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1.0

INTRODUCTION

The objective of this analysis was to determine whether changes in
metabolic energy utilization occurs during spaceflight. The Skylab
biomedical experiments represented the most outstanding attempt to
gathar information regarding man's metabolic processes for extended
periods of weightlessness. Overall energy utilization was not measured
directly but could be interred from an energy balance (Figure 1-1) based
on caloric intake, excreted energy and metabolism of body tissues. The
purpose of this report is to assemble the data which was processed in
support of the analysis. A result of the analysis was a manuscript soon
to be published in the American Journal of Physiology: '"Changes in Meta~-
bolic Energy Utilization in Man during Spaceflight' (Rambaut, P, C.,
Leach, C.S. and Leonard, J.l.). No additional interpretation of the data
is presented here. This work is part of a larger integrated metabolic
balance analysis (Figure 1-2) which included analysis of Skylab water

balance, electrolyte balance, evaporative water loss and body composition,

Section 2.0 is a theoretical analysis of energy utilization in man,

The procedures for data processing, format of processed data and data
requirements were based on this analysis and are shown in Section 3. C.
The results of the analysis are presented in Section 4. 0 in tabular and
graphic format. These results are given as mean values for one or more
flights combined. Individual crew subject data is presented in the appen-
dix along with some further description of analytical techniques used in

the study.
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2.0 THEQRE7ICAL ANALYSIS
A) From whole -body energy balance. for a specified time interval, At
— * Xk
Efood = Eexereta + Ework + Eheat + AEtissue (1)
stored
where F'foo 4 - chemical eneigy derived from food consumed during At

excteta =chemical energy excreted in urine, feces, sweat, etc.

during At
Ework = mechanical work energy performed during At
Ereat = heat energy lost to environment during At

AEtissue = chemical energy stored in tissues during At
stored

B)  Food energy can be obtained from known diet constituents (protein, carbohydrates,
fats) and values for energy produced by 1 gm. of each constituent.

Etog = 21XCHO+ a,*FAT + a,* PRO (2)
where " a, = 4.182 Kcal/gm carbohydrate consumed

32 = 9.461 Kcal/gm fat consumed

33 = 4,316 Kcal/gm protein consumed

(* values from MacHattie, JAP (1960) pp. 677)
(¥* See Section 2.0, Part H for Deviation of Energy Equation)
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Values for Eex are not available at present time.

creta

Eexcreta may be estimated by assuming that a small fractien, y , of the

consumed diet food is not metabolized and is excreted,

y = _excreted ~ _Mass dry feces
food mass dry solid tood

Define n = efficiency of digestion and metabolism of consumed diet food

mass dry feces

=l-vy ®l- &% dry solid food
Then Eexcreta = yEfood
and
E|‘ood net Efood B Eexcreta = Efood - YEfood
= (1-vy) (Efood) = VEfood
or
Efood net = 7 ¢ 91*CHO + @ % FAT + a, % PRO)

(3)

(4)

(5)

(6)

(7)



C)

Chemical energy in the form of stored tissue may be determined from a mass

balance in which body mass (WGT)is a sum of the weight of water of the

body (TEBW) and the weight of dry tissue elements (TIS);

WGT = TBW + TIS

For changes in these quantities over a time interval, At:
ATIS = AWGT — ATBW

where A =(value at end of At) —(value at start of At)

Assume dry tissue weight is composed of the weights of three elements:
tissue (FTIS), protein tissue (PTIS) and major minerals (MIN).

TIS = FTIS + PTIS + MIN

and further that the minerals of major concern are the heavy minerals,
Phosphate (PHOS), Calcium (CAL) and magnesium (MAG), so that

MIN = PHOS + CAL + MAG

The changes in these quantities over the time interval, At,is given by
combining (10) and (11)

ATIS = AFTIS + APTIS + APHOS + ACAL + AMAG

RO S TS S

(8)

(9)

Fat

(10)

(11)

(12)



Combining (9) and (12)

ATIS = AWGT - ATBW = AFTIS + APTIS + APHOS +ACAL
+ AMAG (13)

Each of the quantities on the right side of (13) can be estimated from a balance
equation (except for FTIS) in which

BX = Xjet — Xurine — Xfeca’ (14)

= Change in body stores (massof X over the interval At.
where

x
Il

PHOS, CAL, or MAG (15)

APTIS (Protein balance) is obtained from diet, urine and fecal nitrogen using

the relationship

PTIS =NIT * 6.25

and
APTIS =6.25 (NITdiet —NlTurine —Nfecal (16)
AFTIS (fat balance) is not known directly but may be obtained indirectly from
(13).
AFTIS = ATIS - APTIS — APHOS — ACAL- AMAG (17)

Finally, the energy stored in (consumed by) body tissue can be found by assuming

energy deposits are located in only fat and protein tissues:

1l

AEtissue AEFat +AEProtein (18)

stored
Kcal Kcal
AFTIS X 9.461 gm at + APTIS * 4.316 Er-n_Wotein




D)  Analysis of Caloric Requirement

From (1) and (6)

Ework + Eheat = Efood net —AEtissue
stored
or
EReq = bE ngra??; zﬂ?\":fd = Efood net +AEtissue (19)
y y y consumed

The components of EReq should be compared between Preflight and

Inflight periods.

In order to make conclusinns regarding the caloric requirement nf weight-
less space flight, it will be necessary to assume that the woik performed
and heat lost by the crew in space was similar to that of the preflight
control period. Unfortunately the data supporting this assumption is

somewhat equivocal .

In addition, since work generating tissue (mainly muscle) may be decreasing
during flight, the caloric requirement may be less merely for this reason.
The values of Ereq should therefore be normalized on the basis of lean body

mass; i.e.,

]
Ereq = Ereq/Lean Body Mass (20)

v,
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E) Estimation of Lean Body Mass

Estimations of ‘:an body mass changes will be needed for the three one-month
inflight intervals. This data were not measured directly inflight. However,
there are three alternative methods for estimating lean body mass (LBM)

during the flight phases;

a)  From total body water (TBW)
(Ref: Johnson, et al., Nutr. Metabol. (1974).

LBMi = TBWi/O.73 (21)
where
= W o+ 2 W,
TBW, = TBW, + * TBW, (22)

i refers to the mean value during any of the specified

one-month inflight intervals, (i =1,2,3)

o refers to the dire:tly measured TBW during
preflight control .

TBWi is the average total body water change during each of the
inflight periods. It can be estimated from the water balance
analysis in which the mass balance equation has been adjusted
for skin losses to obtain agreement with directly measured TBW
(preflight) — TBW (postflight) changes. (See Section F.)
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b)  From total body potassium (TBK)

(Ref.; Edmords, et al, Clinical Science and Mal. Med. (1975))

ALBMi =ATBKi/KF (23)
where
3
TBKi :TBKO +2 ATBKi (24)
i
KF = average MegK+/Kg Fat Free Mass

and can be determined during preflight period from
TBD0 and LBM0 = TBWO/0.73.

Edmonds uses value of 65 and preliminary Skylab
calculations show KF =57.8 $2.26 (sd)

AT BKi = average TBK loss during each of the inflight periods.
It can be estimated from a K+ balance corrected for

meas ured K+ changes; i.e.,

ATBKi T KEiet = Kifine ~Kibeal ~ Kéiin

where

KgI-(in is estimated by comparing  ATBK (inflight) from

balance equation with that measured directly; i.e.,

+ + +

Kskin = K diet Kurine - Kfecal

(25)

— ATBK (inflight, direct)

M .
L e P T T P U PIOTE 1 ST A T
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¢)  From Nitrogen Balance
(Ref. Hegsted, Jri. Nutrition (1976))
3
LBMi a8 LBMo + X APTlSi/0.18 (26)

where

APTIS is the average monthly changes in body protein and
given by equation (16).

LBM0 = Preflight LBM measured by methods (A) or (B) above..

The nitrogen balance can be corrected for skin losses as was done
for potassium above by using

Nskin Ndiet - Nurine - Nfeces — ALBM{Unflight)x 0.18/6.26

(27)

where

ALBM (Inflight) can be obtained from method (A) or (B)
above.

il
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Estimation and Correction of Errors in Metabolic Balances

The most important information in this analysis is represented in Equations
(16)-(19). The errors associated with estimating inflight energy require-
ments (Ereq) are those associated with determining protein loss (APTIS,
Eq.l&6 ) and fat loss ( AFTIS, Eq. 17). As Hegsted has noted, in any
metabolic balance analysis the errors become more severe and more apparent
when average daily losses or gains are extrapc!ated over long periods of time,
These errors can be corrected to some extent, however, when independent
measurements are performed to determine changes in body composition. In
Skylab, some of these independent measurements have been accomplished.
With regard to the present analysis the following table lists the independent
measurements assnciated with each metabolic balance and it is suggested

these data be used to correct the metabolic balances whenever possible.

Metabolic Quantity Used Independent Data
in Daily Balance (Pre/Postflight)
Water ( ATBW) Total Body Water

Biosteriometric Analysis
Leg Volume
LBNP data

Potassium  ( ATBK) Total Body Potassium
Intracellular Water

Nitrogen ( APTIS) Total Body Potassium
Total Body Water

Phosphorus (A PHOS) None

Calcium ( ACAL) Bone Mineral Measurement

Magnesium ( A MAQG) Mone

The basic assumption in such a correction is that there is a systematic error
in the balance cquation which represents unmeasurced losses from the skin.

Thus, for a daily balance on arbitrary element X,

v
ey 3 R N kit 2
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AX = Xgiet = Xexcreta — Xskin (28)
Only the first two terms on the right have been measured on a day-to-day
basis. However, if the change in total body quantity of X is known
from direct preflight and postflight measurements (i.e., call this quantity
A X (Inflight,direct)), then we may write
b xskin =3 Xdiet "'2, xexcreta — AX (inflight,direct) (29)
where

IX = the sum of all daily inflight values
= (average daily value)x(days of mission)

=Xx N

Having computed ¥ xskin the average daily value can be found:

xski I =2 /N

skin
which can be used as a linear estimation of Xskin in equation (28).
Since values of AX are required only on a monthly basis it is recommended that

monthly average values be computed for each term on the right side of Equation
(28), rather than using daily values and averaging the resultant A Xi 's.

I Y L Nr T P e iar, ok
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E stimation of Errors in Computing Dry Tissue Weight

Calculation of the change in total dry tissue weight, ATIS can be found
from Equation (9). This involves using the quantities that compose the
water balance (i.e., water intake, urine, evaporative loss, etc.). A
more fundamental equation can be found by combining mass and fluid

balances as follows:

Gain in body water is given by:

ATBW =H,0 (intake) + H,0 (met) = Urine = H,O(fecal) -Evap (28)

2 2 2

Gain in body mass is given by:

AWGT =Food (dry) + H,0

20intake) = Urine = Urine(solids)

- HZO(fecaI) -~ Feces(dry) - Evap + 0, (intake)

2

- COZ(out) (29)

Subtracting and substituting into Equation (9)

ATIS = AWGT - ATBW
= Food(dry) = Urine(solids) —=Feces(dry) + 02(intake) (30)

~CO0 ., (out) = HAO(met)

2 2
02(intake), C02(out) and HZO(met) can be expressed in terms of weights

of carbohydrate, fat, and protein eaten according to well accepted stoichio-

metric relationships:

0, (intake), gms =1.429 (.829 CHO +2.019 FAT + 0.965 PRO)

2
CO2 (out), gms =1.977 (.829 CHO +1.427 FAT +0.781 PRO) (31)

H,0 (met), gms = (0.6 CHO +1.07 FAT + 0.41 PRO)

2

These can be substituted into Equation (20) and combined to give
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ATIS = Food (dry) = Urine (solids) - Feces (dry)
-7 (1.054 CHO +1.006 FAT +0.575 PRO) (32)

The digestion efficiency, n , is included to better estimate the

metabolized food components from the diet food values.

This equation demonstrates that the change in dry tissue weight does not
need to be associated with the random errors involved in measuring body
mass, water intake, urine volume, and evaporative water loss (as
suggested by Equation (9)).  The random errors in each of the terms
amounts to no more than several grams/day at most. Thus, ATIS should
also be accurate to a few grams/day. However, there is a systematic error
involved in Equation (32) that may be much more serious than any random
error. This is the failure to account for the solids excreted from the .skin
(sweat solids, sebaceous residues and desquamated skin) which, if known,
should be subtracted to the right side of Equation (32). Indications from
Skylab and other sources are that this error is of the order of 10-40 gm/day

which is extremely large compared to the expected value of zero for ATIS

under steady-state conditio:. *.
An equation for estimating this total dry skin loss (Mskin) can be obtained
as follows:

Subtract Mskin from the right side of Equation (32) and solve for its value
in terms of AWGT and ATBW as suggested in Equation (30).

M = ATBW — AWGT +Food (dry) = Urine ( solids)

skin
—Feces (dry) = 7(1.054 CHO +1.006 FAT +0.575 PRO)
(33)
Using the value of ATBW (inflight,direct) from isotope, dilution studies
and using total accumulative inflight values for all the other quantities for

each man, the resultant value of Mskin represents the subject's total skin

i ; _ I




losses for the entire mission. This value can then be dividaed by the appro-
priate number of days to obtain a linear approximation of th uaily or monthly
average skin loss.

16
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H) DERIVATION OF HUMAN WHOLE-BODY ENERGY BALANCE

Energy

—_ E Energy excreted in
- ofd Efood N e N excreta urine  feces, sweat
00 \
Energy \ —EF Epergy stored in
' Tissue
Stored o504 (1) | stored (2) '
in Tissue

/

Net Heat —_ / W Mechanical
Added to Qdded - \ performed Work Performed
System by System
From First Law of Thermodynamics
du = 5Q - oW
internal heat work
energy of added to performed
system system by system
or
Uz = U1 % Quied — Wperformed (1)
where U. = internal energy of system at start of process (i.e. beginning of
1
day ( 1))
= Ef od + E d (Assumes all food is presented at
° store time (1))
U2 = internal energy of system at end of process (i.e., beginning of
day (2))
=E + E .
excreta stored(2) (Assumes all food is consumed and
all excreta released by time (2))
Thus

performed Q. dded Bfood ~ Eexcreta T Estored(1) ™ Estored (2)

Let AE = E

stored stored(1l) ~ Estored (2)

= Net Catabolismif >0
Net Anabolismif < 0

I

; Wperformed"Qadded = Efood ~ Eexcreta) * OE (2)

stored



18

RH E

H

stored storage of many forms of energy

= heat energy (mass x Cp x Temp)
+ kinetic energy (Mass x Vel .2/2)
+ static electric energy (Cap. x Volt2/2)
+ potential gravitational eneray (mass x g)

+ potential chemical energy stored in high energy
bonds of tissue (AF =-=RTlInk) (3)

It is assumed that all except the last term (potential chemical energy of tissues)is
either negligible (i.e., static electric energy or kinetic energy) or does not change
significantly (i.e., true of heat energy if body temperature or mass does not change).
In addition, it is not necessary to have knowledge of the total stored energy in tissue

since the term in Equation (2), AEstored' refers to a change in tissue composition
and energy.

It may also be assumed the most important storage depot of chemical energy exists
in fat and protein molecules of tissues;i.e.,

AEstore = A Efat + AEprote‘:in )
where AEfat = energy derived from fat catabolism
AE .= energy derived from protein cata’olism
protein

Equation (2) can be rewritten

Etood = Eexcreta T Wperformed ~ Qgded ~ B¢y —AEprotein (5)
comsumed consumed
or
Efood = Eexcreta + Wperformed + QIost to +AEfat + AEprotein 6)
environment stored stored

This form of the energy balance illustrates that the chemical energy of food provides
all the energy needs of the body.
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DATA ANALYSIS PROCEDURE, FORMAT AND REQUIREMENTS

This analysis includes all nine Skylab crewmen, representing 3 crews
of 3 men each, who occupied the orbiting workshop between May 1973 and
February 1974. The first crew (SL-2) remained onboard for 28 days,
the second (SL-3) for 59 days, and the third (SL-4) for 84 days. In
this analysis of the data the missions have been divided into 28~day
periods. (Figure 3-1), The first mission has only one such period,
the second has two and the third has three, Data obtained on the last 3
days of the SL-3 mission is not included. The length of the preflight
period for the SL-2, SL~3 and SL-4 missions was 30, 20 and 26 days
respectively. Data from the first day of the preflight period is not i n-
cluded. The julian days used to segment these periods are given in
Table 3-1.

Changes in body composition and energy utilization in any particular
period is expressed as the mean value for all crewmen who contributed
to that period, (Tables 3~2 and 3-3). Thus a total of 9 crewmen were
involved in the preflight period as well as in the first inflight period,

six in the second inflight period and three in the third inflight period.
The means are expressed together with their standard deviation and
tests of significance (using Student t-test) involve a comparison between
inflight period and that preflight period involving the same group of crew

members.

The data required for this analysis is shown in part in Table 3-4.

Food energy was measured directly by bomb calorimetry as well as
computed from the carbohydrates, fat and proteins in the diet. Fecal
calories were also measured directly. Caloric value of urine excreted

was obtained from the energy content of measured urinary nitrogen.
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These data permitted a calculation of metabolic efficiency as well as
net energy derived from food. The waier balance data was taken
directly from the water balance analysis which has been previously
reported. This analysis required much additional data not shown here
such as urine volume, water in food, water drunk, fecal water, dry

fecal weight, etc.
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PERIOD

PREFLIGHT

INFLIGHT |

INFLIGHT I

INFLIGHT 1l

ENERGY BALANCE DATA ANALYSIS

TABLE 3-1: PERIODS OF ANALYSIS

{ INCLUDES ALL DATA
EXCEPT 15t DAY PREFLIGHT)

FLIGHT START DAY END DAY
SL-2 115 144
SL-3 189 208
SL-4 294 319
SL-2 145 172
SL-3 209 236
SL-4 320 347
SL-2 - -
SL-3 237 264
SL-4 348 375
SL-2 - -
SL-3 - -
SL-4 376 403

o

22

14 DAYS

30
20
26

28

28
28

28
28

28
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ENERGY BALANCE DATA ANALYSIS

TABLE 3-2 : DATA FORMAT

PERIODS
MAN PREFLIGHT INFLIGHT | INFLIGHT I INFLIGHT 11l
1 - - 0 0
2 - - 0 0
3 - - 0 0
4 X *sd - - 0
5 - - - 0
6 - - - 0
7 - - - -
8 - - - -
9 - - - -

AVG:
SEM: S

xt X

Each Element (9 x 4 = 36 elements) in table above bottom line represents the
mean ¥ sd of a data quantity (See Table ill)for ti, specified period. Each
period represents a series of consecutive days (See Tab.z |) each day of which
is associated with a data value for every quantity shown in Table t#l, Values
below the bottom line in table above represent the grand mean t 1 SEM for each
column.

o Ao -
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ENERGY BALANCE DATA ANALYSIS

TABLE 3-3 . DOY USED FOR ANALYSIS
(N = No. of days per subject in each peiiod)

24

PERIODS
FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT Il INFLIGHT 1l
L 115 - 144 145 - 172
sL-2 | 2
3 N=30 N =28
4
5 189 - 208 209 - 236 237- 264
SL-3 . N =20 N =28 N =28
7
g 294 - 319 320 - 347 348 - 375 376 - 403
SL-4 9 N =26 N =28 N =28 N =28
AVG:
SEM:
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-ENERGY BALANCE DATA ANALYSIS

TABLE 3-4 : DATA REQUIRED

Raw data listed below will be averaged according to format shown in Table Ii:

N

(o ¢}

10
11
12

13
14
15

16
17

18

Data Element

Calcium diet
Calcium urine

Calcium fecal

Phosphorus diet
Phosphorus urine
Phosphorus fecal

Magnesium diet
Maagnesium urine
Magnesium fecal

Potassium diet
Potassium urine

Potassium fecal

Nitrogen diet
Nitrogen urine
Nitrogen fecal

Daily body mass change

Daily water halance
(adjusted for agreement with
TBW direct measurements)

Daily energy derived from food

Source

SMEDEP data base (43)x
X L ) n (7)
Whedon data book

SMEDEP data base (49)
1] " 1] (6)
Whedon data book

SMEDEP data base (46)
" it " (5)
Whedon data book

SMEDEP data base (47)
1] il " (4)
Whedon data book

Whedon data book

Water balance analysis
using Whittle data base

* (No. in parenthesis refers to SMEDEP data base index)

s -
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4.0 ENERGY BALANCE ANALYSIS RESULTS

The analysis proceeded according to the theoretical treatment of
Section 2.0 and the format shown in Section 3.0. The sequence of

analysis was as follows:

a.) Assembleage of bomb calorimetry data (diet and feces)
averaged for each crewman in each flight period. Computation
of caloric value of food from known amounts of food constituents.
Computation of caloric value excreted in urine from known amounts

of urinary nitrogen. (See Appendix D.)

b.) Computation of metabolic efficiency from food and fecal calories
and mass. (See Tables 4-3 and 4-4.) Computation of net calo-
ric intake (diet - excreta). (See Appendix D.) Computation of
oxygen consumption and respiratory quotient (RQ) from dietary

constituents. (See Table 4-5.)

c.) Assemblage of mass balance data (body weight changes, body
water changes) obtained from mass and water balance analysis
for each crewman in each flight period (Appendix B). Computa-
tion of solid tissue losses (protein plus fat) for each crewman.
(Appendix B). Summarize partitional changes in total body mass

for all crewmen (Table 1-1).

d.) Computation of body protein changes from nitrogen balance.

Computation of body fat chanses. Computation of caloric con-

P tent of these metabolic changes (Appendix C).
4

e. Assemblage of metabolic balance data (diet, urine, feces,)

averaged for each crewman in each preflight or flight period.
This was performed for nitrogen, potassium, calcium, magne-

sium and phosphorus. The SMEDEP data base was used extensively

e e



f.)

g.)
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for this purpose as well as additional data from Dr. Whedon's
data base which was subsequently added to the SMEDEP data
base. (See Appendix F.)

Computation of net metabolic balance (intake - excreta) for each
of these body constituents as a function of mission length. (See

Appendix E and Table 4-2.)

Computation of potassium balance corrected for skin losses. This
analysis uses potassium balance and total body potassium data.
These values were used as an index of lean body bass changes
during flight and to normalize energy utilization with respect

to changes in bodv composition (Appendix A).

Summarize components of energy balance (food, excreta,
protein catabolism, fat catabolism) and net energy utilized
(Tables 4-6, 4-7, and 4-8 and Figure 4-1).

Hard copy microfilm plots of net energy utilization on a con-
tinuous daily basis for each Skylab crew and for all crews
combined (Figures 4-2 to 4-6). This analysis was performed
subsequent to the rest of the study and used the software

associated with the water balance analysis.
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TABLE 4-3

METABOLIC EFFICIENCY FROM FOOD AND FECAL (BOMB) CALORIES*

Preflight Inflight
Man Mean sd Mean sd

1 0.946 F0.046 0.958
2 0.950 0.959
3 0.950 0.958
4 0.957 0.959
5 0.954 0.948
6 0.954 0.948
7 0.949 - 0.950
8 0.953 0.967
9 0.960 0.955
.952 .956

F.004 + .006

=1 = fecal calories (bomb)
food calories (bomb)

Std. deviation of each value, Seff = J (1 - Eff) [é)_(_ ’2 + (;21)2]

X =food calories

*Efficiency

Y = fecal calories

:
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TABLE 4-4

METABOLIC EFFICIENCY FROM FOOD AND FECAL SOLIDS*

Preflight

Man  _Mean sd Wflight  Postlight
1 0.967 0.966 0.968
2 0.954 0.966 0.947
3 0.961 0.965 0.972
4 0.967 0.965 0.982
5 0.958 0.960 0.953
6 0.959 0.959 0.967
7 0.950 0.955 0.948
8 0.960 0.969 0.973
9 0.963 0.961 0.959
AVG. 0.959 0.963 0.963
SEM t0.006 ¥ 004 012

*Efficiency = 1= fecal solids

food solids

e
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TABLE 4-5

ENERGY BALANCE

Preflight Inflight
Subject VO2 RQ’ VO2 RQ
(1/min)

SL~2/CDR .36 .86 .36 . 89
SPT .39 .88 .87 .90
PLT .39 . 87 .35 .90
SL-3/CDR .36 .87 .35 .91
SPT . 37 .86 .35 .90

PLT . 52 .88 .48 .92
SL-4/CDR .40 .87 .41 .88
SPT .39 , 87 .39 .89

PLT .41 . 86 .42 .87

.40 +.87 L+39 , +90

AVG, + 8D -.05 Z.008 -.04 -0.015

CO2 produced from non-protein diet (liters)

RQ =

02 consumed for non-protein diet (liters )

= (.829 CHO + 1,427 FAT)/(. 829 CHO + 2. 019 FAT)
VO, = .95 (.829 CHO + 2,019 FAT + 0. 965 PRO)

)

¥
F
‘¥
2
i e

(O2 Consumption and RQ Calculated from Diet)

Postflight

VO2

.42

.37

.42

.38

.40

.53

.39

.42

.44

.42
-.05

RQ

.86
. 88

.88

.87
.85

.89

.88
.88

. 86

.87
-.01

33
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TABLE 4-6

Components of Energy Balance — Skylab Average
(Kcal/day)

Inflight Period

Energy Source or Sink 1 (n=9) 1i{n= 1II (n=3

Food Ingested

Control 2979 ¥ 358 3067 ¥ 411 3145% 54
Inflight 2770 £ 371 3115 % 589 8281 % 111
Shift from Control ~209 48 137
Feces
Control 143% 19 140 23 145
Inflight 19t 26 145% 33 147% 29
- Shift from CTontrol - 24 5 3
Urine
Control 126 25 127% 26 128t 11
Inflight 152 22 150 29 153 5
Shift from Control 26 24 25

Protein Catabolism

Control -86- 14 -85t 1y -75% 15
Inflight 47 18 - 6% 14 - 5% 36
Shift from Control 133 79 70
Fat Catabolism
Control 378 % 297 288 250 100 84
Inflight 188 £ 303 193 276 1171 132
Shift from Control ~190 -95 -98
Net Energy Utilized +
Control 3002 £ 312 3003 ¥ 268 2906 ¥ 69
Inflight 2734 ¥ 201 3006 ¥ 248 2088 ¥ 167
Shift from Control -268 = 161%* 3t 176 81 % 114
A% -8. 9% 0.1% 2,8%
Net Energy Utilized
/Eq. TBK*
; Control 834t 78 844t 85 831 % 39
Inflight 8071 61 895% 18 932 % 49
Shift from Control 27 ¥ 41+ 515 g6+ 1015 76
% -3.0% 6.3% 12, 4%

+ Net Energy Utilized = Food Ingested - Feces — Urine + Protein Catabolism ~
Fat Catabolism

* p«0.1
** < .05

rr T
3
_E
. .
v
3
E
¢
}
E‘
k
|
L
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Preflight
Control

SL-2
SL-3
SL-4

Skylab Mean

Inflight

SL-2
SL-3
SL-4

Skylab Mean

Shift from Control

SL-2
SL-3
SL-4

Skylab Mean

A%

SL-2
SL-3
SL-4

Skylab Mean
* pg.l

** p <.02
k¥ p <.01

ST e A

Saaimeh s st 4 AN

TABLE 4-7

Net Energy Utilized

(Kcal)
Inflignt Period

I (n=9 IL (n=6)
3001 t 457 -
3099% 383 3099 £ 383
2906 £ 69 2906 * 69
3002 ¥ 312 3003 £ 268
2724 % 321 -
2721 £ 229 3139 £ 307
2756 £ 66 2872 % 76
2734 ¥ 201 3006 248
-278 ¥ 146* 40 -
-378 T 207* 40 % 94
150 £ 31%x* -33% 39
-268 L 161%kx 3t 76
8,92 3, 71% -

-11.83 ¥ 5.84* 1.52 ¥ 3,36
- 5.15 % 1,01 ** -1.15%1.34
- 8.72 1 4,47 rxx -0.55% 3,23

35

I _(n=3)

2906 ¥ 69

2906 * 69

H

2988 * 167

2988 X 167

82 t 114

I+

82 = 114

2.79 ¥ 3.901

2.79%3. 91

T~



’ TABLE 4-8
f' t Energy Utilized/Body K.
+
(Kcal/day-Eq. body K')

)

' Inflight Period

, Preflight

| Control 1 (n=9 I (n=6

p SL-2 813 Z 73 -,
SL-3 857 126 857 - 126
SL-4 831 £ 39 831 ¥ 39
Skylab Mean 834 <18 844 % 85

Inflight
SL-2 802 T 55 -
SL-3 806 < 106 900 + 116
SL-4 814 * 23 891 & 40
Skylab Mean 807 <61 895 £ 78
Shift from Control
SL-2 ~11.8 L 42.5 -
SL-3 -51.4 ¥ 57.3 42.3 ¥ 46.9
SL-4 -16.7%¥17.0 59.6 £ 53.6
Skylab Mean  =-26.6 £ 41.2" 51.0 % 46, 1**
A%

SL-2 - 1.27% 4,97 -
SL-3 - 5.76 = 6.24 5.18 £ 5,74
SL-4 - 1.95%1.91 7.32 % 6,69
Skylab Mean -2.99%4,61" 6.25% 5, 70**
* p(.1
** p ¢ .05

b . (S YR A

36
I (n=3)
831t 39
831 ¥ 39
432 £ 49
932 ¥ 49
100. 8 pr 75.9
100.8 £ 75,9
12.38 £ 9,48
12.38 1 9,48

T ~w
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Daily 5
Energy
E xpenditure 0
“.change from /
preflight = 51_ /
% ¥
-10} X X
BL2) (5t3]

(% different from preflight, P<.05)

MONTHLY ENERGY EXPENDITURE
CHANGES DUE TO SPACEFLIGHT FOR EACH SKYLAB MISSION

FiG. 4-1

T
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APPENDIX A:
METHOD AND ANALYSIS FOR CORRECTING
POTASSIUM BALANCE FOR SKIN LOSSES




Object:

Background:

Calculation of
K+ Skin Losses

or

APPENDIX A

METHOD AND ANALYSIS FOR CORRECTING
POTASSIUM BALANCE FOR SKIN LOSSES

Correction of Potassium Balance for Skin Losses Based on Compatr.-
son of Metabolic Balance with Directly Measured Total Body Potassium
Changes.

The original uncorrected K+balance (KBal) predicts that after 84 days
there was a total shift (i.e., loss) of total body K+ (TBK) of 724 meq
from average preflight values. (See Table A-1). However, direct TBK

measurements reveal that average inflight shift from control was only
230 meq K,
The discrepancy between these two measurements, one divact and the

other indirect, is thought to be caused by skin losses of K+wh3ch were
not accounted for in the metabolic balance. However, if the daily K+
skin losses during the preflight period were identical to inflight skin
losses the prediction of mean K+ shift (i.e., (inflight balance —
preflight balance) x no. of days) would not be altered (i.e., 724
meq loss) by including skin losses in the balance since the same value
would be subtracted and then added in the calculation of K+ shift.

Thus, an obvious conclusion one is left with to explain the discrep-
ancy mentioned above is that K+ skin losses were greater preflight
than inflight. Failure to account for this in the metabolic balance

will result in over estimation of the total K+ loss.

To test this hypothesis, it is necessary to estimate preflight and
inflight skin losses separately by comparison of the indirect metabolic
K+balance and direct preflight and postflight TBK measurements .
The relatianship relating these is derived below:

A TBK (direct) = K(diet) — K(urine) — K(fecal) — K(skin) (1)
= KBal (uncorrected) — K(skin)

K(skin) =KBal (uncorrected) — ATBK (direct) (2)
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Table A-2 lists the preflight TBK measurements from which the individual values of

Table A-4 shows the average values of KBal (Uncorrected).

equation (2) +
Each term in / refers to meq K = during the period defined by the

first and last TBK measurement. Thus,

For Preflight K(skin), A = 20-day period between earliest and latest
preflight measurements.

A - 28, 56, or 84-day period between last

preflight measurement and earliest post-

For Inflight K(skin),

flight measurement.

The average daily value of K+ skin loss, TR(skin), meg/day, is
determined by dividing K(skin) by the appropriate number of days in

the time interval of concern.

Table A~5 summarizes the calculations for preflight and inflight K+skin
losses.

The magnitude of the increase of Preflight K+ skin losses above inflight
(17.21 ~11.62 =5.59 meq/day) when extrapolated over the longest
mission (5.59 x 84 days = 470 meq) is great enough to account for
almost the entire discrepancy of 724 — 230 = 494 meq between the
uncorrected metabolic balance method and the direct TBK measurements.

Calculation of Using the inflight K(skin) values in Table A=5, it is possible to obtain a
corrected K+ d dail +b l
Balance: corrected daily average K * balance

KBal (corrected) =KBal (uncorrected) — Kiskin) (3)

These are presented in TableA-6.  From these values the
monthly loss and total accumulative losses, AK+, at the end of each
month of the mission can be easily obtained as foliows:

ATBK (preflight) may be computed. Table A-3 shows the calculatiors of ATBK (inflight).

TN



AKT,meg = total accumulative loss (or gain) at end of inflight period i,
Gi=,n,m)
m

=Z (i Bal(corrected)) x Ni

These are given in Table A-7.,

Absolute values of TBK can be determined by subtracting the monthly losses
from the directly measured TBK(preflight mean) which have been tabulated

in Table Ill. These values of TBK during the flight are shown in Table VIII.
It might be desirable to use the values of TBK at the midpoint of each flight
period. The method of calculating these is outlined on the attached "Sample
Calculations" which also gives the details of all the computations performed
in this analysis.
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TABLE A-2
CHANGES IN TBK FROM PREFLIGHT AVERAGE

Preflight

Man n “Mean _ sd Postflight _ATBK.
1 5 3269 T 43 2998 -271
2 5 3917 T 52 3678 -239
3 5 3867 < 64 3528 -339
4 4 3339 I 22 3151 -188
5 4 3062 < 30 3029 -33
6 4 4647 T 98 4485 -162
7 3 3228 1 31 3108 -120
8 3 3673 1 100 3348 -325
9 3 3614 < 64 3169 -445
AVG 3624 3388 236

SEM Y484 tan t2s

e



Man

AVG
SEM

PEE

TOTAL BODY POTASSIUM, TBK (Meg k)

F-20
&
F-2l

3252
3876
3822

3333
3094
4536
3228
3758
3612
3612
faag

TABLE A-3

3367
3080
4602
3258
3698
3678

3644
Y63

F-7
&
F-8

3280
3937

3949

3314
3034
4687

i m-‘



TABLE A-4

CREW AVERAGES FOR UNCORRECTED POTASSIUM BALANCE (meq/day)

e e e ot ks M x S

PERIODS
IFLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT U INFLIGHT Il
1 19, 27 6.24
SL-2 2 20. 80 3.18
3 16. 175 4,20
4 14. 66 0.79 9.35
lsL-3 | 3 16.17 0.92 13,17
6 20, 20 5.16 21,77
7 . 12,29 1,84 0,83 2.45
SL-4 ] 8 14. 94 4,95 8., 08 9, 42
9 17.48 8.95 2,33 14,10
AVG: (1-9) 16. 95 4.03 9,26 8. GG
SEM;: o280 La. g7 L 7.65 - 586
(4-9) , 15,96
- 2.70
(7-9) , 1490
- 2.060

[T TN AU
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TABLE A-5
ESTIMATION OF PREFLIGHT AND INFLIGHT POTASSIUM SKIN LOSSES*

PREFLIGHT** INFLIGHT
MAN | Direct | Uncorrected | __ Direct Uncorrected —
ATBK KBal K (8kin) ATBK KBal M K ‘Skin)
(meq) | (meq/day) | (meq/day) (meq) (meq/day) days | (meq/day)
1 0 19.27 19, 27 -271 6.24 28 15,92
2 +25 20. 80 19,55 -239 3.18 28 11.72
3 +40 16.75 14.75 -339 4.20 28 16,31
4 +1 14.66 14,31 -188 5.07 56 8.43
5 -55 16.17 18,92 -33 7.05 56 7.63
6 +224 20.20 9.00 ~-162 13.47 56 16.36
(f =31 12.29 13.84 -120 1,37 84 3.14
8 -196 14.94 24.74 -325 7.48 84 11.35
9 -61 17.48 20.53 -445 8.46 84 13.76
AVG 5 16. 95 17.21 -236 6.28 11.62
SEM [1l4 +2.80 +4, 67 +125 +3,50 +4,55

— M q,M
* K (Skin) = [Z KBal, (Uncorr.) x N~ A TBK (Direct)] / Z N,
: i=1

i=1
(M = Monthly Period =1, 2, 3)

** N'= 20 Days for All Preflight Measurement
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TABLE A-6

R A A e

CREW AVERAGES FOR Potassium Balance (Corr2cted for
~Skin Losses) meq/day

PERIODS
eur. | wan PREFLIGHT | INFLIGHT | | INFLIGHT Il | INFLIGHT i
I 0.00 -9.68
Hsn.-z 2 1.25 -8.54
3 2.0 -12.11
4 0.35 ~7.64 0.92
+SL—3 5 ~=2.75 -6.71 5.54
6 11.2 -11.20 5.41
7 -1.55 7130 T2.31 T0.69
sL-4| 8 -9.80 -6.40 -3.27 -1.93
9 -3.05 -4.81 -11.43 0.34
o 0.35 -7.60 -0.86 20.76
AVG: 1-9 +5.54 +3.32 +6.37 +1.14
SEM: 4-9 -0.02
16.9
7-9 - 4.8
+4.39

K+Bal (corrected) = K+Bal (uncorrected) - K (skin)

el

T P T




TABLE A-7

CREW AVERAGES FOR _Monthly TBK Changes*
(meq)

PERIODS
’FLT. MARN PREFLIGHT INFLIGHT | INFLIGHT 1l INFLIGHT lll
1 0 =271
ISL-2 2 +25 -239
3 +40 =339
4 +7 -214 +26
6 +224 -314 +152

7 -31 -36 -65 -19

sL-4| 8 -196 -179 -92 -54

9 -61 -135 -320 +10

AVG: -5 -213 -24 -21

SEM: +111 + 93 +179 +32

Cumulative Shift from Preflight: -208 -227 -243

*TBK Changes = KBal (corrected) x N (days)




TABLE A-8

CREW AVERAGES FOR TOTAL BODY POTASSIUM (meq)*

PERIODS
FLT. | MAN PREFLIGHT | INFLIGHTI | INFLIGHT Il | INFLIGHT Il
1 3269 2998
sL-2 | 2 3917 3678
3 3867 3528
4 3339 3125 3151
SL-3 | 5 3062 2874 3029
6 4647 4333 4485 |
7 3228 3192 3127 3108
SL-4 | 8 3673 3494 3402 3348
9 3614 3479 3159 3169
AVG: 3624 3411 3392 3208
SEM: +484 +438 £549 125

*TBK = TBK(Preflight) - ATBK(Inflight)
Inflight Values Refer to end of designated period.

A o




g

Sample Calculation (Garriot, SL2/SPT) MAN 5;

1.)  Preflight Skin Loss

F-1 F-20
A TBK(direct, Preflight) = 3039 - 3094 = =35 meq

KBai (uncorrected), Preflight = 16.17 meq/day

K(Skin) =16.17 - (-55/20 days) = 18.92 meq/day

2.) Inflight Skin Losses

A TBK(direct, inflight) =-33 meq

K3al (uncorrected) Inflight | = 0.92 meq/day
" 1 =13.17 meq/day

“K(Skin) = .92 x 28 days +13.17 x 28 days - (-33)

56 Days
= 7.63 meq/day

3.) Corrected K+ Balances

KBal(corrected, Preflight) =16.17 - 18.92 = -2.75meq/day

KBal (corrected, Inflight)| = .92-7.63 =-6.71
iH-13,17-7.63 = 5.54

4.) Monthly Inflight Losses

Inflight | Loss =-6.71 x 28 =-188 meq
Inflight Il Gain = +5.54 x 28 = +155 meq



Sample Calculation (continued)

5.) Total Body K+ during Mission

TBK Preflight Mean (direct) = 3062 meq
Inflight | ATBK = - 188
TBK at end of Period | = 2874 meq
Inflight Il ATBK = +155
TBK at end of Period ll = 3029

You might want to use value of TBK at midpoint of eachinfiight period.
In that case

Inflight | (midpoint) = 3062 - 188 - 2968
2

Inflight 11 (midpoint) - 2874 + 155 = 2952
Z
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ENERGY BALANCE DATA ANALYSIS
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TABLE B-3
ENERGY BALANCE DATA ANALYSIS
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APPENDIX C
CREW DATA: ENERGY DER!VED FROM CATABOLISM OF BODY TiSSUE




TABLE C-1
ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR CHANGES IN BODY PRGTEIN MASS

(gm/day) J
PERIODS
FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT I INFLIGHT I
1 21.19 - 2.43
sL-2 | 2 22.19 - 9.88
3 17.94 - 7.06
4 19.25 -14.00 2.01
sL-3 | 5 21.44 -13.81 4.11
6 25.38 -14.94 5.24
7 20.81 - 13.25 -3.17 -6.75
sL-4| 8 13.81 -13.69 1.58 0.290
9 17.25 - 9.00 -1.74 9.69
AVG: 19.92 - 10.90 1.34 1.08
(1-9)
SEM: ¥3.33 t4.17 13,26 t3.25
4-9) 19.66
1 3,93
17.29
7-9
¥3.50

*
= = [ 4 -~ -~
APTIS = 6.25 NBAL = 6.25 (Ndiet. Nurine Nfecal)



TABLE C-2
ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR CHANGES IN BODY FAT,AFTIS

(gm/day)
PERIODS
[FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT I INFLIGHT il
1 - 32.61 - 21.89
sL-2 | 2 -101.50 - 76.25
3 - 42.35 ~ 33.43
a - 49.47 - 30.65 - 44.47
s -3 | 5 - 73.60 - 51.56 - 65.36
6 - 25.19 - 5.20 -15.16
7 - 49.47 22.97 12.64 14.95
SL-4 | 8 - 21.54 4.03 -10.67 - 9.74
9 - 8.16 13.09 0.691 | — 8.53
AVG: - 39.90 - 19.88 - 20.39 -1.11
(-9 . N
SEM;: I 31.39 t 32.01 2 29.19 T13.92
4-9) - 30.45
T 26.42
) (7-9) - 11.47
' T g.89

* AETIS = ATIS - APTIS



TABLE C-3

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR ENERGY DERIVED FROM PROTEIN
*
METABOLISM, AEPro (gm/day)

PERIODS
QFLT. MAN PREFLIGHT INFLIGHT | INFLIGHT 1 INFLIGHT 1l
1 - 91.46 10.49
sL-2 | 2 - 95,77 42.64
3 - 77.43 30.47
4 - 83.08 60.42 - 8.67
sL-3 | 5 - 92.54 59.60 -17.74
6 -109.54 64.48 -22.62
7 - 89.82 57.19 13.68 29.13
SL-4 | 8 - 59.60 59.09 - 6.82 - 1.25
9 - 74.45 38.84 7.51 -41.82
AVG: - 85.97 47.02 -5.78 - 4.65
(1-9) N + +
SEM: T 14.36 117.98 114.08 ~35.60
(4-9) ;84.84
T 16.98
. 74 .62
; t 15.11
*AE. = =APTIS*4.316
Pro '

"4+ = energy derived from protein metabolism
"~ = energy stored in protein



TABLE C-4

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR AEFat’ ENERGY DERIVED FROM FAT

METABOLISM, AE._*  (Kcal/day)
PERIODS

FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT Il INFLIGHT 1l
1 308.52 207.10

SL-2 | 2 960.29 721.40
3 400.67 316.28
4 468.04 289.98 420.73

sL-3 | 5 696.33 487.81 618.37
6 238.32 49.20 143.43
7 44 .56 -217.32 -119.59 - 141.44

sL-4| 8 203.79 - 38.13 100.95 92.15
9 77.20 -123.84 - 6.54 80.70

AVG: 377.52 188.05 192.89 10.47
(1-9) . N
SEM: Z 296.94 ¥302.81 1276.14 2131.68
@9 288.04
T 249.96
(7-9) +108.52
T 84.11
*AE Kcal

Fat = - AFTIS x 9.461 m

+ Value = energy derived from fat catabolism

- Value = energy stored by fat anabolism




TABLE C-5
ERERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR TOTAL ENEXGY DERIVED FROM TISSUE,
AE.. METABOLISM (Kcal/day) *

T
PERIODS
FLT. | MAN PREFLIGHT INFLIGHT 1 INFLIGHT Il INFLIGHT 1ll
1 217.06 217.59
SL-2 | 2 864.52 764 .04
3 323.24 346.75
4 384.96 350.40 412.06
sL3 | 5 603.79 547.41 600.63
6 128.78 113.68 120.81
) - 45.26 -160.13 - 105.91 -112.31
Si-4 | 8 144.19 20.96 94.13 90.90
9 2.75 - 85.00 0.97 38.88
AVG: 291.56 235,08 187.12 5.82
(1-9)
SEM: 1292.86 t300.55 1266.51 *105.56
(4-9) +203.2o
T 246.76
a9 33.89
T 98.49
"AE.. = AE_ . + AE
Tis at Pro
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TABLE C-6

ENERGY 8ALANCE DATA ANALYSIS

*
CREW AVERAGES FOR NET ENERGY UTILIZED, Eu

(Kcal/day)
PERIODS
HFLT . | MAN PREFLIGHT INFLIGHT | INFLIGHT Il INFLIGHT 111
1 2601 2478
EL-z 2 3499 3087
3 2904 2606
4 2740 2600 2888
sz | 5 3056 2578 3049
6 3502 2986 3481
7 2828 2682 2788 2804
SL-4| 8 2961 2779 2892 3029
9 2928 2807 2937 3131
AVG: 3002 2734 3006 2988
(-9
SEM: T 312 t 201 T 248 T 167
f
@-9 3002
T 268
2906
(7-9)
T 69
*
E

(bomb)

u = EFood Net + AE

TIS




TABLE C-7

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR NET ENERGY UTILIZED/TOTAL BODY
POTASSIUM (Kcal/meg K™

PERIODS
FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT 1! INFLIGHT Wil
1 0.7957 0.8266
SL-2 | 2 6.8933 0.8393
3 0.7510 0.7387
4 0.8206 0.8320 0.9165
sL-3 | 5 0.9980 0.8970 1.0066
6 0.7536 0.6891 0.7761
7 0.8761 0.8402 0.8916 0.9022
SL-4| 8 0.8062 0.7954 0.8501 0.9047
9 0.8102 0,8068 0.9297 0.9880
AVG: 1-9) 0.8339 0.8072 0.8951 0.9316
SEM: t 0779 T 0612 T 0778 t 0488
T ,0849
-9 +.8308
T .0393
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APPENDIX D
CREW DATA: ENERGY DERIVED
FROM FOOD AND EXCRETED IN FECES AND URINE
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TABLE D-2

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR Bomb Calorimetry Food Calories
(SMEDEP Data Base) (kcal/day)

PERIODS
FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT Il INFLIGHT il
N____Mean SD Mean SON Mean __ SDIN __Mean _ SD|
1 22 2632 128 |27 2498 180
IsL-2 2 20 2901 388 {25 2580 197
3 26 2881 285 | 26 2497 216
q 17 2561 155 {28 2475 317128 2697 148
SL-3 5 15 2688 186 |28 2288 494 | 28 2733 203
6 16 3716 174 {28 3228 752 |28 3747 212
7 26 3152 355 {28 3165 276 {28 8204 271|28 3237 313
SL-4| 8 25 3088 291 |28 3013 233 |27 3041 24528 3199 230
9 26 3194 211 |28 3182 342 |28 3266 215|28 3408 270
AVG: 2979 2770 3115 3281

SEM: 358 371 389 111

AR T .
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TABLE D-3

ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR Food Calories, Calculated/(Bombx 0. 96)

PERIODS
IFLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT Ul INFLIGHT Il
N Ratio N Ratio N Ratio N Ratio
1 30/22 1. 055 28/27 1.102
HSL-Z 2 30/20 1. 042 28/25 1,120
3 30/26 1. 051 28/26 1.099
4 20/17 1,064 28/28 1,078 28/28 1.068
SL-3 5 20/15 1.059 28/28 1,076 28/28 1.085
6 20/16 1.076 28/28  1.057 28/28 1,081
7 26/26 0.972 28/28 0,971 28/28 0.972 128/28 0.975
SL-4 8 26/25 0.971 28/28 0,976 28/29 0.970 {28/28 0.973
9 26/26 0.971 28/28 0.972 28/28 0.971 {28/28 0.971
AVG: 1.029 1,050 1.025 0. 973
SEM: .044 . 061 . 059 . 002

Note: Calculated Food Calories computed from
Kcal Diet = , 96 [4. 182(CHO) + 9, 461 (Fat) + 4, 316 (PRO)]

where factor 0, 96 is estimated metabolic efficiency.

The ratio computed above is divided by 0. 96 which effectively removes the
x efficiency factor from calculation (i.e., sets efficiency = 1. 0)
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APPENDIX E
CREW DATA: NET METABOLIC BALANCES FOR NITROGEN,
POTASSIUM, CALCIUM, MAGNESIUM AND PHOSPHORUS



TABLE E-1
ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR _ Nitrogen Balance (gm/day)

PERIODS
[FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT 11 INFLIGHT 1l
1 3.39 -0. 39
ISL-2 2 3.55 -1.58
3 2. 87 -1,13
q 3.08 -2,24 0.32
SL-3 5 3.43 -2.21 0. 66
6 4,06 -2.39 0. 84
7 3.33 -2,12 -0, 51 -1.08
SL-4 8 2.21 -2, 19 0.25 0.05
9 2.76 -1, 44 -0, 28 1.55
AVG: (1-9) 3.19 -1.74 0.21 0.17
SEM: £0.53 £0.67 %0, 52 f1.32
(4~9) 3,14
t0.62
(7~9) 2.717
0. 56




TABLE E-2

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR Potassium Balance (meq/day)
PERIODS
JFLT. MAN PREFLIGHT INFLIGHT | INFLIGHT Ul INFLIGHT il
1 19, 27 6.24
HSL-Z 2 20, 80 3.18
o 16. 75 4.20
q 14. 66 0.79 9.35
I5L-3 5 16. 17 0.92 13. 17
6 20, 20 5.16 21.77
7 12.29 1.84 0. 83 2.45
SL-4 | 8 14. 94 4,95 8. 08 9, 42
9 17. 48 8.95 2,33 14. 10
AVG: (1-9) 16. 95 4,03 9.26 8. 66
SEM: T 280 T2.67 I1.65 I 586
(4-9) ,15.96
< 2,70
(7-9) , 14,90
< 2,60




TABLE E-3

ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR cCalcium Balance (mg/day)

PERIODS
FLT. | MAN PREFLIGHT INFLIGHT | INFLIGHT |l INFLIGHT Il
1 252,03 43. 30
ISL-2 2 48. 38 114,12
3 97.17 - 14,16
4 103. 59 - 82.28 -116.49
SL-3 5 72.26 -153. 49 -283.76
6 186. 71 - 77.26 - 49,67
7 -184, 61 4,74 - 67.178 - 77.73
SL-4 8 -322. 47 -12. 53 -121.95 -195.03
9 -185. 84 11. 90 -377.80 -230. 98
AVG: 7.47 -18.41 -169. 58 -167.91
(1-9)
SEM: t193. 07 t78.00 t131.32 I g80.14
(4-9) 7 55.06
2202, 60
(7-9) - 230, 97
t 79,24




© et ey g T e

TABLE E-4

ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR _Phosphorus Balance (mg/day)

’ PERIODS
‘ [FLT . | MAN PREFFLIGHT INFLIGHT | INFLIGHT U INFLIGHT 11l
1 262. 80 - 74,87
SL-2 2 103. 65 -132. 36
3 - 10.06 -256. 00
q 247.17 ~ 37.45 48. 70
ISL-3 5 186. 27 55. 84 96. 47
6 373. 58 65. 53 177. 96
7 199, 12 - 10.04 14, 7 -55.32
SL-4 8 77. 06 45,73 65. 11 38, 84
9 177. 02 129, 57 -18. 85 75. 42
AVG: 179. 62 -23.78 64. 04 19. 65
(-9 + + +
SEM: -112. 80 -118, 00 -68. 65 -67.45
g
210. 00
(4-9) 97. 62
(7-9) 151, 14
t 65,03




TABLE E-5
ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR Magnesium Balance (mg/day)

PERIODS
FLT. [ MAN PREFLIGHT INFLIGHT | INFLIGHT lI INFLIGKT 1)
1 80, 2.4 30, 83
SL-2 2 16, 11 39. 97
3 15, 61 13, 32
4 31, 54 4, 85 45,07
SL-3 5 19. 89 1%, 32 28. 17
6 15. 69 12, 46 8. 11
7 - 3.25 0. 24 15. 56 13. 69
SL-4 8 -29, 6+ ~ 0. 58 17.79 3. 86
9 3. 61 26.91 -15.18 27.05
AVG: 25, [Y 16. 15 24, 92 14, 87
(1-9)
SEM: 132 29 114, 06 Lo5. 55 111,64
(4-9) 9, 64
124, 53
(7-9) -9.76
Y17, 55




APPENDIX F
CREW DATA: DIET, URINE AND FECAL DATA
FOR METABOLIC BALANCES




v

: = -‘ul
Rt (o
- "-!\ }n NI
Q gy
Z gy 2 =&
. e s . .6
Y v V) —N :
.
z ouwl | 0 O z s
= = Q" w ™M < g & i
1 g U oy l_\r' ~ 0 wu '&C‘m
C g e IR = g
= =2 oo b 'O_: - ~ .r: '2 '
; |
0o R -4 x o
= m%m LRR
= oo
L A Y [T )
a L D ATV, o) 20 D
T T - ¢ 0@l m
172} A{__"fr_‘;rq:} TR =0T S
L2 2 5 (33
— ot e 1] e 0-:-:?‘—:0;0';
—
° .
(4] "T.‘:”l“-';"'":"'.;‘ \:r\ &“) 2 DS o N
—_— QU ! DA P
S = sopnal o o z Erusts
u < L= U] = Y .- ] $PARI A
2 W S R A
(V2] - = e AL ] ALl = S N = \. Yl @ ™
; Lo BR o NN E R Y 2‘2:}12:‘32
> - g
-l o DRI DO Y = o ¥
Py als & NIRRT YRR o =z P {:.', kY
= [ =3 B8
< g 12 o8
< SlE eI
= 12 =] E
- = 'm T AN D 2|12 i @ N
< - g B SRR (B 2 I (R S DRI 4
r—4 [T B 2R S0 5 P 0 W@
] (=] a R SRS PEY B gD N RN
T a o v-. RN RIS a ) g Q)
w 3 é — - —J RGN ORI T é ‘V. u’.l ';
- =z o - @
O Q
o
m < g‘ - o
<< A 5 T » ]
"— ; <> 9 2 8 <> 2 P 20 U [ ST R i ]
3 = =4 <| NS gl S
z L < 2 Ll (0T B e o SO D 0
> o = w \\f lQ o = NXER O T | R IR] P S
o) S = ~ o o I N [ P
o > — Z\ e Rake LRl R R
w s s
E s = | [ nfen ol s o mlae ooolm oo ool
s ERITGY YRR = 21 'a) A o) ed AR ) D))
R s M AV ) AN ST
W M PN O 0 O D
al von = A S WIS - N WS
@ T b TR fo M N 0 T S O o
P N R 1 MR 0 ALY X
T AR o e a0 e
Rt e VA s a
(o
[
g
(&)
) [ N =
L = T v 2 AENE
u oz 0N 0 < ~eonle
& o 'u\\ g L":J V) n O] et
a s .- S W g e
o o — et i
~
= oo = O (Y SRV
= X R = RRORSHSES
= : ~nm oo
I~ an|evolecosn (S
= 7
oI IR I 4503
| - -
4 - 3 o
il BT " n w v v

17.7357
.6407

17.5655
3.4153

17.694
2.5638

14.1032
2.6354

AVG
SEM.,



SD
1.75763
1.2e21?

925
SD

1.3

INFLIGHT i

.41071

.45105
MEAN

MEAN
1.34543
1. 05000

1

1.46905

N

EVRiR

N
=
3
=

N i O1he N
G YR D VYY)
o fit O
— Pe P O o
[YURLEL, S B I YY)

LRI S S
R R E R

SD

Sb

3

ey
(L=}

INFLIGRT U

MEAN

15471

-4,
[ AV W
=
<+

1.50478
0.44008
MEAN

1.34714

1
1

O N[ P QO
1) Gl B

N
N

Nitrogen Fecal
(gm/day)
1

—-1

e e 3| 1 wle o
O] DD ) P ed

e R L=
‘m T D (e
DO A 1R SR V| e Y

o o s s | e
- o o=t =l et

SD
SD

1,352

TABLE F-2

UV

INFLIGHT

MEAN
.36091

1.26151

[ S R RN

1.6

ENERGY BALANCE DATA ANALYSIS

AN R R ] R R xX
IRV BV TN IS TG TR ]

N

Monthly Crew Averages for
N MEAN

Monthly Crew Averages for

'R R IR I W o Te T A )
IR .

bl e ¢
=R I
[V AR o oW FRY

SD

P )
DU QI 3 - 4
PREFIF A, 30 0§ N, S
ot ot el et 0 s e

SD

PREFLIGHT

MEAN

5 l
L =N TN
Iy e 1) Y

)

3

0z
1.%4

o o
1] FHE et et

1.46552
.38862
MEAN

SIS D
R A )

N
N

o N ~eaNm it o

MAN
1
3
4
5
6
AVG
SEM.
AVG
SEM.

FLT.
EL]

SL-2
!
SL-4
SL-2
SL-3
SL-4

B  moo L




6L25°9 cu9sct pbe8’6 099¢°¢t RAER
1619°8L 1¢s8°6L €966°18 bbbl “OAV
5629° 21 9626° 62 82 1288791 <SEL* 58 5 12e2°21 EX12°GZ ec 1<) §a- A 2692 {g a2 6
rea 11 LSESTIL eec L9letcl Ier1-22 P23 €ESE T 13 3 PR A ge oeTE ST Gogst 2 s< 8 b-1s
vl 01 626£ " vE 82 yelte g 0000° S¢ &c- 8612741 $IcE"EE g2 BEPL ST PSI1° 1 9c L
SETT1° 91 EPTLT €€ g2 0€DL7CT @82t €€ [ BGIE " £T 06501 S1 9
e+ES 07 PILL ¢S &€ (208 4 SQELTT 99 2= FESSTTT EEET°S% st 9 €-1S
SE9€°21 €2r1°22 82 §299°S1 JSET" b B2 9206°ES - T¥ISL L1 i
[SEENE) £3L20°GE o2 L2LLETET Si9t° 0L = e
892t L1 oo2iteg se SEBE" L Go0ol 1 0c 2 2-1s
9S1S° ST d99gtgE 22 AR T P 1
as NVIW N as NV3IW N as NV3IW N as NV3W N W 1d
: « (Kep/baty)
v hrd<ebe - b . autif wnisselng 10§ sabesany mas) Kjyluopy
66°9 be 1 92'¢t Pe LT
90°86 69°10T €96 62°¢0T
F
” HEETOT 1ZETECT &2 0gLeT S PISE EE £z 2501711 SEZetie &n €E2L7EY SITT 8T &% 6 15
M ShILe°E LGEZTOE &c £229¢° L GHUN et g f9pztz GO0t ZE g BIETE€° € IR0 G 2= & 8 b
122207 € 106001 &2 TUEES G GOST"Re  £7 LEPTOT T BELICEE &2 FOEEC L SEES L6 3T L
m o SELESTT EFT°ebY (35 LR Y fesTedl (25 CedNe’ & 29079t “1 9
: [ P72 S0 €2€ET £ == SEOETST D05 e &c L1159 < L9997 b ST S £-1S
w 1s%2° 21 SGICTEE o SELETTT eLEE T SE 3 s9PETE] SR ) P {4
} @EdLTST T ER B 200 =30 XSS S ¢
: P S L2E00T 52 eI 1 0es En7 ag s -8
: ewSSIT.  EFTTERT 4T 9EITE" 166107 28 1 =
.ﬂ as NV3IN N as Nv3IW N as NV3IW N as NV3W N NwIN 174
! 11 LHOITSNI I LHIIT NI I 1HONN AN 1HOIM43Yd
, (Aep/bawy
- 131 wnissejod 10§ sabesaay mas ) K|Lauo
. SISATVYNY V1ivVQ@ 3INvVIVE ADYIN3

€-4 3718vl




s na et S

i
|
—

;
-l
LT
0N
a N a
O e 7
-t ot (h
z |
g m
e - Fm z ,
- o EYRYY [oal A ] o
L o L RGE N B S :
2 o YR . . 2
= = Mo o
o0 A - 1
!
50
z AN z
[l @R Y
=< R :
Q f il ‘
= D A A - :
‘_':1'13 U'.I (:'r n‘) -'"-0 (72} x]
Rl e !
- : i
= i |
! ]
e 1
[ o e '~ T
.2 22T | o w = |
: L < R A n < < '
£ U DT | & ] |
n - 2 Lol @ P =
(7, Fo o (il d £Q wee }
| B i
B DX . {
< 12 z " :‘)S "'v.;:’"t‘; 0] ;‘{; 2 ‘
s Ei |
218 | i
< P S i
- g g I
E
T < o k& 4
] = o a :
w . 7 . b=
w o £ 8
-d = 0 - o
0 <« & o
< o o g
- < $ S g !
© < ] < 2
& = T N <
2 u < ~ = w
> o 2 W . . o =
© - 2 o ™ S
© —
el B >
2| " & £
] S & o0 oo o
s e R = =
Po vt Alfos TDbO CA O
(DGR TR Y DU T Sl i o
o) I e BT X B 0 1% 0
v AR o < T -4 P
> M 2
= :
- "
- i i
T .
(%]
5 - |
o= =)
z S o & 5 :
& = -~ N s
- (
] T
2 rer e :'H ST Y YT =
5 ~ Moo n <.'J = - aNm oo o oS
= > W > w
‘ < un < N
. L o~ bl <
IR N 43153
“ @ > @ a o | »




|-

bl -

W6s’'1 2g90°9 Sg6L’b 6vLe ¢ "W3as
LT60°CT e1eS b1 628e' vl 8¢8¢'8 “OAVY
2 Iﬂmlw.m-mm ,imm . .J. [P - T = ) - o
EIEFETT > 2€0EE" 2 166 ¢+ &2 Teotnt s 83 21 &T phiog 1 foIc e a7 6
arelene 62v. 2l €2 PETT1" 2 9564 & g g120s" s 6ES°01 &2 JObEE onocate  co g b-1S
SETSE"T 0Sse70F &< 2256271 €tb 01 &7 260560°2 Emmm..... €2 $2E6C T rén ‘q az L
«02EE 1 EEES ¥T  &c SEITE Toe. F T 758 Gk OO ST 5
€2205° € 1267742 &7 EGEEE" L ..coﬁ_JJ &z SPECLT T 292011 o1 ¢ €-1S
850€0°2 LEL° 0T gc L0EeS°8 pSEr- 01 = oElIen" 1 GEDEO & 21 i
[5PX=3 i 2 STTZ° 8T o 0G111° ¢ el & ag
82017°2 orortIl 52 ger1e" 1 gosee"S 0T g
JE0TS Y 0£91°08 22 | gepogeg e0E.7 1122 ¢ ¢-1s
as NVY3W N as NY3IWN N as NV3IN N as NV3IWN N N T3
¥ Kep/baw)
2/80°0pb X baw = B 4 auuf wnojeq 40 sabessay mas Kjyuopn
098°08 91b 281 P90°821 6b876GT1 W3S
891°vL6 189°0b6 2s0°¢L8 | A ARAR] "9AY
£25° 681 T 6.°€901 82 2e€orT 12,7696 8z Tifgreel £ES & : £6El . _SEBETZ oz 6 b-1S
£ELLGT 9£0°2%6 B2 rETTGET SLLTIZE 2T £2E° £F 1 £€€ 506 5 BT ﬁ “tE1 & gr0tele oF 8
Ter-zer £25°906 82 1 $l€ 261 LS bEE 6T e P12 188G, &2 a0 L astreng ez L
602762 12°Gic1 &2 SETEOE _ag d0°53)1, 62 AP 5 5
1208 €€ 0GL73EE &T G127 0E wm dogtesl | T CEELTLE S1 S €-1S
SIOET S 05etre 82 £J21° 20 496332 €T agit” mm 21 4 .
IPESTEC S EMIES 281+°S5 ER e
aToE" D5 L o= R = Sedg” u.. oz S Z-1s
ceb2 I CaETEIE 28 Tete” 2z 1
as NV3IW N as Nv3W N as NVIN N as NV3IW N NN 174
HY LHOI1TINI I LHOI 4NN 1 LHOITANI I RINEED- I
(Kep/buw)

11g wnidR)

10j sabesany mar) Ajyluopy

SISATVYNY V1iVG3 3INVIV8 AJSY¥3IN3

5-4 3719vl




TABLE F-6

ENERGY BALANCE DATA ANALYSIS
CREW AVERAGES FOR Calcium Feces

(mg/day)
PERIODS
FLT. | MAN PREFLIGHT INFLIGHT I INFLIGHT Il INFLIGHT 1lI
1 reans  sd In means n_means _sd | _ means sd |
I |30 955 343.2(28 371.0 430.9 0 0
ISL-2 2 30 623.9 750.1 {28 498.2 727.0 0 0
3 30 581.0 789.6 |28 450.8 “65.3 0 0
-
4 20 490.3 624.3 128 583.9 689.5|28 646.1 8256 0
kSL-B 5 20 473.8 270.5 128 501.0 496.8 |28 636.4 603.5 0
6 20 886.0 417.1]28 947.1 596.2]28 1030.5 667.6 0
7 26 910.2 347.4 |28 698.9 458.0]28 1753.0 555.4428 778.5 703.9
sL-4| 8 26 1068.2 863.6928 701.2 955.0|28 793.9 1039.3|28 891.7 1058.0
9 26 9498 1168.3 |28 668.0 854.2 (28 1054.4 1375.8|28 1029.1 974.7

AVG: 698.7 602,2 819, 1 899. 8
(1-9)

SEM: 261. 6 173.3 183.5 125. 5
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TABLE F-8

ENERGY BALANCE DATA ANALYSIS

CREW AVERAGES FOR PhosEhorus Fec_e;s_

(mg/day)
PERIODS
IFLT. | MAN PREFLIGHT INFLIGRT | INFLIGHT Il INFLIGHT il
n means sdin means sdin means sdin means sd
I 30 294,7 397.6(28 348.5 420.4 0 0
SL-2 2 30 482.5 585.2} 28 434.6 620.6 0 0
3 30 503.9 857.5|28 391.5 514.2 0 0
4 20 375.3 466.0| 28 437.2 523.7] 28 476.8 605.6 0
SL-3 5 20 349.2 205.3]1 28 362.2 362.4] 28 481.1 465.4 0
6 20 755.6 339.9} 28 816.5 547.2| 28 954.4 626.9 0
7 26 633.5 211.3( 28 540.9 347.1]1 28 538.7 392.21588.5 526. 9
SL-4 8 26 674.7 570.1]| 28 487.7 678.5] 28 547.2 692.51580.8 - 680,14
9 26 557.6 669.8] 28 398.9 513.1] 28 579.1 1759.1 |634.4 616.7
AVG: 514.1 468.7 536. 2 6012
SEM: 156. 5 143.8 179.9 29,0
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TABLE F-10

ENERGY BALANCE DATA ANALYSIS

CRE\.N AVERAGES FOR Magnesiunﬁ‘ Feces
(mg/day)
PERIODS
FLT. } MAN PREFLIGHT INFLIGHT | INFLIGHT H INFLIGHT il
n means sd {n nmeans sdin means sd {n means sd
1 30 89.5 114,6 |28 141.8 137.9 0 0
SL-2 2 30 145.2 151,11{28 120.4 *73.5 0 0
3 30 113.5 156.7 (28 108.7 87.0 0 0
4 20 147.6  179.71{28 147.0 176.9{28 154.6 198.7 0
SL-3 5 20 162.1 89,3124 123.3 125,01 28 160.1 152. 6 0
6 20 287.2 133.58128 291.1 181.5]| 28 318.1 208.9 0
7 26 206.9 71.2128 159.4 98.0] 28 165.8 127.0] 28 169.0 153.1
SL-4 8 26 226.2 201.8128 156.0 224.7] 28 158.7 203.2]1 28 172.3 203.1
9 26 207.4 231.2128 137.8 177.3128 149.0 245,21 28 184.1 173.9
AVG: 176.2 153.9 191.1 175. 1
SEM: 61. 4 54,1 63. 4 7. 94




	1980005514.pdf
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif
	0001B14.tif
	0001C01.tif
	0001C02.tif
	0001C03.tif
	0001C04.tif
	0001C05.tif
	0001C06.tif
	0001C07.tif
	0001C08.tif
	0001C09.tif
	0001C10.tif
	0001C11.tif
	0001C12.tif
	0001C13.tif
	0001C14.tif
	0001D01.tif
	0001D02.tif
	0001D03.tif
	0001D04.tif
	0001D05.tif
	0001D06.tif
	0001D07.tif
	0001D08.tif
	0001D09.tif
	0001D10.tif
	0001D11.tif
	0001D12.tif
	0001D13.tif
	0001D14.tif
	0001E01.tif
	0001E02.tif
	0001E03.tif
	0001E04.tif
	0001E05.tif
	0001E06.tif
	0001E07.tif
	0001E08.tif
	0001E09.tif
	0001E10.tif
	0001E11.tif
	0001E12.tif
	0001E13.tif
	0001E14.tif
	0001F01.tif
	0001F02.tif
	0001F03.tif
	0001F04.tif
	0001F05.tif
	0001F06.tif
	0001F07.tif
	0001F08.tif
	0001F09.tif
	0001F10.tif
	0001F11.tif
	0001F12.tif
	0001F13.tif
	0001F14.tif
	0001G01.tif
	0001G02.tif
	0001G03.tif
	0001G04.tif
	0001G05.tif
	0001G06.tif
	0001G07.tif
	0001G08.tif
	0001G09.tif
	0001G10.tif
	0001G11.tif
	0001G12.tif
	0001G13.tif




