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Summary  Tarne 13

XxcSurmarvs,

1 c
j The Mnollo  Program  spanned a fiveevenr neriod Auring thihh sore of
2
| the most astonnding ¢¢firsts®® in the histery of manlind were seored, <:7
3
| The Anollo,8 crermen vare the first hurans to s2e the dark side of thecsp
4 : '
noon, The 1pollo,11 TLunar ''odule Pilo+ and Comnander wore the first
° Qa, |
6men to set foot on carth’s satellita, The 27,astronauts engaged in

7thc 2pollo Program spent a total of 7508 ,hours in flight$2>5ix of these

sastronauts orbited the moon alone wvhile their cannranions carried out thei

scientific exverinm

Q

9 nts on the lunar surface., On the longest nission,
10this noriod  of  isolation lasted nearly four daységDSurprisingly, the
11psychological hreal=off nphenomenon  long susnacted  to  accompany  such

1272riods of isolation never occurred. While lunar exploration was felt

13bY all astronauts +o _he an intense, nrofound experience, very fouw

<

« aaols . . . i
141individuals  experienced any nsychological »rohlens aftor £light,

15those  fevr n»nroblems that AdAid occur were mild and not uncxnacted,

16
173 The' Anollo Cormand Module provided a greater 1living and
18wnrking volume for the space crews than  anv previous snace vehicles,

191n general, the astronauts adapted waell to opecrating in  this <f§5
t

20environment, They  found that zmro,q nade locomotion in  tha araf

simnle and  enjoyable., The only oprohlems associated with noverment

zzin a vehicle of this volure wara occasional transinont notion

sickness svrmtons  which rarely lasted bheyond the first forur ays of

Ll
- Ao a

24flight,

25

and  sone degree of lower baak pain resulting from +the

tendency  to  assume  the  fetal nosition in slann. On  the lurar

&




xsurface, tho 1/6,9 anvironment alsn - enhanced locormotion, and the

1

junar surface crews enploved a loning gait in adan tion to it.

s and a LunAar @

"Invr suits  were aurface vahicla onhanced nohiTitfy, ™ha radiation
3 - o
4cxvosurcs experienced tere henign. I+ is suspected, but not

clearly confirmed, that the occasional rerorts of seceing light

S e
flashes were asoociated with Thaavy radiation particles.

@ ,
r
3 vewr  and  hetter foods weee onjoved Ly the Rpollo creus. Tor the
first tine, warn food vas provided and tho astronauts ate wvith ordinary
1ocarth-like utensils in zoro,g with nwuech success. Tntercstingly, however, they

11rcquired‘lcss food in smace than was predicted, and partly as a consequence of

12this,
13
147 . Pacause of space linitadions and technological Aifficulties, hygiene

1sprovisions for the Awollo crous wvere not mnarlkedly hetter than they vere for

D Kl ;

16any rreovious spacecrev. Cress 2id find Thowever that sorie hygiene naintcnance
a _ f

. . . . . i

17tasks 1like shoving wvere eas in space than they cupeccted? As 1n !

18previous flights, a nedical kit tras provided, but this time, because of th
19 rrhvthinias experienced by the Apollo,15 crew, injectabie antiarrhythmic
zodrugs vere stowved. Tortunately, s e30 vere never used. In this mnission,
2155 in previous nissions, vital signs  vrre tglcmctored from space and
22from the lunar surface to earth. Thesa signs were monitored at all times,
3including during sleep periods, thich tended on the whole to be slightly less
shorter and slightly less r.thul than vvould have hecen ideal. 17ith the aid
25

of sleceping medications, houvcver, rost crevs ohtained relatively restful sleep.

mhe fov7 crevmaen wvho nerformed inflight ciercises found thesc aided in




1xobtaining restful slecp. On the vwhole, howvever, the crewvs vere

2excrcise deficient.

()

4j The MApollo nission answered the questions raised by the

5medical legacy of Genini and ilercury concerning whether the physiological

g changes seen  vere a rasult of confinement or a result of exposure to

o
2 zero gravity. Since Apollo crovs enjoyed a considerable anuunt of freedon
g of moverent and superienced mnany of the same problems as earlier

gcrevs, confinerent had to he ruled out as a factor in the etiology
100f physiological problens characteristic of space flight exposurc.

11Tese physiological problens vwhich aid occur during the 2Apollo mis;ion
12were réversible postflight within +two to three days in almost all

13crevmen with the single exception of the Anollo,15 crew. The postflight

P
14rcsoonses, and some of the inflight responses, of this crew were an

15anonaly in the 2Mnollo Program. In  almost all neasurcs, this crev

16 roturnod to preflight haselines more slowly than any others., They wvere

17not fully baclk to normal until about two weeks after splashdoun.

18

h
19 . . s . s . . .
J Tee Apollo mnmission wvas a . rnission of mnany physiological £irsts

as well., Tor the £irst tinme, gestibular-related prohlens were noted.

21 ‘ i
These ranged from feelings of stomach awvareness to franlk motion

22
gickness with nausea and voniting., In one instance, however, the
23 ' '
most severe symntoms may have heen related less to vestibular
24
function +than to illness. The Apollo,8 crew, two of whom experiecnced
.25 a .

sovera symntons, bhoth hav  viral illnesses  inflight., THis vwas  the

th

;
irst




1xoccasion on wvhich an astronant was
2illnesses were reported, but these
3medications available onboard and

4surgeons.,

5

65 The

conslltations

other unexnrected inflight dis

i1l inflight. Other ninor
were all manageable with

u
with groundebased flight

order tras a ratheor a

Tcardiac arrhvthmias enxrerienced by tvo of the Anollo, 15 crewvh These
8arrhvthmias have heen 1linked +t0 notassiun deficits and fatique., In
done crovman, coronarv artery discase also may have plaved a nart.
10 otassiun :

A vprogram involving nosta enriched Adiets preflight and inflight for
Mene Anollo,16 and 17 creus annears to have had substantial  benefit in
12 . . - . - .
preventing the serious consequences of  potassiun deficits., 'thile
13 . . : . .

occasinnal nreventricular contractions wore seen in these crews,

14 . and - no ious

these wore within the normal range, of seroun arrhyvthmias vwere
1

notad, Crev of +the Anollo,11 and 12 and Lunar samnles from these
16 arae quarantinad nostIlicht

nissions wre muarantined nostflight. against the renote possibhility of
17 .

contanination of the e~arth’s bhiosnhere with  lunar organisms. Aftor
18 _

21,davs of isolation and testing, no organisms could be identified.
19 '

The emnerience with quarantine philosorhy and  procoedures gained  will
20

help  irmmensurable  tvhen the quarantine requirenent for a nars

nission nast be net.

22
23 :

» g + . . 1. 1 L) v ~ -

24 Anmont  the physiological changes notedd postflight, the 05c -
2§nportant have bheen (1), ,deccrrased  cardiovascular responsivencss,

(2),,reduced red WHlood cell nass, (3

), ,musculoshnlatal deoterioration,




1 xand (4),,thc

2
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_ hem currecAd
xj The only persistent hnmatological changes vich thave occru

wore transient increase in nostflight white hlood cell count and reduced

de

ttle significance, but th

red blood cell nass 1losse mha former is of 1o e
lossas  wore  nnt

+

4latter nay he very inportant. n the Anollo,15 crew +hese conclusion
ostflight
Srecorded until ahout two weeks DOrs . The nprecise

6mechanism of red bhlood cell mnass Adecrerent 1is still unclear. Therc

is ~2vidence O suqqestx that hoth henolysis and suppression of
Bcrythropqlcsis hoth occur, with perhaps herolvrsis heing the More
g imnortant factor. llere, too, Skwlab data should bring us closer
10to the answcr.
11
123 'mscle nas deterioration clearly occurs during weightless space
A13flight. mhis is confirmed nostflight hv reduced 1limb girth and
14nrgative nitroagen and notaszsiun  balances. Tnflight sannles collected on

15pr0110,17 confirm a 1oss of hody protein. mhere 1is some evidence,

1615ing various investigative tools, to suggest that 'slight loss of hor

17 rinerals are also occurring.
18
19 . . , " . . :
) The vestibular problen already discussed occasioned sone conceaern
20 . .
for the future. Future snacecrevs  nay he even nmore prone to
21 , : *
vestibular Aisturbanc? than Apollo crews have heen hecause mnany vell
22 3 L3 . 3 p . °
he dravm from the non-nilitary, scientist pouulation ard cannot ¢
23 ' " :
oxpocted  to have the required resistance to motion sickness that
24 s have

reonle with test nilot eunerience, 1ik%e the Amollo astronauts, have

As a consequence, the possihility of nrnadanting fhe vestibular resnon’!




1x0f such individuals to tha a«ffaects o0f zoro aravity 1is heing studied,
2Mditional future studies are needed in this area to provide definitive
3ansvers,

4

55 In addition to the key physiolodical £indings discussed abhove,
6other changrs have bheen seen in  conjunction with snace flight

79\’?‘)“ j ('\

8 @
9j The diet of MA»0llo astronauts vas adequate in  terms of
1ocalories, vitanins, and ninerals nrovided. Ilowever, crevmeonhers lost
11weight as a raesult of a hynocaloric regimen inflight and as a result
12 n , § . § . ns

of the tendency to lose hody  tissue under hynogravic conditions.
13 . ' .

Anollo crermen lost an average of about sin pounds per man., Ahout
14 . of this weight 1loss can

60,nercont to  fat ' be attrihuted o water loss,
15

ahout 30,percent to fat loss, and about 19,nercent to loss of
16 3 3 . t ' .

muscle nass. DPecause of the deficits in toaal hody potassiun notad
17 :

postflight, Shylab foods have been designed so  that they are
18

naturally richer in potasulnﬂ. These diets are providing between 35 and
19

100,neq por day of potassiun, “lotaholisn vas measured only indirecctly
20 :

for Apollo crews during wveightless spacce flight., On the lunar surfaca,
2encrgy production was inferred £fron the haat produced in the liguid
23cooling garnent of the lunar activity suit. The hourly vaerage cno rgy
24ﬁr0fuctlon on the noon was estimated to he between 200 and

j Characteristic fsatures of the endocrinc-electrolyte responsce to




1
1xspace f£light in Apollo crews were elevated addosterone praduction
2and fluid  corpartriont silfts, Increased aldostorono production appears
3to he one nanifestation of man’s adantation to prolongel yaightlasasnass.

471luid  commartnan loss Mhave variad fron crevr +o crnx<:é£;> :

Scomparison of arpollo, 14 and 17 fluid  sh ifts illustrates this wase i

6varialisali itv. In 2pollo,14 £he nrincival fluid loss as oxtracoll lar
o
7f1uiA, Arollo,17 findings vere dianctrically orpesad,  vith

8intracellular fluid  actunlly increasing in verlunma.

9

.eon seen

I.J-

10. . . .
3j lo  changes have n  the imnunological shhere which

1 : . . s qs . .
would  suggest any alteration 1n nan®s ahility +to comhat infection

i

12 . . . .

Or repaor traunatized tissuer in a snace  flight environnont or after
13 nicro

return to earth., Nis ninor flora have undergone sona changes. There
14 . . : ; .

seens  to he a general decreasa in anacrobic hacteria and an increase in
15 :

aerobic hactrria. Organisns, expecially  Stanhvlococcus aurcus, tond
16 '

to spread  across crotmenbers, Fungal isolates thave decregased in  nunber
17
T

and higher carrier states are indicated for mnyconlasna
18
of nedical sionificance have been isolated fron MApollo creovs. While

the tiologv of the changas is unclear they arc not of a character to cause
20

21any undue concern. It should he natel, ‘Thovever, the nicrokial loads
b

22returned to nreflgght norms during the early nostflight neriod.
3
43 At the close of the Anollo Program suf

a
saviilable to forn the basis of a hvrothesi

W
ient information aas

ncerning man’s adantive

response to weightlessnass. ™his is kasically a three stage procoss. ThHe

o

renty  organis-i

—— it o e




o

2

xfirst is $¢strass??

1
redistribution
2

antidiurntic

taqge a stage

in circulating blecod
horrone

reduca f£luid volumo.

ht samnles, howover,

rostulated diurcsis,

adantation stage, is thought to be

5

8and alt, and a conconi*an loss

sccondary aldosteronisn, hotvre

9

saluresis. Tollowing the increase i

10

arn  thought +to he rotained vhile p

1

12 intracellular exchange of potassiunm

130ight  affect cardiac nuscle. Respir

- 14than. thouadht to thalt the weight 1

15ontars  the adantive stage vherein

16ctrculating hlood volune and electr

17in this stage that we find mnan af

18eoxnosurn. Clearlv, certain contradic

19is honed that results will:

Skylah

20pjicturs  of 's adantive resnonse

21

nan

22

3 Data from the 2M»nollo Progran

23 . . :
“which to cormmit nan to tvo nonths

AexPosur o the nission,

25
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atorv and renal compensation are
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e

t

olvte balance, Ve helieve is

ter about two flight

tions exist in is theorv., It
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xhahitation for the nariod of time reoquired to cormrletn a  mare
1 1 r ieve

nission, ahont +uo and one-=hafl vears. I pessonally  heliv that
2

six months of infliqght data would nrovide an adequate basis for
3

safe »nrojection., In this tine, all physical changes of a

progrcs:ivc naﬁurc could be 1dentificed, Certainly any aspects of

the environnant vhich thad deleterious eoffectz, both physiological and
psychioloqgical, rrould bhecone olwinuszs., Nnce e understand the ncch;ni$

8of nan’s responsa2  to  space, and the 2Ancllo Progran has provided a

|

| . . . . .
| fund of information toward this end, we will He able to provide wman
| 9

1owith the proper counterneasures if he neceds them to enable hinm

11to venture still further into the solar systen.s,

12
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