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A Study of 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 &f-Oz/min and the one for
treadmill exercise was 2874.89 m£-Oz/min. The value of lifting PWC increased from 1774.07
mt-02/min to 2296.76 m£-O2/min as the lifting frequency increased from 2 to 11 lifts/min.
The ratio of the lifting PWCs to the ergometer PWCs increased from 69.36% to 89.77% as
the lifting frequency increased. To the treadmill PWCs, the ratio increased from 62.21% to
85.24% as the lifting frequency increased. From this result, it is 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 tasks.

Therefore, the physiological criteria of the NIOSH Guideline should be reexamined.

1. M =

9382433 (MMH: Manual Materials Handling Tasks)2 ZgAle] A28 ugoz
Eojy F9 AFEE o] 85 Fuy BUS S0 AY LulstE A9 YL wEg. A
AR E B AAASAA ARRn AASA ITE 598 5 UAEE B& BEgN 25
S5 Axsta YA, ofF Al AFsE o Ao AH, AF, EH(ESF), Avojo A
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EzRy QAAESE s AY AASGE AFEAFAF I AA Y T 1/3¢Y Aoz 3
s QIH(NIOSH, 1981). $2uete]l A 197239 ~1994 Atojo] 2 AF JFAAs|E AHud, 3
A% ¢4 A3 FoA 2AY AN 69%AE TAGE Ao vegn. AW ALAS B &
AA AHEAF T dF AP ns B 5 AW 219% A= A7 A & AL nAs
W, o 30%A =7 ol % AHEAFF A LAFHL Y AR YERGH(FEE, 1997).
AHEAHF N ARFHA AFPPo2ZE 4714 AFYHEo] AL 21 Y.
AA, EE¥Fde 2AIAZI 54L& A7 9FEEA)H A3 (Epidemiological
Approach).

24, AFoU 3F71F AAQ ARAGA dyA dAIFS 7Zlx2 @ Qs ANy
(Physiological Approach).

AR, AAES, 255 L5/Sd R7HE 4% ¥ (Compressive Force), @2 (Shear
Force)5 9 AAF3E o83 AAGE3 A4 (Biomechanical Approach).

s, Fold Az A ¢tASA Eo] &8 F A+ HUFT IS 23 w, AgdF29
e AHE T3 4 A AQA A F = ¥ S A dAHEH A
T4 (Psychophysical Approach)©] 9 tH(NIOSH, 1981).

o2 otARZAAFTYU(NIOSH: National Institute for Occupational Safety and Health)el A
= 1981 ABAEAFHFA WId FEFA(AL: Action Limit), H s &3 A(MPL: Maximum
Permissible Limit) 18] 3. 199139 0|5 AT AFFFFHA(RWL: Recommended Weight
Limit)& A A3 AAFHQA At s27F FAHHA G5 AAA AYS 3 £ U&= 4A
35S AABATG. o} NIOSH FHAXNES A0 A A8AA & JE71E dotwr] 9
3 A7dnst 43dn Ik AAMAHTA H2W P AF H 3§ FZFMAWL: Maximum
Acceptable Weight of Load)dl W& A-7d3(o]#A, ural4, 1995 F33, ZJ%17|, 1997)<} A
2 A 29 %8 (PWC: Physical Work Capacity)dl dig A3d3 (414 5, 1996)q] <9l3d =
A3} v FQA Alolej = AAsH 2 Aol7t oA NIOSHO 71& & gReAA 12 Ag 3
7ol F27t gemz nAol "W ddn FAd.

NIOSH Guideline?] A3 3% 71& X+ Ergometer? Treadmilldl 243 Aaj3d FAYsdL
N1Foz 9. 28}, Khalil 5(1985), Fernandez 5(1987), Kim(1990)2 <1aEx 7 FA A
23 2953 E Ergometertt Treadmille] 9 A3 APsgdng 1 APEAHA 2= A3
s 2AE Folof dvdx FFsU.

B odFe Bxe Aq7A 263 (Ergometer, Treadmill, Lifting)ol @& Ad 3 A%
S Bl - BAFte o]5F 0% A distd 71F A igddE 5 A= 493 LT
ANz st ol JAFEAHAA BAFE AdsA &2, AAd A (il Hazard)E 7
A 2 AT HAAL A% VIxAEE 88 F dE Aog.
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2. = =

2 AFAME F4AT AN ARE P QoA FAA] NAo] BisE= FYg g o
% BYHoR 2RFGE qUAFN 2AF 4PYA AYFAH olo] BE FAYA AYH 7ENE
dA3suz st Folg. AL FYL FYsE= F¢ AYA A A Yol 2y
g AHdel dZste], Joz QEAH g9 ZZPANRE A HA FYAA BHRHE ~E
4= €2 & & Yde =48 daEd. 4253 A7y e H24 AP L 257, o
Adsdd d2E= FAUS AAs7] Y5t 22T HY( Vo,: oxygen consumption rate), 8¢
T A3 ET(HR: heart rate)9} 22 S E o]&aE Ao, KL o]8F FPYL 3%
o X 2K A5 BFS AAAE AUALS 278A G, olad 25T 5o =}
HA S7MEE 2852 o 82 A48 98 3 HEZ oo wi ¢ Be o) 2Hoz
2/ d9. a23eg ol IF} AR AL Z%e ] ARHE N2AvFH NY
AA g F 5 Y. AEHOoT MAARFL ZTSo o KA FdFH NPYAA
S TH(NIOSH, 1981).

Ayoub¥ Mital(1989)& 35 8IS #AAFdl Ao Ae3 AYF A 33%2 dA o}
°f stv, A2 A 7EAZ Fr2RFo] FAE 1000 aL-0x/minol 3, == 670 aL-0z/mino}
stz ARZsAY. =, AN FSE 110 WA 115bpme 2 #3HA YL =2 32339 H(Snook
and Irvine, 1967). ¥|= NIOSH @AE A9 AU L FANME A QA 7|EANZA A2
AR 700 a2-02/min9} 1000 at-Ox/minZE 278 A G = Aotstdrt. 1991d RAH AF
FTFEAANNE B JEAE A 27] Eol9 FPAPol el 440~940 al-Ox/minE
23%35x G2 AasPrt.

3. &f Zulel wyY

2 AT dddRE g 2ol AFHAd. FPJPA L Ay LEE 23TH32 HYo
W, A= EEEF AW &ESE AHSan, UG vy, FojEo] gu wAHo| & )
g9 FAAzxzdoez o Lt AAE AFFoz FYT, S0 L= YYE vlFAA 76cmY
9. @ E9&E 5 Jdt AT FL 4383, Bicycle Ergometer, Treadmill, 0] &2 7] (&
9 2,5 8 113]) Ao A 423A AA5F L 233 A.

3.1 HaEHRe MY

MZ - 27179 A 2728 699 G4 dstdso] 4o I, APA WgAas
AR, AFYol AZpF o wE AAPANA AYstn, AMEHL A FQY. du
%%%ﬂ TEHE FEF F oY/ Add dF HEEFAEANNRE 3. Aar2rvF ZFJS
A3 v 2d 2o i@ A $Y 7193, &qold dF R YA I%5AEE dPd. I
@A A3l 5o TPE THA A4 FFAYS e AR} 2L 5o 2979 I%vE 149
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= AP, (4P 69 AAEALAAE= (F DA #o
(2 1) A43A AAEA

ZAFY A% (age) A Z} (stature) A % (body weight)
-y 20.3 172.8 68.8
XEHA 1.86 6.35 11.70

3.2. &lEII171e M
AR djrAtF FA 7], 4atA, Bicycle Ergometer, Treadmill, 244, A4d, AAZA 7]
2 34

32.1. YA diAF F A7
¥ AToA AYFEA w} FAARFS £A37]) AlA v3 SensorMedicsAo] ol 4 A
d A% 3471 (MMC: Metabolic Measurement Cart/System 2900)& A}£31g ).

3.2.2. A4tA (Heart Rate Monitor)
"] = SensorMedicsAt9] Sa02(Sat-Trak Pulse Oximeter)E oW X A3 =37]9 945 o)
Finger Clipe]} Ear Clip< °] 83t HAuts+E S48t . =8, RzFu|2 ] 5%, 15

%, 30x 995 FAo] 7} POLAR VANTAGE XL Heart Rate Monitor (Model # 145900)7}
AHE-5 o}

3.2.3. Bicycle Ergometer

Ergometert= 7| = SensorMedicsAl 9] Ergoline SMC Ergo-metrics 800S ErgometerZ A}-&
AT, FELEE Swatt, 25watt FHR F7 T 2L £ on, MMCoAME 98=
24 53 (Workload) € 25wattoll Al Hdl 1000watt7}A] £x12 AFzAdd 4 9.

3.2.4. Treadmill
Tradmill> MarquettAl 9] Treadmill Serise-2000¢] AlEH U, HALE+E 225 km/h, 5
AN = =G o2 RE 250% gradeZt A A& oz Mg g 4 Qo).

3.25. FJdi(Lifting Table)
ZddE 72 150cm X A2 80cm X ¥o°] 76cmzZ U, AAL IS Bsgon, F
Ad7t FAolRA FxF ddd] A,

3.26. %34 A (Container)
E9 £¥7] #F49 AAAYLE v[Zz5de] HAE 9§ uFoA 71F durFH o RolE=

AAE Adsgh. Z71E 7bZ 4572m X A2 3048cm X 9] 3048cm ol @, AP R
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8% Ur A Fol4As BEAY. #F 2 sasl AsM WA 25cmel PVC o] =
BAE 7S ALF AL 25cmQ 1000g, 500g, 100g &% S WAF Aoz W Asq o] &+
AN A FHol FUol RS A

fu

rir

3.27. QA=A
FAAGI AR AA £4L Aol vy AANZHAE Assto] ZHet,

3.3 &l Wy

AAA Q59 FAHoE AA Maximal test® Submaximal test7t A3, Submaximal
testell == @£ 21 %4 (discontinuous method)# A4 2 Q1 W9 (continuous method)°] U}, @
FHA UL AARHE WAL o FHAARS FolH == wyol A, A5ARA W=
AARHE AHAND o FAAN A A AR PP o)y s 7= o 589 3%
T Aoz AQREHE F74A 7= BHolH(Astrand, 1986). AT E A&4HA 29
RS AR, T ol 9HAQA ATwye AFYAZho] A L den, A4559 7
A&l vlste] Aad ARE A7) Y57 WEo|t. wetA), Submaximal teste] A&AQA 7
dA¥Mor IAAPANA 30% HRR(Heart Rate Range), 50% HRR, 75% HRR| 3 33l:= =9
ToHE 22 5RES Yt MxAnFgY AYuNESLE =489 A ARLN L F39 3
AAZREFLdq e AQA22RFe 2459 Ay Fguye F43 A (EA T Protocol &
Kim, 1990; R4 5, 1996. #Fx).

331. @Wd E0)€¥ 4 Y J )% F(One Time Max)% A
SUNRAN AAFFCsD) 2L AYAAS FAL YA dWo] Aoz Sojey
T AT TFE dobok @k o MUY NEd] o Sojeds] Ao FAEAL B

.L,d

stedl W59 fxelt. HAARAE AN Y& AU BHHA 7 UL oF 34273 S
B FFe odTa wuste ANsgon, #W 24 F 0% o4y FHL Hato Awi &
AN Yz Sole ¥ oA AAsdn

3.3.2. Bicycle Ergometer9] a3 #9532 =uy

Bicycle Ergometere] 2% 2¢152g SA487) Aste] 59A(EH 7, 194, 294, 394,
IHEDE UF AT, Ergometerd £ %% 50rpme 4552 st on, FhHl7= 38, 194 s
5¥Xt 30% HRRel] 33ste 2dW-ate, 29 A= 583 50% HRRO| | 3ats ANz, 394
T 5w 1 75% HRRO| 33t AdRstz, 5j87)= 5802 A 23587 A3,

3.3.3. Treadmill®] A3 Y5z =y
Treadmill?l 2% #AYTHE 2487 948t 5942 YA, Ful7ls 327 25 20
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km/h, A (%) 1.0% grade® FA3] 249 E A #A3e, 194 583 30% HRRA 3|3 st
FA sz, 294 = 583 50% HRROl slgsts Adyatz, 337 583 75% HRRl 3l3s
L Adnz, sHEVE 58 £5 20 km/h, AAE(%) 1.0% grade® AA 2387 AFstdch.

3.34. 2ol &7 F49 A9 Ay ALY

HzH oz OkgollAl B3 2kgB F7HANIIEA AJQFF d& L4 F 3N sTE 5
Asta, AAuE57F 30% HRR, 50% HRR, 75%HRRO) dl33sts z2tzte AQFIF S FAHs40.
o] o, MAA AL 93 33.1.(FWMe & 5 de HAANFTZF AU P 434 @
Hol 0128 = A+ AUFTF o 75%E xHA8A x5 dHQon, F3Hez AT IS
Z7HN7 = FAAA AAEA 29 dAE =7¥W FA FEdAT. FHl7] 382 Okgo g, 1
%A= 587 30% HRRel 3233t FAystz, 294 582 50% HRRA 33t Ad 532,
3dAl= 582 75% HRRl sl3ss AARaE, slE7le 53 Okgoe s HA 2383 2@
o).

4. &¥ 4%

Flol 50128 F U AU FTFY HAL 68.6kg(XETHA: 11.0kg)olAd.  ALEFF
(Bicycle Ergometer, Treadmill)el we} FAd A3 sy (X 2)d 8950 o
Bicycle Ergometero] 218 423 AY5H(BPWC)S 2562.71 al-0Oz/min, Treadmillel]l 2|3 A
23 2% H(TPWC)S 2874.89 at-Ox/min 2 FAHUG.

(¥ 2) Bicycle Ergometer?} Treadmille] A& A 52

- a9 A 53
AR R A E{/ﬁ]ﬁfﬁ
Bicycle Ergometer mean 2562.71 38.12
(BPWC) std. 200.71 6.61
Treadmill mean 2874.89 3551
(TPWC) std. 34483 6.45

Bicycle Ergometer® A2 % &% 8L Treadmilldl o3 A2 Y52 90.27% 3 e}
g, t- A (t-test)F AR FAR J+= Aoz UeEWtHt=1.82, P>0.064). 18y, #FooT
7%= o427 dohar & 4 Y}, Astrand(1986)F TreadmillS 10022 E 735 Bicycle
Ergometer7} 92~96%, McArdle(1991)2 88.8~93.6%, WA 4-(1996)+ 91.64% = K3 A=Hl,
B aAxAaas o9 fAe A#E BAFI Y.

Zol2#71&AY e YA AJFHAPWC)S B9 2,5, 8 1132 Eo &= Hwrt S7hg
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oA wel 1774.07 al-Ox/minol A  2296.76 #l-Oz/minE  F7}81 2™, Bicycle Ergometer 2}
Treadmill®] 22 A<F2o] Yate] nl A 62.21~89.97%= W=7t F71gel we 2713
< B
(£ 3) AN EFo BE So]2a7] 299 A2A 259
0297 Y x5

2443 2 5 8 11
LPWC mean  1774.07 1977.76 2134.47 2296.76
LPwe [m2-02/min] std 133.63 120.90 151.37 183.68
Z 3% | 99M%2 LPWC mean 26.24 29.40 31.63 34.01
[mt-Oz/kg-min] 4 3.63 473 4.74 5.02
PWCzt| LPWC / BPWC (%) 69.36 77.38 83.49 89.97
H] 5L LPWC / TPWC (%) 62.21 69.48 74.78 80.32

5. 4 =

A7 AAGdel g P83 5L Bicycle Ergometer?] 7 2562.71 a£-O:/min,
Treadmillol] ©}3%t 7 $ 2874.89 al-Oz/min%l 2.8, S0] &2 7] 2z o3 A= FY xS
3 2350 A 1132 Z718d wat 1774.07 al-Oz/minol A 244921 al-Ox/minZ Z7} &9}
01227 A9 493 AP Ay Mxsst By 231914 11812 Z718e) ne Bicycle
Ergometerel o/ @ 422 2059 69.36%AM 89.97%2 Z7159t}h. Treadmilldl < & L
A Agdsge] A gL 62.21%° A 80.32% = Z7}31 4},

=o1&8 7] Ado Aedy 2o Bicycle Ergometert}t Treadmillo] <} & 423 29
A0 2 gte AARAT AY 299 @A AA7] S ARG HHo2 A we o
w2 A & 4+ . =3 Bicycle Ergometert}t Treadmillol 9] & test: A4 29 2=

WE, 501297 A AeE S0 2HE Y FY Alo] FA el A= Ao g
E g of7 8 4 g B

NIOSH®] #E5dA e AdsgadAd B Mty 712x= 22 700 #t-O2/min%}t 1000
nt-Oz/min°l 9, 1991d°] M Ad AZFFaHA Mty 7z:3= =9&97] A9 27 =
°lsh A AN @2} 440 mL-Ox/minol A 940 al-Oy/minZ AN FYWNE5o] #A Qo] oY &
< AEEY. AAEAAF AAdFS sy g Moy NEAE AANESFo #A
Wel, 53 F& Mx5(28 o)ah)e AP e xS gy upRA = AdEHOE LA
A= AL FA7 Qdxn 2o,

4

rlr

ui‘.
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agez NIOSHY A#da 712A& JFQUESFE ds) 24T 5§ UE Bicycle
Ergometertt Treadmilldl 271@ 424 AYsdurhe Soedy] 49 54 ddsta 2
Tao Be RANE nAF 59 AN AQEY, F 2oLV A A AAS A
mg 71Z2Xg nede oo & BAel Yasuy .

2 oa7s HAdAe AHo] AR el ¢A Yoz FAHUY AE) 2 AW
A7 AH dxAe 4PA AYFAL WPIGT wyldE BEAYGL 2 5 A% 2R
2 8449 @399 xEA0] UF AN A AL FASY Ast= Pd3 GID A3
2 a3 getdwel obd AR wFAYL nHF PUNG ALAA dF A7vF WP
ol t}.

@
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