAR VANTAGE XL Heart Rate
Monitor (Model # 145900) 7} AH8-=I i},

3.2.3. Bicycle Ergometer

Ergometere ©l= SensorMedicsAtel
Ergoline SMC (800S) Ergometer®& AHS-3l51
. $%o2E Swatt, 25watt QR FH E
£ 22N ed, MMCME 98k 39
23 (Workload) & 25wattelA 3t 1000watt
AR FA=2 A2E & ¢ vk

3.2.4. Treadmill

Tradmill® MarquettAl®] Treadmill
Serise-2000°] AHEHRAY, HA&Ee 22.5
km/h, $RJdAdEe FYSZHEH 25.0%
grade7tA] 94202 AN 4= Sitt,

3.2.5. Eci(Lifting Table)

Al 712 150cm X AlZ 80cm x ¥l
76cms dtgich AL AR HELn, A
7t &3 0]A] G s Pt

3.2.6, XM Container)

£0128)7] AYE A% A9 SRR
o HnE & vlFeA P dirE e AR
 AAE Adgayct. 27 7H2 45.72cm X
A2 30.48cm x ¥°| 30.48cm ©|i1, AMAL &
Be o] 4F A B Fo] IHAE o4
AAE Mt SFE 78] fElA WAl
2.5cmQl PVC mholZg 4AE 715 H&F A
& 2.5cm%! 1000g, 500g, 100g %< WAH
oz vjdde] B0 &dle AYA FA FAlel
F9d =% AT,

3.2.7. QS|
AR EHAEA S QA EHE A3l ohay
SEES PEREEEESUEEY

3.3 43 4y

483 2wy FFle ZA Maximal
test Submaximal test7} 313, Submaximal
testolle @239 4 (discontinuous method)
3} @439 4 (continuous method) ] %th,
gEAol whg e AQEFE WAL o FAA
74 FolN s dyleln, A5 WYL
A H3E WA o FHAIL 9ol (ZF 58
4) 9oz AYFEE F7MIIIE Wk
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(Astrand, 1986). ¥ 93t9M+ Submaximal
test] A4AQ AP o2 HAHANA 30%
HRR, 50% HRR, 75% HRRe| a)d3h= Y
HiE 47 583 Rrlae Ardngn 4%
HELE 23800, AYAAEYE B 3
A gsadne) HitiARSE 28 Az
A A5y & FP3A,

3.3.1, sttHoll BOIEE + U= HUHSY
(One Time Max)&%

g9e87] AN RiFFH(FH) Y 23 o
AYAY] AS HElA e HAE S0 &d
F v FFHE Lokt gt olAL HAHA
Hlxo] ue} Eol&elr] el AYeHE Hrt
e BeAY 8ioty, HAPAE Ale ¥
< AU=2 SR 1 ¥E o 34270 FAH
o} &2 o el AAjeigien], ¥
273 F 0% o8 FHE Ao Adert F
HAl AR Fok F- ThA] AA|BIT.

3.3.2. Bicycle Ergometere| 2|5
ERfiss SRy

Bicycle Ergometer®] 4=3 A58 S &4
&7] $3td 594 (F07], 194, 284, 394,
E)E ¥ Ergometerd £x&
50rpmE FA3FES diglen, Ev¥7)e 3%, 1
A= 583 30% HRRe #id3h= AdRsie,
23A = 583 50% HRRO #i3dske 2gEsl
2, 3dA+= 583 75% HRRol sldd= AR
32, 287 52 AN 2383 4ysigch

3.3.3. Treadmiliel d2iX Zgis2 234y
Treadmill®] AR AHsH e 3N A3
o 5GAZ Rl M7l 3R &% 2.0
km/h, BAE(%) 1.0% grade A3 239
€ N&se], 194 583 30% HRRe shdst
¥ AgRag, 294« 583 50% HRR 312

e AYFIR, A« HEL 75% HRRe &)
Fite APFIAR, HH7E 58T &£ 2.0
km/h, A= (%) 1.0% grade® AX 2387t
Adsigeh

3.3.4, E0122|7| =tJQ| MaN xiis
Euy

BolT7] A]dY Aela AYFHE 3
M e 2dAe] AEE AAEd, $4 Ramp
Incremental test& A%, o|& tA] 324
532 o] Step Incremental test® HAl5
o AEAH FPdsdLE FAY¥. Ramp
Incremental testl A& HAEH 02 (kgollA ¥
Z 2kgd FIHNTIRA AAFH E 4R
g3 AARETE AU, AANFFL
30% HRR, 50% HRR, 75% HRRel #|33h=
Ztzte] AYFFE FAHAE o] o, HAYA
o <kdE ## 3.3.1 Rl B02¥ 4 Y
AdF3e S o AFE o] Sojed
T e HdFHY o 5%E 2H3A] Y=E
dRnen, AeFer AYFHE TMe B
oA YA 2] FAE wIH FA 3G
&t} Step Incremental testolAlE 32A Y
AA 53 A EH) o wet B APy g F
Ak $H)7) 3EE 0kgoE, 194E HEL
30% HRRe s3ahe A15-312, 29A = 58
7+ 50% HRRe} #id3he 3¢i¥3tz, 394 5
£3 75% HRRA #%she AT, 387
© 58 Okgo2 A 233t 4¥eith

4. 28 ZAxt

A E0)2E 4 U HUFY] HEL
68.6kg (EFH 3}t 11, 0kg) olgdt. HA /Y
(Bicycle Ergometer, Treadmill)e] =z} 234
¥ A3 sy (B 29 89459 stk
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I 2, Bicycle Ergometer®t Treadmille] 421X s
HANSG
2l mioisE :
sreies oo Nl s
2 [mi-02/kg~min]
Bicycle Ergometer mean 2562.71 38.12
(BPWC) std, 200,71 6.61
Treadmill ’ mean 287489 4215
{TPWC) std. 34483 6.45
7 3, XML oE E0iEa)7] =Yg M2lH HYsH
. Sof2e| 5 Hes
(=]
HaRd 2 5 8 1
LPWC mean 177407 1977.76 2134.47 2296.76
LPWC [mI-02/min) std 133.63 120.90 151,37 188.68
&34 SAXMES LPWC mean 26,24 29.40 31.63 34.01
[mi—-0z/kg—min] std 3.63 473 474 5.02
PWCZ! | LPWC/BPWC 69.36% 77.38% 83.49% 89.97%
- LPWC/TPWC 62.21% 69.48% 7478%  80.32%

Bicycle Ergometers] &% Aeld 2]%Y
(BPW(C) & 2562.71 ml-Oz/min, Treadmille]
98 A”A FYFE (TPWC) 2 2874.89 ml-
O2/min & FH =T

Bicycle Ergometerd] AEd #HYFE &
Treadmille] & A AT 90.27%=
Uehd, 3% (t-test) & 2# RA7L gle
A2 ehdtht=1.82, P)0.064). T2}, #
A4E 1%AN4e fAA gtz & ¢ ok
Astrand (1986)+ Treadmill® 10022 & 2%
Bicycle Ergometer7t 92~96%, McArdle
(1991) & 88.8~93.6%, WA (1996) &
91.64%% Easided, £ 78RR )%
Ag A E BoF3 )

gol-2d7 A% A=A A%i%Y (LPWO)2
29 2, 5 8 1132 Bolgge U=/t 718
o wal 1774.07 ml-Oz/min®lA 2296.76 ml-
O/min® F7F1%42H, Bicycle Ergometerst
Treadmill®] 422 A5l tslo Him 3

W 62.21~89.97%= W=7t /K] we} F7t
& B2y

58 &
A AR FAGR¥Ee nE AEAH AYeHL
Bicycle Ergometer® 72+ 2562.71 ml-
Oz/min, Treadmillel i 73+ 2874.89 ml-
Oz/minR o™, Eoj&87] A ¢ Ae
A} wmgyt B 23N 1152 kgl o
2 1774.07 ml-Oz/min°lA 2449.21 ml-
O/min2 7} 39k E01&8)7] &de A=
A AN A Nxgrt £ 28004 113
2 Z71e] wat Bicycle Ergometerdl 9% 4
22 YT 69.36%14 89.97%=2 F7Ish
At} Treadmilldl &% 423 2AYeHol 3t
B &2 62.21%14 80.32% 2 F7Ht3i.
£0122]7] 249 AeEA A¢sHo| Bicycle
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Ergometert} Treadmillel <13 423 A%
gro @ 3T Jepled oAL Ayt
Ad 299 gAZ 49715 FARG $44
o2 A olfret A ¥ vk xH
Bicycle Ergometert} Treadmille] 23t teste
A&AQ HaE we W, Bojgrl A9
A+e BogRle ARIR A Alelo} ZAAtet
e AlZte] gl A3 RaE ¥ Yeve
AE OE olf71 8 F Sitka ¥k

NIOSHS| H5dA s} Hhs&A wE A
f8A 71EAe 42 700 ml-Oz/min% 1000
ml-Oz/minel®], 1991de] ERe AZFLYA
o A 7EX = Bolge)y] ARiY 2] =
o)} AJA|1Zte] whet 440 ml-Oz/minolA 940
ml-Oz/min2A FPulesd FACl 43
e AHEigt QHEAZFY HAHEEE 2
A7l A A J1EXE Az #
Ao, 58] W& NES(23) o3 AL ¥
< Nxse] A rAiAE dEHCE AHE
AlZleks AL FA7F doka 24,

a¥ B2 NIOSHS 83 71EA e 3w
T48 AE 238 4 ¢+ Bicycle Ergometer
U Treadmillel 2A% A&l Ageyrce
Bolge)7] Aol BAS tala Wissd o
2 BAAx wd BUg A A5y, &
2o&e)7] Ae A AT e 7
ANE qEEe] old wWE HAo] Agdrin B
o,

I B dFeRdAe 41 FguEd o
g 5ogelr] Ade 484 AQlweve 1y
}7] W] APl whg dukAQ] AH¥
& 1A%, Rdddiq ¥ A7HAZ n8d
Aolt}, EF B A7 FAYA ] MFe] 4¥
99 dx gty e gt FHHU] W £
AYel dFAA AA FEQA9 eF A%
HE dyditta Bolde 452yt & 5+ 8

th oz #4249 f39e] gl i

Ay Adsde 4] AAMe 4ds o
FE d¥T 22 diEttie] opd JAAY
FTAHE TAY BEAY ALEA g A7
7t 488 Aot}
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