SOME ASPECTS OF SPACE ECOLOGY AND PHYSIOLOGY

Di. B.

Man's yearning to explore the distant
stars and planeiy is prabably as old as human
thought, Soaring birds and twinkling stars
in the sky beckoned him to leave his torrae-
trial confines in both waking fancy and in
dreams,  The idea of Space can be found in
Hindu Vedas in Sanskrit Bhagavats, in
early Persian and Egyptian literature, in
Ines and Mayan wrilings, as well as in Greek
mythology. However. the means of pro-
Pulsion suggested 1o fly through the Space,

such as harnessing birds, and altaching grii-
ficial wings to the arms. could not attracy
&Ny serious scientific consideratjon,

The flights in balloons started in 1783
and made an udyssey during the next hundred
years. By 1871, more than 3,500 balloon
flights had been made with only 15 recorded
deaths. However, only few fights were
undertaken for scientifie purposes.  James
Glaisher, Chief Meteoralogist of the Green-
wich observatory in England, and Paul Bert.
the founder of the science of high altitude
physiology. made Very mportant contribyg.
tions in this field and much of what they
described wers their personal observations
which they made as participants during the
balloon flights. In these halloon flights it
was clearly demonstrated they decreased
OX¥gen tension at high altitudes had insidious
but lethal chiects, Low lemperalure was

also very trying. This led to the use of
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To circumvent the limitations of halloon
flights, i.e., limitations of hieights reached and
non-contrul of horizonil movements, the
next step to make furiher Progress in space
exploration led to the introduction of aerp-
planes, which used fuel 1o supply the power
for the speed of the manoeuyred flights.
Provision of oxygen supply and the pressur-
ization of the vehicle helped in reaching
bevond the heights already reached. The
combining of jet principles with those of
the rocketry, brought in the crg of spaca
travel in spaceships and satellites. Landing

on moon has already heen successfully
achieved.

Ecology of Space

The zerosphere constitutes & mixiure of
Zases with a certain concentration of moisture
and shows the highest correlation with
changes in altitude. The altmesphere  of
earth is part of this aerosphere, which
extends for several miles in height around
the earth and possibly reaches the corona
of the sun, The mast important gas consti-
tuents  having  biological significance are
Qs CO,and Nitrogen.  The other EUSBOUS
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do nar pliy any role in biologicnl processes.
IL i the puitiol pressures of O 4 and CO g,
rither than their concentrations thal are of
physivlogical lmportanee,  The pactial pres-
arres arc alosely reluted Lo burometric pressure
and hence to the altitude,  Certain criticil
altitudes have practienl significance so for as
the O 5 neads of wn individual are concerned.
Above 10000 ft. most persons require the
miilition ol Qa to the air they breathe.
AL 500011, 1000, O, must he breathed.
Al about 50,000 11, litle oxveen reaches the
dhveali of the lunps even while breathing
0% O, sinee at s altide the total
biarmedric préssure oft 87 mm, Hg, équals
the s of the partial pressures of H .0,
which s 47 mm. Hg,, and €O, which
40mm, Hg Al an altitude in excess of
63,000 1%, the body hguids boil. since the
pressureat Uhis altitude, which is47 mm. Hg.,
is equal o the vapour pressure of these
liuids a1 body temperature:

Physiological 1lazards of Aerosphere

Hypoxia and Dysbarism are the twio main
ha_;gua.i'ds of serosphere bayond o sale altitude,
the former because of the low oxygen tension.
dil the latter because of reduction of atlmos-
pheric pressure,

Hypoxia has itz offects on the respiratory
ceatre and carotid reflexes. which lead o

changes in seversl body functions: In a

mgre -advanced  state it affects the brain
metabolism, Dwwebarism is prodwced when
gas bubbles form in blood and body tissues
duc to the effccts of comparatively sudden
lowering of atmosphere pressurs.  This may
lead to symptoms of local pressure. or to
visgular ohstruction producing varied clinical
symptamatology.

Temperature Ranges of the Atmosphere

Virtically the atmosphere is divided on
the basis of temperatire variation into
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troposphere, stratosphere, mesosphere  and
thermosphere, At the cquator the tropo-
sphére eatends up 1o about I8 km. but 4t the
poles it goos up to only 8-9km.  ‘Within
the troposphere tempernture decreases with
the altitude, uniil at the ropopuuse
temperature of about —H0°C is reachad.
The temperature remains ot this level in the
stratosphere  but in the mesosphere, which
i5 the region between 20 and S0 Km., it Hrst
rises 1o 2 value of about 0°C and then drops
agan to aboul —63°C 1o —I00°C at
60-80 km.

The thermosphere begins at an altitude
ubhove BOkm. amd here the lemperilure
rises sharply, until at an altitude of 200 km.
itisabout 900°C. Recent rovket and satellite
data indicnte that at about 300 km. tempera-
ture is pearh comstant at about [.000°C,

Radiations in Atmosphere

Radiani ¢nergy content ol the atmospheres
iz of two types, ie., nen-jonizing radiarion
and ionizing radiaton.

Mon-ionizing radistion  is constifuted
by solar radiatien, cosmfc radiation, and
terrestnzl radiation.  Solarand cosmic ridig-
uon fall into optical area. Cosmic radiation
contributes ‘an infinitesimally -small part as
compared o solar radiation.

Ionizing radiation enviromment in spacs
appears at present to be a major concern for
manned space Bights. Itis ditficult to modify,
hard fo avoid. and cannol even be realis=
tically assessed. lomizimg rmdliations are
chiefly emitted from the corona of sun and
1o some extont from other cosmic regions.
They vary greatly in energy and seem to
reach the maximum during solar flares which
are very irregular in time. Theionizing radia-
tion is mostly concentrated in the inner and
outer Van Allen bolts. The inner belt lies
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froem 600 1o 3,600 koo from the earth and
the outer belt covers a distance of 15,000 (o
22,000 km. Exposure 1o this type of radia-
tion is lethal for the living cell. It damages
the nucleus, chromasomes, and genes, and
in sublethal effects produces mutations which
lead to cancer or other abnorvmalities of
growth, The Ussues which suffer the maxi-
mum damage are  lymphnodes, tostes,
bone marrow, gastrointestingl tract, skin,
connective: Hssues, and blood vessels, and
least of all brain, However, it 13 surmised
that in time humun lissues do develop some
iolerance,

Biodynamics of Space Flight

Space flight has very potent biglogical
elfects, concerning mainly with the eflfects
of acceleration, deceleration and weight-
lessness.

Similarly, atmospheric re-entry and landing
on carth’s surface present complex problems,
The fate of meteoroid burning to incandes-
cendce on entering earth’s stmosphere demon-
sirates the nectssity of controlled means of
deceleration. Safe re-entry has been achiev-
ed by ballistic means or by serodynamic fift,
To minimizé. hest production, re-emiry is
effected ar an altitude where heat transfer is
low. The 'descent iz made safer by the
use of parachules and the size and shape of
the vehicle.

The main hazards come from the ncrease
of G force, which can only be toleraled with-
in & delinite range. The best experimental
technique to simulate acceleration and dece-
leration 15 in the human centrifuge and Lhe
date collected have heen very useful for pre-
venting the hazards of flight operations.

The main effects of G " forces in the
longitudinal axis is on the blood. Diwing
headward acceleration hlood s centrifuged

into the lower extremities and the blood How
to the heart and brain diminishes. Duning
footward  wsecclerstion blood 15 displaced
towards the head and brain.  During trans-
verse acceleration there s minimal  effoct
ont the blomd while abdominal and thoracle
compression with some respirntory diflioulis
15 produced, Man's toleranes o accelers
tions is grewtest, i taken in a forward ficing
position with a shight inclination of® the
upper body' in the dircetion of (he acoolorg-
tion,  TE must bBe eemembered that hunn
tolerance to accelaration iz influenced not
only by durntion. magnituds, rate of onset
andl direction, but also Ly other environ-
mentitl foctors.  Hyposia significantly deg-
reases Lhe O folerance ol mon for positive
acceterttion.  Hent stress also significantly
decreases nccelerativn  tolorance.  Woight-
lessmess  preceding  aceeleration  decreases
tolerange. Conversaly recoviry from theaffects
of aeeeleration takes longer during weightless-
ness than during normal conditions.  Anxicty
in man is a contribulory factar in decreasing
G lolerance.

The problems of weightlossniss  during
space Qights arise when the vehicle travels
unpowered at the stege of coasting flight
bevond the earth’s atmosphere;  Pereeption
of weight depends on thres major sensory
meckanisms. Le., mechanoreceptors in the
body, specialized receptors in vestibular
apparalus, ind indiesctly vision. The eves
does not ssnse force or weight as such like
the mechanoreceptors or the vestibule,
However it perceives the fesults of such
forces in the relationship ol objects to cach
other. Vision remains to be the only
sensory functen for otientation in space.

Amuongst the physiological hazards of
weightlessriess  cardiorespiratory  [unction
shows only minimal chunpes. Neuromusculyr
vo-ordination. 05 alfected comsiderably
and a Jot of troining is required belure
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Jearning not to avershoot the target during
sy performance. Paychologicsl reactions
o weightlussness .re WiTy varied. Mujority
of th astronauts describe the feeling to be
pleasant and are relixed and comfortable.
Very occasionally there may be defeets in

gpatin] orientation.

Feolagy of Space Cabin

Man's requirements for food, oxygen and
water do not vary widely cven in the space-
ship. Tudeed the metaboelic regUiTCHents in
apace are the same as anywhere else.  All
these requirements,  however, have to be
provided hefore the starl of the Might and
the supply has (o be yust adequate  and not
fiberal because of the limitation of the lond
to ba cirried.

‘I'he cnergy requirements of an astronaul
duing light work, monitoring and controlling
instrument panel, cleaning the cabin, eating,
washing and reading is estimated fo be pbout
2500 Cal/day /man.

Jar trips of the erdur of 4 year of longer.
tlie possibility of photosynthetic gas exthanger
Jus Lo- be considercd.  The prospects for a
gomplete ecological system in which Imiman
wastes are the source for ihe biosynthesis
of food fur human consumption are MOTE
tenuons for the near future,

Psychological Stress in Space Flight

Psychological Stresses are due to—
(i} Confinement due Lo limitation of
space,
(i) Cultural and social 1solation.
(iil) Space silence and space darkness.
(iv) Strange  and unpalatable food,
recycled water. umisual sleeping
and working hours and weight-
Jumsness: and
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(v) Any cquipment [xilure, especially
fuilure of communication.

The chic! manifestation of these is anxiety
which subsequently ledds to derangsment of
gdlear thinking, coherence, conlidence and
judgement,

Ilowever, due (o previous conditioning,
astronauts taking long flights have not shown
much effects of these STresses s Wis expoctul.

Very importsnl  observations, however,
have been made on setual studics conducted
on personnel in Mercury and Gemini flights
reported in 1967 and Apollo flights reported
in 1970. A brief summary of these ohserva-
tions is now preseited.

Report on Mercury and Gemini Flights

Ningteen men had flown 23 manned
flights, giving = total weightless experience
of mearly 2,000 man-hours and important
data has been obtained from them. The
astropauts in these flights are exposed to
various stresses.  Only some of these stresses
can be simulated in ground based studies.
The physiological indices phtained dwring
these flights consisted of voice reading, two
leads of EK (3, respiration, body temperatura
and blood pressure. During extra vehicular
activity of space walking, however, oaly bwo
parameters; ie. one lead each of EKG
and respiration, were monitored througlt
the space suil umblical cord.

There were initially grave doubts whether.
the maintenance of cabin pressure, adequate
composition of cahin atmosphere, cabin
and suit temperature;, avoidance of micro-
metcorites, radiation effects, adaptation lo
the rhythm of light and darkness and effects
of weightlessness could be effectively con-
trolled to ailow prolonged stay in space.
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Mercury and Gemini operations have
established that eabin pressure of 5 pounds
per square inch and suit pressure of approxi-
mately 3-7 psi can be maintained without
even 4 single failure.  Cabin atmosphere can
be stabilized a1 100%, O, ar § psi and with
denitrogenation  two  hours  before fMight
there has been no risk of dysharism, The
cabin and swit temperatures have been
maintained at u comfortable level of 7071
No significant micrometeorites or metoorite
population have been cncountered during
these flights. They have also demonstrated
that the radiation hazard does not pose any
problem. Also, darkening the spuee oralt
and kecping to the Cape Kennedy times,
cllectively solved the difficulties anticipated
in providing adequate sleep.

Heart rate during flight remuains fairly
steady if sleep and waking eveles are main-
tained. However, it shows an increase
during launch and reentry. The EKG
remaing normal and the exercise tolerance
lest shows that even during extravehicular
activity this is well tolerated.

Blood showed changes in the WBC
counts in the majority and also some changes
in the total bloed volume, plasma volume
and red cell mass. The diminution of red
cell mass is attributed to high oxyeen content
of cabin atmosphere which seems to change
the qualities of the red blood cell membrane.

Loss of bone density and body weight
also occurred, The diminished density of bone
is altributed to lack of exercise and loss
of body weight to diminution of fluids in
the body. Both these defects were quickly
remedied afier return to earth. Crew per-
formance. function of special senses amnd
food and water intake did oot pose any
unsurmountable problem.  Similarly, no
psychological derangements were observed
due 10 isolation or sensory deprivation,

special  suwdies  were made on extra
velticular activity and it was observed that
heart rate was accelertted more than the
respiration.

These extensive studies during Mercury
and Gemint flights were, (herefore, very
encouraging and the observations made on
these linally led to the accomplishment of
Apallo flights.

Repart on Appollo Flights

Medical information gained in Mereury
and  Gemini  programmes indicited that
extrn vehicular activity has a high onergy
cost and thet diminished exercise CAPELCTY,
loss of red cell mass and disconditioning of
cardiovaseular system are produced. These
facts were viry important in respecl to the
performance of astronauls  during  unar
activity, which was the main target to he
achieved by the Apollo flights. Although
the contribution of confinement perseto the
deteriorative physiological changes vbserved
after flights of long duration in the small
Mercury and Geminispace craft cabines could
not be determined, it was thought that the
freedom of movement and excreising allowed
in the Apollo vehicle would maintain the
astronaut in optimum. physical condition
for the duration of Apollo || mission.

During Apollo flight the space craft cabin’
environmentsof Command Moduleand Lunar
Module were suitably  maintained at 604,
Oy and 409, N, with crew denetrogenated
for 3 hours prior to launch, Tle cabin-
pressure of 5 psi and average temperature
of 70°T produced comfortable conditions
during the whole operation. Radistion esti-
mates indicated that, even theugh during
these flights Van Allen belts were crossed,
these did not result in any physiological
hazards, There was no ovcurrence of solar



extra
l thint
1 the:

Ly

very
¢ o
it ol

Cl
that

BOME ASFLUIS OF 3PACE BUOLOGY AND PHYRIOLOGY

Nares during these flights or during the stay
at lunar surface.

Thue Lo their training before the flights,
the astronauis were not handicapped by
weightlessness In any of their operations.

Thermostabilized meat dishes, with mois-
fure content of 60 to 70, (wet packs),
glimmaled many difficulties of food intake.
Energy imtake and body weight showed that
although energy intake was normal, the
astronauts still showed some loss of weight.
This was partly due to water loss. The
weight  loss casily recovered within a short
time after the flight was over.,

Work and sleep cyeles did nol offer any
problem after enforcing the regime of letting
all the three ustonnuts 20 to sleep, according
to the schedule to which they were trained
hafore the Ilight. However, ' Command
Filot Syndrome ™ was a special situation of
Ioss of sleep in the bepinning. when he was
nol fully confident of the safety of the flight
during his sleep period.
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Medical evaluation in Apollo flights mainly
dealt with cardiovascular system especinlly
the orthostatic effects. Cardiovaseular fung-
tion, however, remained steadily normal.
The orthostatic effects did not last long after
the erew returned to sarth.

Blood biochemistry datn showed some
changes in Dblood sugar, catécholamines,
steroids, serum cholestrol, etc.  However,
all these changes were revarsible and were
considercd to be mostly due 1o stress,

Conclusion

All the knowledge gathered so [ar, by
going into the details of biodata &s estimarted
during the actual space ofcrations, inapires
hope and eptimism on the whole for sueaess-
ful space flights to make inter-stellar travel
possible for  further exploration. Time
does not seem 1o he far when human beings
will be salely travelling between different
planets. as they are travelling between the
different cotinents of the earth at the present

moment.



