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 Cali, Colombia 

Summary. Physiological responses to exercise and anthropomctry were neas
ured in several groups of physical laborers. The groups included Colombian 
sugar cane cutters. sugar cane loaders and general farm laborers. In addition. 
migrant workers and civil service laborers from the United States were studied. 
The Colombian populations were generally shorter, weighCd less alld had less 
body fat than the United States groups. The nutritional state of the Colombian 
groups. as measured by the hematocrit, henloglobin. serum albumin and total 
blood protein, appeared normal. The aerobic power of the Colombian popula
tions was significantly larger than the United States groups. The larger aerobic 
power of the Colombian groups is probably related to greater physical litncss 
associated with the physical demands of their occupations. 

Key words: Aerobic power - Oxygcn consulption - Exercise laborers - An
throponletric measurements. 

Measurements of maximal physiological responses during exercise have become 
standard procedures in a number of laboratories throughout the world. Determina
tions of aerobic power have been made in children (Andersen et al., 1974: Shepard 
et al., 1969). sedentary adults (Andersen and Hlermansen, 1965: Michael and Ifor
vath, 1965). athletes (Costill et al., 1971: Cunningham and Eynon. 1973). various 
"primitive' populations (Rode and Shephard. 1973: Wyndham, 1973), and have 
becn used to evaluate coronary insufficiency (Rosing et al.. 1974: Yanowitz et al.,
1974). general physical fitness (Astrand and Ryhming. 1954: Shephard. 1966), the 
effects of physical conditioning (Cunninghan and Faulkner. 1969, Wilmore ct al.. 
1970) and as indices of work capacity (Davies. 1973: Glick and Shvartz. 
1974). 

Data on the aerobic power of ponulations representing the manual labor force in 
developing countries are limited (Wyndham, 1973). It would be useful to have addi

* Address for oflprint requests: Research Scrvicei151. Veterans Administration Center. Wood, 
Wisconsin 53193. USA 
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on the aerobic power or work capacity in populations wheretional information 
status, is more closely dependent on physicalproductivity, and therefore economic 

labor than ill more industrialized countries. 

I)uring tile past several years we have been studying laborers associated with the 

sugar cane industry in the Cauca Valley of Colombia, South America (Spurr et al.. 

course or these studies, general farm laborers in Colombia not asso1975). In the 
a group of American laborers

ciatcd with the growing and harvesting of sugar cane, 

ti.ropean ancestry and a group of Mexican-American migrant farm workers have
Of:" 
also been studied Ior comparative purposes. The data obtained form the basis of the 

prescnt paper. 

Methods 

were three groups ol' adult males from Colombia and two groups front the
I tie suhiject, for this stud\ 

28 sugar cane loaders and 
United States. Tle Colonlhial populations included 55 sugar cane cutters. 

%%orkersengaged in general farming. The two United States populations involved 20
IS agricultural 
NIitIw ikce Count\ civil serice laborers and 15 Mexican-Anerican migrant farm workers. The civil 

w rked at a variety ofltasks inctuding golf course mlaintenaice. snow shoveling. etc.
service lhles 

part of the harvest seawhile in Wisconsin during tle latterlw tiatigat workersi \ere studied 

United States done by the same investigators utilizing
i. studics in lonih and the were 


,,iill etlillpilillii. Ithe Illell reported ito the laboratory ill sall groups. All subjects %%ere gi\en I
 
leights and \%eights \%ere

orienlation to (icadilill \walling and the overall expermncntal procedure. 

dressed ill shorts. SkinhO mieasurentCllS \\ re Made ii1II'plicte at t'.Vo
iteasured mill ite sulbjects 

were uscd inl subsequent\aliessites, triceps alnd siiballular. using aILange skilnold caliper. 1lThe mean 


CIIculatious. 
 tlls\ density \%:Is calculatediusing the formulae of Pascale ,i al. ( 1956) and percent fat 

acco iint to Blro/ek el ail. (1965).
 
workers. resting 12 lead electrocardiogranis
Il [lie three populationts of, Colonllbian agriclltural 

tlLiltmeastirement were iecorded anld .1 11post absorptive VCntiS blood smllples were drawn Ior sibseit 

albumin levels.
of heglob1in. henllaociit total blood protein -iid serum 

\'ere Made On all groups. [ lieResting illeasiltlleltis ol heart rate. \etilatiolm and oxygem uptake 
of tile Balke and \\'are 1959) progressi\e treadmill test. 

Stress test procedule iuili/cd a niloditicationi 
.:t-.s \\alked at 3 or 3.5 llpb will

Follot\ing a 3 tin \warm up period at 3 iph and 2.5',. grade. tile stut 

grade chanee
, ii 2.5", e\er\ 2 nin until termination. According to a proposal by Ilalke (19741 the 

based on the heart rate du,'ing the varim-up period.
decision to s\alk the sulbjects at 3.1) or 3.5 iph was 

It"the leart late \\;Is less tIhan 12(1 beams/min, tile subject was exercised at 3.5 niph: if heart rate was 

120 beats'nit or liore, Subsequent exercise \w as pertoried at 3.0 miph. Tie general end point was 

the \walking speed despite strong encouragement.faItiguC. as C\ ideiced by the inability to maintain 

I leart rate. \citil;tioio aidLeexpired 1;as conenitrattnos were monitored during the second littite of 

ninites of exertioti. Ilard \ire chest leadsvaritous slblittail \%orkloads and dtring the last several 
record the heart rate. Minute \eiti lation wtsI(tV,) and (Grass or (ilsn recorders vert used to 

air \ere draw\n froim a1 lixing
mtieastured \sith a Parkinsotn Cowan CD -4 gas meter. A liquots of expirei 

chminlber \%ith oiled glass syrintges aid subsequently analyzed for oxygen aid carhohi dioxide concentra
gas mixtures as iderenees. Oxygention.- iith a Quitlltroni tas chroilmatograplh using saitadardiied 

colStilliptioni iS'11)) \\as calculated using standird open circuit procedures. 1 lie total work performed 

tiill 11Lad and Fox.subject \\eight (,NIalthesSwas calclatcd usiig tie parameters of" speed. grade. 
19)711. 

oariarce was performed (it group tetils. Where :i signilicalnt F ratio wasA ole l a tal'sis ol' 
ie \vhich group differencesotbered, IWbelikey IISt) test (Steel and lorrie. 190 0) was applied to detei 

are presentedwere stat istically sigiilicatt at die 0).05 level. Except where itidicaled otlerwise. the data 

aid staindard de\iiati0ns.as lIsllS 
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Results 

The age and anthropometric leasurements of the various groups are presented in
Table 1. The lowest values for height were observed in the three groups of Coloni
bian laborers and the United States migrant workers. The height differences anong
the Colombian laborers were not statistically significant. nor were the differences 
between the migrant workers. the sugar cane loaders and the general farm laborers. 
The United States civil service laborers were significantly taller than all of the other 
groups (11< 0.05). 

The mean body weights for the ihree Colombian groups are similar, although (he
differences between the cutters and the f'arm laboiers did reach st-:istical signili 
cance. Statistically. body weights of all of the Colombian groups were lower (/W 
0.05) than those of the two United States groups. The United States migrant workers 
also had a statistically lower (P < 0.05) mean weight than the civil service laborers. 
The calculation of the weight/height ratio suggests significant dilfcrences (1P, 0.)5)
between the Colombian and United States populations. while no significant differ 
ences \w'ere found betwcen the United State,- groups. 

The calculated fat percentages wvere similar lor lie loaders and cutters aLd \\cre 
statistically lower than the other groups. The V'alIes f'r the general farm laborers
and tile migrant workers 'ere also similar and \\ere statistically lower than the civil
service laborers. Body fat. no:mlalized for height (kg/ni). was lowest in tihe sugar 

Table I. Althropoineiri neasuIjrements 

Age Hgeight eight /Vighl Ilody fi [.eani body maiss 
tvrs) (Cm) (kg) height Wi') (kg/mt (kg) (kg/rn) 

okgmllp 

Sugar cneic loaders 
N -- 28 .s 33.1 165.1 60.3 36.5 9.9 3.6 54.3 32.8 

SI) 8.4 5.7 6.8 3.3 1.8 0.9 5.6 2.7
 
Sugar cane Cutters
 
A' 55 . 29.1 163.0 57.8 35.4 10.3 3.6 52.5 31.7

SI) 7O 6.3 5.5 2.6 1.3 0.6 5.4 2.3 

General firm 
laborers A' IS .x 25.5 164.8 61.4 37.2 11.6 4.4 54.4 32.8 

SD 4.5 5.0 9.9 5.4 3.1 1.8 7.5 4.0 

Utited~~.Suttes irot/).u 

Civil service laborers 
A' -- 20 . 27.4 175.0 75.') 43.7 15.2 6.6 64.2 36.6

SD 3.0 8.1 9.0 4.9 2.8 1.6 6.6 2.8 
Migrant workers 
N - 15 22.1 166.7 71.) -12.6 11.7 5.4 62.3 37.0 

SD 4.3 4.8 6.8 4.2 2.6 5.3
1.6 4.1
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Fig. 2 
lig. I 

colomhila groupsig. I. Ilood cliciitlry oI the variouTs 

exercise testFig. 2. 1'01:11 Nwrk perfoirmTed during treadmiill 

cetic workers. highest in the United States civil service laborers and intermediate in 

differences between 
the Colombian f'arm laborers and migrant workers. The 	 the 

did attaill 
were significant. however, all other differences

loaders tld cutlers not 

statistical signihcance. 
as percent

Analysis of" the calculated mean lean body mass data. expressed both 

or kg/in. indicates tlhat tile Colombian populations have values that ;ire significantly 

• 0.05) thal the United States groups but nt difflerenl from each other. 
lower (P 

between the two United States 
There were no statistically significant differences 

glrou ps. 
Figure I. \Vith the exception 	of total 

The blood chemistry data is 	 shown in 
were observed among the Colom1bian groups on 

protein, no signific;lt differences 

the various blood measurements. The total protein levels of the general farm laborers 

those of' the cane loaders or cutters. 
were significantly higher than 

are shown in Table 2. The highest mean
The maximal phvsiolloical responses 

values Ior maximum heart rate were observed with the civil service laborers (198 

by tile migrant workers (192 beats/ini ) alnd the general farm 
beats/nuin) I'ollowed 

were observed with the sugar cane 
lab!irers ( 19) beatsinlin). The lowest mteani values 

182.5 beats/min. respectively.mean values of 18 1 andloaders and cutters with tlhe 
0.05) than all of the other groups but 

These latter values w\'ere statistically lower (P ' 
the general Farm 

were not statistically different I'roni each other. The vlutes fr 

the migrant workers w\,ere statistically lower than those of the civil 
laborers and 
service laborers but not different from each other. 

exercise, shown in Table 2. range be-
The mean ventilations dturing mlaximal 

wereonly statistically significant differences 
tween 106 -120 I/min (3if PS). The 
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Table 2. Maxinal physiological responses 

I leart rate 
(beats/inin) 

I, H-IPS 0I"O,-STPI) 
(I ujnin()(I m 

IW-STP) 
uikg . 

min ') 

0, pulse 
(ilbeat) 

I", equi 
talell 

(I 100 cc 

ColombiaHIIfll rou% 

Sugar cane 
loaders .N I 1.0 111 1 2.)71 4).0 16.4 .1.0 

SI) 10.4 20.12 0.47.1 7.2 2.4 0.6 

Sugar cane 
cUtle's .X 182.5 106.52 2.,3.1 -15.3 1-1.7 3.8 

SI) 10.3 21.21) 0.36(1 4.7 2.2 0.7 
General liarm 

laborers X 190.2 105.)(, 2.70.4 .1,.1 14.4 3.9 
St) 6.6 17.9) 0.479 3.') 2.8 0.6 

U'niht'd ,%'htc ,rupq 

Civil service 
laborers X It),.O IIJ.67 3.018 3,).8 15.0 3.9 

SI) 8.1 20.7) 0.4-18 5 5.1 2.6 0.7 

Migrant 
workers N 11) 1.9 100.30 2.858 40.9 14.7 3.7 

SI) 10.2 21.83 O.AS0 7.0 2.5 1.4 

between the civil scrvice laborers and the other groups. Larger ventilations are gen
erlly associated with the anthropometric characteristics of height and weight. When 
ventilation was normalized for height I /)in there were no signifcant differences 
amiong in of' the groups. 

The mean aerolic iower appears to separate into three "strata". The ncan v'alue 
observed with the saL-ar cane loaders was significantllv higher (' < 0.05) than all of' 
the other groups. The cutters and Colombian farm laborers had sliglitlv lower values 
but were not statistically different f'rom each otlier. The lo,vest 'alties were observed 
in the migrant morkers and civil .,ervice laborers. The mean values for the 'atter two 
groups were not statistically different from each other. 

The highest mean oxygen pulse was observed with the sugar cane loaders. This 
value was significantly higher (' < 0.05) than all of the other groups. The oxygen 
pulse For the remaining four groups ranged between 14.4 15.0 mIl/beat and no 
significant differences were observed between these groups. The values lor ventila 
tion equivalent at ("O,max were generally similar for the various groups with only 
the difference between the migrant workers and the sugar cane loaders attaining 
statistical significance. 

The total accumulated work for the various groups is shown in Figure 2. The 
sugar cane loaders achieved the largest total work (13491 kgm ). This value was 
significantly larger (/ . 0.05) than all off tle other groups with the exception of the 
sugar cane cutters. The work output of the cutters was significantly larger than the 
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remaining groups. Ile values for the farm laborers and civil service laborers were 

int signilictTtly diflfereult. All groups had statistically higher (' ., 0.05) values than 

tite IlliglraItworkers. 

Tn cotllml:t the of our subjects with previously reported data the 
relationship beCx el treadmill grade and oxygen uptake 'A as determined for 24 sub

jects \who salked at 3.0 mph. These data are sho\xn in Figure 3 along with data 
reported by Ilo\ ( 1974). The calculated rCresion lilies are \er similar. 

I)scussioll
 

( 4wtlh .alldbody size may be determiled or modified by a variety of'factors includ
ing ethnic background a1d tntritional state (Guinotan. I96: \"erulhesc ct al.. 1969). 
The highl meatsutretiments in our groups appear to be related to ethnic background. 
The tallest iarotp+consisted of civil service laborers. illtse subjects \vere Caucasians 
,itlh a I tuopetI ancestry. The height data for the tnirtnt orkers and the Colom
biatlpopillatioTn werc similar. In addition, the heights are vcry similar to data re
ported b\Viteri 1971) I'or males corsideredGuatemalan to be in good tiutritional 
slttc. 

The bod\ weight measurements separate into three dix isiots. The values for tile 

tilre ('ololibi: grotIps are similar to each otier and It)values reported by Viteri 
(1971 otrwell t1oturi,hCd (hatcralani males. \Vhen the hcightt\weiglt ratio is calcu
lated, tie Colombian grou1ps again hav very similar values. [The mnM valucs are 
almot1st identical to those reported by Viteri (1971) Cor well nourished military service 
cadets and supplenenited farm workers. The height,'\\eight ratio for the two United 

States groups are similar to each other. 
The calculated perceIt flhtof dif'ilrCit l) ulatitls varies o\ Cra \ide range and 

isinlluenced primarilv by dietary patterns (Osam Md Ilolloszy. 1969) and activity 
levels (1*Iljorntorptlal.. 1973: Boileau et al.. 197). Plhysically actiVC po0pulations 

tend to have less botdy fat, wvith athletes engagi in strenuotus enduratice exercise 
having very low fat levels (Costill et al.. 1970). The lower fat values observed wvith 



Aerobic Pokwer of ILaborer, I 7'? 

the sugar cane workers reflect in part tle strentuous delmainds of their occupational 
tasks (Spurr et al.. ill press). The groups work at about 35"'' of their n1iaxiIIal osyt 
uptake approximately 8 hdLv sear round. The losser I'at \allCs n1a\ also reflect 
dietary intake, since tile caloric intake for the sugar cane cutters \as estimated to he 
similar to their daily caloric expenditnre (Spurr et al.. 1975). The percentaoe I'it 
observed w,'ithl the generad Iirmlaborers ild IMigrant workers are similr to ,alties 
reported for I'air, laborers II kai et a!.. 197 1). The \alue obscrsCd with the civil 
service laborers is similar to dltl generlll relorted I'or the Amcricl dCe W(*ostll 
t al.. 1971 ). I hcse d.lata stuggcst that the occlpitional demands of1this gro,,p ire not 

sullici.nt to idluce i signilicant reduction in adilpOsity.
A re\ie'v of the reuSlets on lean hodv mass si ggcsts a separation hetmcil tile 

Colombian groups and tile I Jiited States grl'S. 1oth1 ill tetlnis Of total I.N! an1d 
hl1M/i. the Colombian grotps have lo.\\er \;lii,, than the UlIih.td StIes roUpS. 
The differences are probally due n0r to bOds si/ct anl the nutritioal staltC. 1his is 
Supported hy the ob~shrervation that the a1tio of I.NI to height is cry similar to tile 
data of Viteri (197 i) oit \ell uourislIed (;u;ltci;thl Suh.ects. 

The maximll hteart rates (Table 21 slmts the sui ar cane w\orkers to tme hoser 
values thlaii the other grotls. Several explantions for the signiticantl. h \er ' alues 
of'these two groups may he proposed: one possibilit, is awe. 1lie sugiar caite \workers 
w%'ere older than the Other olual';Itions (l;IlC I ) and a, reductio in muaxitall heart 
rate \ith atge has been reported (Astriluid and ROdathl. 1t)70). l lo \sever, on the basis 
of predictCd InMxiilml he:Irt rate the \alue, wmld he approximm;tely 187 heats miil 
10or the loiders Mnd I ibeats Mill fo0r tile Cutter:,., Aitthier CxphlnItiotilluv he 
dil''rences if, pi sical fitness is eh,. Iilathletes. iiiaxinal heiart rates tend to he lo\er 
al'ter trainim! (lhkhomi ct al.. 1973: lollock et al.. I99)L. allhomiwlt the dil'crience is 
eenerllvy small One coul a SlCculite tliIte\ didl 1i0t plsh themselves to 
maximal effort. this appears ,unlikelk in lidhit ol s\eeral ohsli.ations. lirst. the 
"(),miax attainl, by tI m: er1lolups w\as higher than the other groups anil the criterial 

for attitinilg I"0,max sre satisficiL IIaylor et al.. 1955). SecOdhls. It is aplparent 
from [pigure I that the total s ork ittaiitdl bV these tN o g'roUlS \s eit' ra yllsSi1ii 
cantly greater than time other ,uroilps. AfI'urther possible explanation nav be pres ions 
nuttritional status. Sludics on time el'cts (dacute have reported it relaf minlitritioiil 
tive brad\'c;irdi;l IKeys ct al.. ]99(t). Whether this plhentomena is exhibited :tt mnaxi 
mal levels of' \ ork liwis miot been established. While there was no e idelcc ol clinical 
malnutrition in these populations at time tlte of tie stud', the problem of" chromic 
malnutrition does exist in this ruraiI )opuLlation of ('iolotmbia anil the observatiols 
mas rellect a ma:in1i1estition oi' malutrition C;Ilier il life. 

The dillerences in maximal \etilations observed hCtw.een tile s rious group'1s in 
this study appeared to be related to differences in bods' si/c. When the ratio of 
maximal exercise vCntiltioll to il'Iv hlcight is cll<;lliltedl the s iues are iluiite siiilar. 
varying between - 068 I/rn.

T,.: maximal aerobic power isy fli\ as'i o'Ictors ieliiling' gellet\ yt01' 
ic ndovmenrt (K.IissoUras et ill.. 1973). nutritional state (lKeys et al. 191)). envirotl 
mental 'actors (l:Iaulkner et al.. 1968: lPuglh et al.. 1964). l)lysical fitiess lesels 
(Costill ci al.. 1971: Saltin et al.. 1968) miLd ue (Astralid and Rodalhl. 1970). Thle 
highest values are gencrally observed in etiduraitne athletes and a decrease is oh
served with age (Astrand and Rodahl. 1970). The vilufes ohserVed with the sugar 

http:UlIih.td
http:sullici.nt
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loaders are similar to data reported for other groups of physically-active popucane 
lations. as reported by Wyndhaim (1973). The aerobic power of the loaders is signifi

groups in this stud'. If one applies an1age correction.cantly higher than the other 
are also tIle oldest groupthe dillerenlce would he increased further, since the loaders 

stldied. ';le VALIes olser\Ved for the sugar cane cutters and the Colombian farm 

laborcrs, while lower than hllose seen with tIle loaders. are also Venerally typical of 

xorke s in physically denaldinlg occupations (Wyndham. 1973). The lean Values 

are slightly higher ulian values reported by Viteri (1971) for nutritionally supple

luClteCd 'arni laborers ili (iamtmala.
I lie acrobic p~mcr of' the other grolls aver'ages about 40 ml/kg • min I. Since 

Iliesc group, are generally yotnger, the lower acrolic pOwer is probably related to 

ponrcr plhyical Iitless Ic\Cls. This may rellect the level of occupational elort and/or 

tle :lcti\ it v IroIleCs dturino their leisure. We \%ould SpeculatC that the occupa1tional 

deIands of*laborcr- eilgged in ci, il sc'r ice occupations in tile United States are not 

[Iie reli\clx low acrobic power of tle ligrint \orkcrs is pz/lina. This lay 

rCIeci in Ipmrt the scilSlal ittlre of tile oCCUpationls a11d. perhaps. a higher degree of 

ncchiaIltio/I thn that it ailable to tile Colombian \workcrS., Al1 sugar canIte cuting 

and hloadiII1 iSdone OV hand ill (Colomhia. The stnil" can' cuttlers averau 3.52 t of' 

sugar cane' per da\ (Spuiirr et il.. in press). while the loaders attain 9.70 t/day 
oproduicti'ity(unpukblisICd l;tal. WC iaxC no in'orniation on the 'ot the United 

Stales labu'crs. btt douht that the tasks arc as dCmanding as those otl' tiie Comb1ian 

situiar cane kw rkers. 
IIlie oxV cii pulSe. xxhiich p)ro idC, an index of stroke volume (A.Strand and Ro

dahl. 197), fllowed the pattern obsCr'\ed for acro ic powe.r. Ilie highcst value was 

obsCri' ed \kith tihe hilders rcllcCtilg thCir high er aerobic pow0\Cr an1d lo\wCr a~illlaial 

heart r:te'. I his I, co iStetnt xxitll tile obsr,+ation that Stroke \ oluic is hidihcr in tile 

triIInCd state iSlltiu ct ;l.. INOS). 
I lie iotal xork pcrltbrnld geirallv fo\llowed the expected patterIt with the high 

est hCCl, attaineCd b\ tile troIIup with the largest acrobic po\,er. The major exception 

in tie poIpulation ot' iigrant workers. While their aCrobic pxC'r \as sniilar to that 

olt'the Uliited State" labors. tile toUtal x\orkload achi\d k:is iniicantly lo\\cr. 

)nte' ',ay Speculate that the type of' work pertormewd v migrant \workers. nallliv. 

pickitg \1itoIus crTS. IIav t01 eIhanllCC peripheral aidlltatioll t' the IL mtiSCtIla

ture: tlIertoreI thl erouIp would tend to experience lep itLu'sle fatig!u earliet. The 

spcciti t oh trailling on aerobic po\er OIrlenrtunscn and Saltin. 1969: Rode and 
ShiCplard. I L,3) ittitl oncellular adaptation has prcviouisly bCCn dutnCntCId (Biald 

win et ;l.. 973: iollinick ct al.. 197-0. 

Il sumtmllar'. the aerobic po\,r of the \ariouis groups appears cotisistelt with 

reported literature oil nonathletic Groups engaged in physically de, populatiotis. 

mtiditll" ocC titilS have I higher aerobic po\er thain those itxolx'ed in more 
sedentary tasks. 

.. l',lt, +l'h' 'lh l I \\;tS ',iippotttcdl inl Ip;rtl \ Co,,ntaci ;A M1 'SI) 294.3. \ill h ( )lOficeof]hi', \w, rk 

Ntitrition. ,\ flOFn< llernmllimonc),.\¢]1 li,:l. mild hv Vemt-rMIS A:\dnlilliMMaI101 Project No+. 8086" 

ll' ;tiitlhtirs \\ii It) ,\lprc, s t161 appiLCiatio t (.cCntral ('aStllha. Ltd.. Ctttu11hi:i. and he ('clrt 

Inlrinacimlt h.t .'\grictticu rlur I ropical fOr (lie .gncroui cuoperation CxCitCtd tt hitcim dtring ItiN SIIt 
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Summary. Physiological responses to exercise and anthropomctry were neas
ured in several groups of physical laborers. The groups included Colombian 
sugar cane cutters. sugar cane loaders and general farm laborers. In addition. 
migrant workers and civil service laborers from the United States were studied. 
The Colombian populations were generally shorter, weighCd less alld had less 
body fat than the United States groups. The nutritional state of the Colombian 
groups. as measured by the hematocrit, henloglobin. serum albumin and total 
blood protein, appeared normal. The aerobic power of the Colombian popula
tions was significantly larger than the United States groups. The larger aerobic 
power of the Colombian groups is probably related to greater physical litncss 
associated with the physical demands of their occupations. 

Key words: Aerobic power - Oxygcn consulption - Exercise laborers - An
throponletric measurements. 

Measurements of maximal physiological responses during exercise have become 
standard procedures in a number of laboratories throughout the world. Determina
tions of aerobic power have been made in children (Andersen et al., 1974: Shepard 
et al., 1969). sedentary adults (Andersen and Hlermansen, 1965: Michael and Ifor
vath, 1965). athletes (Costill et al., 1971: Cunningham and Eynon. 1973). various 
"primitive' populations (Rode and Shephard. 1973: Wyndham, 1973), and have 
becn used to evaluate coronary insufficiency (Rosing et al.. 1974: Yanowitz et al.,
1974). general physical fitness (Astrand and Ryhming. 1954: Shephard. 1966), the 
effects of physical conditioning (Cunninghan and Faulkner. 1969, Wilmore ct al.. 
1970) and as indices of work capacity (Davies. 1973: Glick and Shvartz. 
1974). 

Data on the aerobic power of ponulations representing the manual labor force in 
developing countries are limited (Wyndham, 1973). It would be useful to have addi

* Address for oflprint requests: Research Scrvicei151. Veterans Administration Center. Wood, 
Wisconsin 53193. USA 
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on the aerobic power or work capacity in populations wheretional information 
status, is more closely dependent on physicalproductivity, and therefore economic 

labor than ill more industrialized countries. 

I)uring tile past several years we have been studying laborers associated with the 

sugar cane industry in the Cauca Valley of Colombia, South America (Spurr et al.. 

course or these studies, general farm laborers in Colombia not asso1975). In the 
a group of American laborers

ciatcd with the growing and harvesting of sugar cane, 

ti.ropean ancestry and a group of Mexican-American migrant farm workers have
Of:" 
also been studied Ior comparative purposes. The data obtained form the basis of the 

prescnt paper. 

Methods 

were three groups ol' adult males from Colombia and two groups front the
I tie suhiject, for this stud\ 

28 sugar cane loaders and 
United States. Tle Colonlhial populations included 55 sugar cane cutters. 

%%orkersengaged in general farming. The two United States populations involved 20
IS agricultural 
NIitIw ikce Count\ civil serice laborers and 15 Mexican-Anerican migrant farm workers. The civil 

w rked at a variety ofltasks inctuding golf course mlaintenaice. snow shoveling. etc.
service lhles 

part of the harvest seawhile in Wisconsin during tle latterlw tiatigat workersi \ere studied 

United States done by the same investigators utilizing
i. studics in lonih and the were 


,,iill etlillpilillii. Ithe Illell reported ito the laboratory ill sall groups. All subjects %%ere gi\en I
 
leights and \%eights \%ere

orienlation to (icadilill \walling and the overall expermncntal procedure. 

dressed ill shorts. SkinhO mieasurentCllS \\ re Made ii1II'plicte at t'.Vo
iteasured mill ite sulbjects 

were uscd inl subsequent\aliessites, triceps alnd siiballular. using aILange skilnold caliper. 1lThe mean 


CIIculatious. 
 tlls\ density \%:Is calculatediusing the formulae of Pascale ,i al. ( 1956) and percent fat 

acco iint to Blro/ek el ail. (1965).
 
workers. resting 12 lead electrocardiogranis
Il [lie three populationts of, Colonllbian agriclltural 

tlLiltmeastirement were iecorded anld .1 11post absorptive VCntiS blood smllples were drawn Ior sibseit 

albumin levels.
of heglob1in. henllaociit total blood protein -iid serum 

\'ere Made On all groups. [ lieResting illeasiltlleltis ol heart rate. \etilatiolm and oxygem uptake 
of tile Balke and \\'are 1959) progressi\e treadmill test. 

Stress test procedule iuili/cd a niloditicationi 
.:t-.s \\alked at 3 or 3.5 llpb will

Follot\ing a 3 tin \warm up period at 3 iph and 2.5',. grade. tile stut 

grade chanee
, ii 2.5", e\er\ 2 nin until termination. According to a proposal by Ilalke (19741 the 

based on the heart rate du,'ing the varim-up period.
decision to s\alk the sulbjects at 3.1) or 3.5 iph was 

It"the leart late \\;Is less tIhan 12(1 beams/min, tile subject was exercised at 3.5 niph: if heart rate was 

120 beats'nit or liore, Subsequent exercise \w as pertoried at 3.0 miph. Tie general end point was 

the \walking speed despite strong encouragement.faItiguC. as C\ ideiced by the inability to maintain 

I leart rate. \citil;tioio aidLeexpired 1;as conenitrattnos were monitored during the second littite of 

ninites of exertioti. Ilard \ire chest leadsvaritous slblittail \%orkloads and dtring the last several 
record the heart rate. Minute \eiti lation wtsI(tV,) and (Grass or (ilsn recorders vert used to 

air \ere draw\n froim a1 lixing
mtieastured \sith a Parkinsotn Cowan CD -4 gas meter. A liquots of expirei 

chminlber \%ith oiled glass syrintges aid subsequently analyzed for oxygen aid carhohi dioxide concentra
gas mixtures as iderenees. Oxygention.- iith a Quitlltroni tas chroilmatograplh using saitadardiied 

colStilliptioni iS'11)) \\as calculated using standird open circuit procedures. 1 lie total work performed 

tiill 11Lad and Fox.subject \\eight (,NIalthesSwas calclatcd usiig tie parameters of" speed. grade. 
19)711. 

oariarce was performed (it group tetils. Where :i signilicalnt F ratio wasA ole l a tal'sis ol' 
ie \vhich group differencesotbered, IWbelikey IISt) test (Steel and lorrie. 190 0) was applied to detei 

are presentedwere stat istically sigiilicatt at die 0).05 level. Except where itidicaled otlerwise. the data 

aid staindard de\iiati0ns.as lIsllS 
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Results 

The age and anthropometric leasurements of the various groups are presented in
Table 1. The lowest values for height were observed in the three groups of Coloni
bian laborers and the United States migrant workers. The height differences anong
the Colombian laborers were not statistically significant. nor were the differences 
between the migrant workers. the sugar cane loaders and the general farm laborers. 
The United States civil service laborers were significantly taller than all of the other 
groups (11< 0.05). 

The mean body weights for the ihree Colombian groups are similar, although (he
differences between the cutters and the f'arm laboiers did reach st-:istical signili 
cance. Statistically. body weights of all of the Colombian groups were lower (/W 
0.05) than those of the two United States groups. The United States migrant workers 
also hada statistically lower (P < 0.05) mean weight than the civil service laborers. 
The calculation of the weight/height ratio suggests significant dilfcrences (1P, 0.)5)
between the Colombian and United States populations. while no significant differ 
ences \w'ere found betwcen the United State,- groups. 

The calculated fat percentages wvere similar lor lie loaders and cutters aLd \\cre 
statistically lower than the other groups. The V'alIes f'r the general farm laborers
and tile migrant workers 'ere also similar and \\ere statistically lower than the civil
service laborers. Body fat. no:mlalized for height (kg/ni). was lowest in tihe sugar 

Table I. Althropoineiri neasuIjrements 

Age Hgeight eight /Vighl Ilody fi [.eani body maiss 
tvrs) (Cm) (kg) height Wi') (kg/mt (kg) (kg/rn) 

okgmllp 

Sugar cneic loaders 
N -- 28 .s 33.1 165.1 60.3 36.5 9.9 3.6 54.3 32.8 

SI) 8.4 5.7 6.8 3.3 1.8 0.9 5.6 2.7
 
Sugar cane Cutters
 
A' 55 . 29.1 163.0 57.8 35.4 10.3 3.6 52.5 31.7

SI) 7O 6.3 5.5 2.6 1.3 0.6 5.4 2.3 

General firm 
laborers A' IS .x 25.5 164.8 61.4 37.2 11.6 4.4 54.4 32.8 

SD 4.5 5.0 9.9 5.4 3.1 1.8 7.5 4.0 

Utited~~.Suttes irot/).u 

Civil service laborers 
A' -- 20 . 27.4 175.0 75.') 43.7 15.2 6.6 64.2 36.6

SD 3.0 8.1 9.0 4.9 2.8 1.6 6.6 2.8 
Migrant workers 
N - 15 22.1 166.7 71.) -12.6 11.7 5.4 62.3 37.0 

SD 4.3 4.8 6.8 4.2 2.6 5.3
1.6 4.1
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TOTAL WORK 
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Fig. 2 
lig. I 

colomhila groupsig. I. Ilood cliciitlry oI the variouTs 

exercise testFig. 2. 1'01:11 Nwrk perfoirmTed during treadmiill 

cetic workers. highest in the United States civil service laborers and intermediate in 

differences between 
the Colombian f'arm laborers and migrant workers. The 	 the 

did attaill 
were significant. however, all other differences

loaders tld cutlers not 

statistical signihcance. 
as percent

Analysis of" the calculated mean lean body mass data. expressed both 

or kg/in. indicates tlhat tile Colombian populations have values that ;ire significantly 

• 0.05) thal the United States groups but nt difflerenl from each other. 
lower (P 

between the two United States 
There were no statistically significant differences 

glrou ps. 
Figure I. \Vith the exception 	of total 

The blood chemistry data is 	 shown in 
were observed among the Colom1bian groups on 

protein, no signific;lt differences 

the various blood measurements. The total protein levels of the general farm laborers 

those of' the cane loaders or cutters. 
were significantly higher than 

are shown in Table 2. The highest mean
The maximal phvsiolloical responses 

values Ior maximum heart rate were observed with the civil service laborers (198 

by tile migrant workers (192 beats/ini ) alnd the general farm 
beats/nuin) I'ollowed 

were observed with the sugar cane 
lab!irers ( 19) beatsinlin). The lowest mteani values 

182.5 beats/min. respectively.mean values of 18 1 andloaders and cutters with tlhe 
0.05) than all of the other groups but 

These latter values w\'ere statistically lower (P ' 
the general Farm 

were not statistically different I'roni each other. The vlutes fr 

the migrant workers w\,ere statistically lower than those of the civil 
laborers and 
service laborers but not different from each other. 

exercise, shown in Table 2. range be-
The mean ventilations dturing mlaximal 

wereonly statistically significant differences 
tween 106 -120 I/min (3if PS). The 
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Table 2. Maxinal physiological responses 

I leart rate 
(beats/inin) 

I, H-IPS 0I"O,-STPI) 
(I ujnin()(I m 

IW-STP) 
uikg . 

min ') 

0, pulse 
(ilbeat) 

I", equi 
talell 

(I 100 cc 

ColombiaHIIfll rou% 

Sugar cane 
loaders .N I 1.0 111 1 2.)71 4).0 16.4 .1.0 

SI) 10.4 20.12 0.47.1 7.2 2.4 0.6 

Sugar cane 
cUtle's .X 182.5 106.52 2.,3.1 -15.3 1-1.7 3.8 

SI) 10.3 21.21) 0.36(1 4.7 2.2 0.7 
General liarm 

laborers X 190.2 105.)(, 2.70.4 .1,.1 14.4 3.9 
St) 6.6 17.9) 0.479 3.') 2.8 0.6 

U'niht'd ,%'htc ,rupq 

Civil service 
laborers X It),.O IIJ.67 3.018 3,).8 15.0 3.9 

SI) 8.1 20.7) 0.4-18 5 5.1 2.6 0.7 

Migrant 
workers N 11) 1.9 100.30 2.858 40.9 14.7 3.7 

SI) 10.2 21.83 O.AS0 7.0 2.5 1.4 

between the civil scrvice laborers and the other groups. Larger ventilations are gen
erlly associated with the anthropometric characteristics of height and weight. When 
ventilation was normalized for height I /)in there were no signifcant differences 
amiong in of' the groups. 

The mean aerolic iower appears to separate into three "strata". The ncan v'alue 
observed with the saL-ar cane loaders was significantllv higher (' < 0.05) than all of' 
the other groups. The cutters and Colombian farm laborers had sliglitlv lower values 
but were not statistically different f'rom each otlier. The lo,vest 'alties were observed 
in the migrant morkers and civil .,ervice laborers. The mean values for the 'atter two 
groups were not statistically different from each other. 

The highest mean oxygen pulse was observed with the sugar cane loaders. This 
value was significantly higher (' < 0.05) than all of the other groups. The oxygen 
pulse For the remaining four groups ranged between 14.4 15.0 mIl/beat and no 
significant differences were observed between these groups. The values lor ventila 
tion equivalent at ("O,max were generally similar for the various groups with only 
the difference between the migrant workers and the sugar cane loaders attaining 
statistical significance. 

The total accumulated work for the various groups is shown in Figure 2. The 
sugar cane loaders achieved the largest total work (13491 kgm ). This value was 
significantly larger (/ . 0.05) than all off tle other groups with the exception of the 
sugar cane cutters. The work output of the cutters was significantly larger than the 
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remaining groups. Ile values for the farm laborers and civil service laborers were 

int signilictTtly diflfereult. All groups had statistically higher (' ., 0.05) values than 

tite IlliglraItworkers. 

Tn cotllml:t the of our subjects with previously reported data the 
relationship beCx el treadmill grade and oxygen uptake 'A as determined for 24 sub

jects \who salked at 3.0 mph. These data are sho\xn in Figure 3 along with data 
reported by Ilo\ ( 1974). The calculated rCresion lilies are \er similar. 

I)scussioll
 

( 4wtlh .alldbody size may be determiled or modified by a variety of'factors includ
ing ethnic background a1d tntritional state (Guinotan. I96: \"erulhesc ct al.. 1969). 
The highl meatsutretiments in our groups appear to be related to ethnic background. 
The tallest iarotp+consisted of civil service laborers. illtse subjects \vere Caucasians 
,itlh a I tuopetI ancestry. The height data for the tnirtnt orkers and the Colom
biatlpopillatioTn werc similar. In addition, the heights are vcry similar to data re
ported b\Viteri 1971) I'or males corsideredGuatemalan to be in good tiutritional 
slttc. 

The bod\ weight measurements separate into three dix isiots. The values for tile 

tilre ('ololibi: grotIps are similar to each otier and It)values reported by Viteri 
(1971 otrwell t1oturi,hCd (hatcralani males. \Vhen the hcightt\weiglt ratio is calcu
lated, tie Colombian grou1ps again hav very similar values. [The mnM valucs are 
almot1st identical to those reported by Viteri (1971) Cor well nourished military service 
cadets and supplenenited farm workers. The height,'\\eight ratio for the two United 

States groups are similar to each other. 
The calculated perceIt flhtof dif'ilrCit l) ulatitls varies o\ Cra \ide range and 

isinlluenced primarilv by dietary patterns (Osam Md Ilolloszy. 1969) and activity 
levels (1*Iljorntorptlal.. 1973: Boileau et al.. 197). Plhysically actiVC po0pulations 

tend to have less botdy fat, wvith athletes engagi in strenuotus enduratice exercise 
having very low fat levels (Costill et al.. 1970). The lower fat values observed wvith 
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the sugar cane workers reflect in part tle strentuous delmainds of their occupational 
tasks (Spurr et al.. ill press). The groups work at about 35"'' of their n1iaxiIIal osyt 
uptake approximately 8 hdLv sear round. The losser I'at \allCs n1a\ also reflect 
dietary intake, since tile caloric intake for the sugar cane cutters \as estimated to he 
similar to their daily caloric expenditnre (Spurr et al.. 1975). The percentaoe I'it 
observed w,'ithl the generad Iirmlaborers ild IMigrant workers are similr to ,alties 
reported for I'air, laborers II kai et a!.. 197 1). The \alue obscrsCd with the civil 
service laborers is similar to dltl generlll relorted I'or the Amcricl dCe W(*ostll 
t al.. 1971 ). I hcse d.lata stuggcst that the occlpitional demands of1this gro,,p ire not 

sullici.nt to idluce i signilicant reduction in adilpOsity.
A re\ie'v of the reuSlets on lean hodv mass si ggcsts a separation hetmcil tile 

Colombian groups and tile I Jiited States grl'S. 1oth1 ill tetlnis Of total I.N! an1d 
hl1M/i. the Colombian grotps have lo.\\er \;lii,, than the UlIih.td StIes roUpS. 
The differences are probally due n0r to bOds si/ct anl the nutritioal staltC. 1his is 
Supported hy the ob~shrervation that the a1tio of I.NI to height is cry similar to tile 
data of Viteri (197 i) oit \ell uourislIed (;u;ltci;thl Suh.ects. 

The maximll hteart rates (Table 21 slmts the sui ar cane w\orkers to tme hoser 
values thlaii the other grotls. Several explantions for the signiticantl. h \er ' alues 
of'these two groups may he proposed: one possibilit, is awe. 1lie sugiar caite \workers 
w%'ere older than the Other olual';Itions (l;IlC I ) and a, reductio in muaxitall heart 
rate \ith atge has been reported (Astriluid and ROdathl. 1t)70). l lo \sever, on the basis 
of predictCd InMxiilml he:Irt rate the \alue, wmld he approximm;tely 187 heats miil 
10or the loiders Mnd I ibeats Mill fo0r tile Cutter:,., Aitthier CxphlnItiotilluv he 
dil''rences if, pi sical fitness is eh,. Iilathletes. iiiaxinal heiart rates tend to he lo\er 
al'ter trainim! (lhkhomi ct al.. 1973: lollock et al.. I99)L. allhomiwlt the dil'crience is 
eenerllvy small One coul a SlCculite tliIte\ didl 1i0t plsh themselves to 
maximal effort. this appears ,unlikelk in lidhit ol s\eeral ohsli.ations. lirst. the 
"(),miax attainl, by tI m: er1lolups w\as higher than the other groups anil the criterial 

for attitinilg I"0,max sre satisficiL IIaylor et al.. 1955). SecOdhls. It is aplparent 
from [pigure I that the total s ork ittaiitdl bV these tN o g'roUlS \s eit' ra yllsSi1ii 
cantly greater than time other ,uroilps. AfI'urther possible explanation nav be pres ions 
nuttritional status. Sludics on time el'cts (dacute have reported it relaf minlitritioiil 
tive brad\'c;irdi;l IKeys ct al.. ]99(t). Whether this plhentomena is exhibited :tt mnaxi 
mal levels of' \ ork liwis miot been established. While there was no e idelcc ol clinical 
malnutrition in these populations at time tlte of tie stud', the problem of" chromic 
malnutrition does exist in this ruraiI )opuLlation of ('iolotmbia anil the observatiols 
mas rellect a ma:in1i1estition oi' malutrition C;Ilier il life. 

The dillerences in maximal \etilations observed hCtw.een tile s rious group'1s in 
this study appeared to be related to differences in bods' si/c. When the ratio of 
maximal exercise vCntiltioll to il'Iv hlcight is cll<;lliltedl the s iues are iluiite siiilar. 
varying between - 068 I/rn.

T,.: maximal aerobic power isy fli\ as'i o'Ictors ieliiling' gellet\ yt01' 
ic ndovmenrt (K.IissoUras et ill.. 1973). nutritional state (lKeys et al. 191)). envirotl 
mental 'actors (l:Iaulkner et al.. 1968: lPuglh et al.. 1964). l)lysical fitiess lesels 
(Costill ci al.. 1971: Saltin et al.. 1968) miLd ue (Astralid and Rodalhl. 1970). Thle 
highest values are gencrally observed in etiduraitne athletes and a decrease is oh
served with age (Astrand and Rodahl. 1970). The vilufes ohserVed with the sugar 

http:UlIih.td
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loaders are similar to data reported for other groups of physically-active popucane 
lations. as reported by Wyndhaim (1973). The aerobic power of the loaders is signifi

groups in this stud'. If one applies an1age correction.cantly higher than the other 
are also tIle oldest groupthe dillerenlce would he increased further, since the loaders 

stldied. ';le VALIes olser\Ved for the sugar cane cutters and the Colombian farm 

laborcrs, while lower than hllose seen with tIle loaders. are also Venerally typical of 

xorke s in physically denaldinlg occupations (Wyndham. 1973). The lean Values 

are slightly higher ulian values reported by Viteri (1971) for nutritionally supple

luClteCd 'arni laborers ili (iamtmala.
I lie acrobic p~mcr of' the other grolls aver'ages about 40 ml/kg • min I. Since 

Iliesc group, are generally yotnger, the lower acrolic pOwer is probably related to 

ponrcr plhyical Iitless Ic\Cls. This may rellect the level of occupational elort and/or 

tle :lcti\ it v IroIleCs dturino their leisure. We \%ould SpeculatC that the occupa1tional 

deIands of*laborcr- eilgged in ci, il sc'r ice occupations in tile United States are not 

[Iie reli\clx low acrobic power of tle ligrint \orkcrs is pz/lina. This lay 

rCIeci in Ipmrt the scilSlal ittlre of tile oCCUpationls a11d. perhaps. a higher degree of 

ncchiaIltio/I thn that it ailable to tile Colombian \workcrS., Al1 sugar canIte cuting 

and hloadiII1 iSdone OV hand ill (Colomhia. The stnil" can' cuttlers averau 3.52 t of' 

sugar cane' per da\ (Spuiirr et il.. in press). while the loaders attain 9.70 t/day 
oproduicti'ity(unpukblisICd l;tal. WC iaxC no in'orniation on the 'ot the United 

Stales labu'crs. btt douht that the tasks arc as dCmanding as those otl' tiie Comb1ian 

situiar cane kw rkers. 
IIlie oxV cii pulSe. xxhiich p)ro idC, an index of stroke volume (A.Strand and Ro

dahl. 197), fllowed the pattern obsCr'\ed for acro ic powe.r. Ilie highcst value was 

obsCri' ed \kith tihe hilders rcllcCtilg thCir high er aerobic pow0\Cr an1d lo\wCr a~illlaial 

heart r:te'. I his I, co iStetnt xxitll tile obsr,+ation that Stroke \ oluic is hidihcr in tile 

triIInCd state iSlltiu ct ;l.. INOS). 
I lie iotal xork pcrltbrnld geirallv fo\llowed the expected patterIt with the high 

est hCCl, attaineCd b\ tile troIIup with the largest acrobic po\,er. The major exception 

in tie poIpulation ot' iigrant workers. While their aCrobic pxC'r \as sniilar to that 

olt'the Uliited State" labors. tile toUtal x\orkload achi\d k:is iniicantly lo\\cr. 

)nte' ',ay Speculate that the type of' work pertormewd v migrant \workers. nallliv. 

pickitg \1itoIus crTS. IIav t01 eIhanllCC peripheral aidlltatioll t' the IL mtiSCtIla

ture: tlIertoreI thl erouIp would tend to experience lep itLu'sle fatig!u earliet. The 

spcciti t oh trailling on aerobic po\er OIrlenrtunscn and Saltin. 1969: Rode and 
ShiCplard. I L,3) ittitl oncellular adaptation has prcviouisly bCCn dutnCntCId (Biald 

win et ;l.. 973: iollinick ct al.. 197-0. 

Il sumtmllar'. the aerobic po\,r of the \ariouis groups appears cotisistelt with 

reported literature oil nonathletic Groups engaged in physically de, populatiotis. 

mtiditll" ocC titilS have I higher aerobic po\er thain those itxolx'ed in more 
sedentary tasks. 

.. l',lt, +l'h' 'lh l I \\;tS ',iippotttcdl inl Ip;rtl \ Co,,ntaci ;A M1 'SI) 294.3. \ill h ( )lOficeof]hi', \w, rk 

Ntitrition. ,\ flOFn< llernmllimonc),.\¢]1 li,:l. mild hv Vemt-rMIS A:\dnlilliMMaI101 Project No+. 8086" 

ll' ;tiitlhtirs \\ii It) ,\lprc, s t161 appiLCiatio t (.cCntral ('aStllha. Ltd.. Ctttu11hi:i. and he ('clrt 

Inlrinacimlt h.t .'\grictticu rlur I ropical fOr (lie .gncroui cuoperation CxCitCtd tt hitcim dtring ItiN SIIt 
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