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ABSTRACT 

An exercise program wherein the body was not lifted against 
gravity was administered to 24 male college students. Oxygen 
consumption rates were measured during rest, exercise, and re- 
covery to resting levels. At no time did the oxygen consumption 
exceed that associated with "light" work, but for the n{ne min- 
utes of exercise, over five minutes were required for the return 
to resting level. There was no relationship between oxygen con- 
sumption and total body weight or surface area. 

E STIMATES OF LIFE  SUPPORT requirements for 
extended space missions are usually based upon 

energy expenditures of comparable activities in stand- 
ard gravity. Because most of man's work is performed 
in an erect position and against gravity, few of these 
activities are truly comparable. It is possible to make 
estimates of the cost of physical work in weightless- 
ness based on theoretical considerations and this has 
been at tempted for locsmotion. 12 However,  such con- 
siderations are themselves based on the phenomenology 
of standard gravity. 

It  was the purpose of this study to investigate oxygen 
consumption during activities performed in a manner  
which does not require that the body weight  be  lifted 
against gravity. Of secondary consideration were the 
relationships of total body weight, surface area, and 
oxygen consumption for the same activities. 

M E T H O D  

Twenty-four male college students served as subieets. 
Their  age, height, and weight were recorded and body 
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surface area then estimated from the DuBois and 
DuBois nomogram? ,7 Although body surface area is 
not as effective a reference standard for metabolic rate 
as total body weight, s,la,14,1r it was included bedalase 
of its common usage and because it might  be  more 
representative of body size than is weight  in activities 
where the body is not lifted against gravity. Oxygen 
consumption, measured by having the subject breathe 
through a Rudolph high-velocity light-weight valve 
connected to a Beckman F-3 Oxygen Analyzer, was 
recorded during rest, exercise, and recovery to resting 
level. Th e  Oxygen Analyzer was checked by  a factory 
representative before and after the collection of the 
data and was calibrated at least once each day of test- 
ing. There  were ten exercises in the program and each 
was performed twenty times. Exercises performed on 
the floor were on a segmented plastic-coated mat one- 
half inch thick and dance wax was placed between 
the mat and the tile floor. The mat was not fixed and 
the exercises could be performed with very little sur- 
face resistence. The exercise program is presented in 
the Figure. Resting 02 levels were recorded after the 
subject had reached a steady state for two minutes. 

In the statistical analyses, the five per  cent level of 
probabili ty was accepted as indicating statistical sig- 
nificance. 

RESULTS 

The  results of the collection of the data are pre- 
sented in Figure 1 and Tables I-III. Th e  basal calorie 
consumption as predicted by the Harris-Benedict 9 
method was 79.0 kcal /hr  and by the method of Booth- 
by, Berkson, and Dunn, 4 82.6 kcal/hr.  A comparison of 
these and the observed supine rate revealed significant 



OXYGEN COST OF WORK WHEN BODY NOT LIFTED AGAINST GRAVITY--PIERSON AND RICH 

differences (F  = 58.4 with 2 and 69 dr.) and Tukey's 
procedure for comparing individual means in an an- 
alysis of variance is indicated that this was because the 
observed rates were lower than predicted. There  also 
was a significant difference in the O2 consumption 
rates during resting supine and resting sitting ( t  = 
2.62). The O 2 consumption rates for each of the exer- 
cises were compared by  analysis of variance and sig- 
nificant differences were found (F  = 48.9 with 9 and 
230 dr.). Tukey's procedure revealed that the rates for 
exercises 1, 2, and 3, as a group, were lower than that 
of exercise 4, which in turn was lower than the remain- 
ing exercises. There was no significant correlation for 
the mean exercise O2 consumption rate and total body 
weight ( r =  0.31) or body surface area ( r =  0.10). 

DISCUSSION 

Generally speaking, O 2 consumption rates of less than 
0.4 L /min  are associated with sedentary activity and 
rates of 0.4 to 0.8 L /min  with light work. z Despite 
the vigorousness of certain of the exercises, none could 
be considered as eliciting an O: consumption rate  as- 
sociated with even moderate work. For  comparison, a 
treadmill walk of 1.73 mph on a ten per cent grade con- 
sumes oxygen at the rate of 0.85 L /min  and one of 3.5 
mph on an 8.6 per cent grade, 1.9 L/min .  5,15 Note- 
worthy, however, is the fact that for the nine minutes 
of exercise, more than five minutes and 1.74 liters of 
oxygen were required for recovery to the normal rest- 
ing rate. This debt  is superimposed on subsequent ac- 
tivities and should be an important  consideration in any 
attempt to estimate life support requirements for ex- 
tended space missions. 

Bevegard, Holmgren, and Jonsson 3 and Holmgren, 
Jonsson, and SjSstrand 1~ noted that the 02 consumption 
of their subjects in the supine position was higher than 
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Fig .  1. O x y g e n  c o n s u m p t i o n  d u r i n g  rest ,  exerc i se ,  and r e -  

c o v e r y  t o  r e s t .  ( N = 2 4 )  

predicted by the Harris-Benedict method. Apart  from 
the fact that their data were  obtained during heart  
catheterization, there is no ready explanation for the 
difference in results. 

The  nonsignificant correlations noted for 02 con- 
sumption and weight or body surface area are in con- 
tradiction to those noted for work in the erect position, 
but  were not entirely unexpected. 1,s,tt,16 Wyndham and 
his co-workers 19 have posited that, "If the task is such 
that body weight is not lifted against gravity, then the 
oxygen consumption of the heavier man and the light- 
er man will be similar." 

For the population represented by the sample and 
under the conditions of the study, the following con- 
clusions appear  justified: 
1. Indirect  calorimetry of work performed in the erect 

position does not reflect the 0 2 consumption or 02 

TABLE I. OXYGEN CONSUMPTION BEFORE, DURING, AND AFTER EXERCISE 
(LITERS PER MINUTE) 

Resting Supine Resting Sitting Exercise 02 Debt Exercise + Debt 

Mean 0.198 0.224 0.546 0.338 0.446 
S.D. 0.043 0.058 0.067 0.057 0.060 
kcal/hr 57.29 a 64.92 a 158.01u 97.96b 135.06b 
btu/hr  227.4 257.7 627.3 388.9 536.2 

a. RQ = 0.82 
b. RQ ~ 0.89 

TABLE II.  OXYGEN CONSUMPTION OF EXERCISES (LITERS PER MINUTE)  

Exercise No. 1 2 3 < 4 < 5 6 7 8 9 10 

Mean 0.235 0.272 0.318 0.506 0.605 0.596 0.670 0.783 0.716 0.682 
S.D, 0.056 0.056 0.015 0.097 0.147 0.146 0.110 0.168 0.145 0.277 
kcal/hr 69.1 80.0 93+5 . 148.8 177.9 175.2 197.0 230.2 2t0.5 200.5 
btu/hr  274.3 317.6 371.2 590.7 706,3 695.5 782.1 913.9 835.7 796.0 

< significantly lower (P "< .05) 

Mean 
S.D. 

TABLE III .  ANTHROPOMETRIC MEASURES 

Age (yrs) Height (cm) Weight (kg) Surface Area (M :) 

20.6 180.36 77.71 1.98 
2.4 7.85 9.15 0.02 
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d e b t  of  t ha t  task  we re  i t  p e r f o r m e d  in a m a n n e r  
w h e r e  the  b o d y  w e i g h t  is no t  l i f t ed  aga ins t  g rav i ty ,  
a n d  

2. I n  w o r k  w h e r e  the  b o d y  w e i g h t  is no t  l i f t ed  aga ins t  
g rav i ty ,  t h e r e  is n o  cor re la t ion  for  02 c o n s u m p t i o n  
a n d  to ta l  b o d y  w e i g h t  o r  su r face  area .  
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