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SUMMARY

i
|

The biomedical data from the Gemini IITI through VII missions
support the conclusion that man is able to function physiologically
and psychologically in space and readapt to the earth's one-g en-
vironment without any undue symptomatology. It also appears that
man's response can be projected into the future to allow 30-day
exposures in larger spacecraft.

INTRODUCTION

When contemplating such titles as "4 Days in June," "8 Days
in August," and "14 Days in December," it is difficult to realize
that just 2 years ago, only an uncertain answer could be given to
the question - "Can man's physiology sustain his performance of
useful work in space?" This is particularly true in this great
day for space medicine when man has equaled the machine.

Prior to our first manned space flight, many people expressed
legitimate concern about man's possible response to the space-flight
environment. This concern was based upon information obtained from
aircraft experience and from conjecture about the effects of man's
exposure to the particular environmental variables known to exist
at that time. Some of the predicted effects are listed in table
24-T, and it will be noted that many of these are contradictory.
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This nation's first probing of the space enviromment was made in
the Mercury spacecraft which reached mission durations of 3L hours. The
actual situation following the completion of the Mercury program is sum-
marized in table 24-II. This first encounter with the weightless envi-
ronment had provided encouragement about man's future in space, but the
finding of orthostatic hypotension also warned that there might be some
sort of 1limit to man's exposure. The reported Russian experiences |
strengthened this possiblity. No serious gross effects of simple expo-
sure to the space-flight enviromment had been noted, but the first hint
was given that the emphasis should shift to careful methods for observing
more subtle changes. These findings influenced the planning for the
Gemini mission durations, and the original plan was modified to include a
3-revolution checkout flight, followed by an orderly approximate doubling
of man's exposure oh the L-day, 8-day, and 1ll-day missions which have
been completed. It was felt that such doubling was biologically sound
and safe, and this has proved to be the case. The United States manned
space=flight missions are summarized in table 2L-III.

This plan required the use of data procured from one mission for
predicting the safety of man's exposure on a mission twice as long.

MEDICAL OPERATIONAL SUPPORT

These Gemini mission operations are complex and require a great deal
of teamwork in the medical area as in all others. Space-flight medical
operations have consisted, in part, of the early collection of baseline
medical data started at the time of the original selection of the astro-
nauts and has been added to with each exposure to the simulated space-
flight environment during spacecraft testing. Physicians and paramedical
personnel have been trained to become a part of medical recovery teams
stationed in the launch area and at probable recovery points in the
Atlantic and Pacific cceans. Flight surgeons have been trained and uti-
lized as medical monitors at the various network stations around the world
thus making possible frequent analysis of the medical information obtained
in flight. A team of Department of Defense physician specialists
have also been utilized to assist in the detailed preflight and postflight
evaluations of the condition of the flight crews. Without the dedicated
help of all of these personnel functioning as a team, the conduct of
these missions would not have been possible.

A High set of standards has been adhered to in selecting flight
crews. This has paid off very well in the safety record obtained
thus far. The difficult role that these flight crews must play both
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as experimenters and as ‘subjects deserves comment. From a personal
point of view, the simpler task is to be the experimenter, utilizing
various pieces of equipment in making observations. On these long-
duration missions, the crews have also served as subjects for medi-
cal observations, and this requires maximum cooperation, which was
evidenced on these flights.

DATA SOURCES }

Physiological information on the flight crews has been obtained by
monitoring voice transmissions; two leads of electrocardiogram, a sternal
and an axillary; respiration by means of an impedance pneumograph; body
temperature by means of an oral thermistor; and blood pressure. These
items make up the operational instrumentation, and, in addition, other
items of bioinstrumentation are utilized in the experiments program.
Also, some inflight film footage has been utilized, particularly during
the extravehicular exercise on the L-day mission. The biosensor harness
and signal conditioners are shown in figure 24-1, A sample of the telem-
etered data, as received at the Mission Control Center, is shown in
figure 24-2, These data were taken near the end of the lli-day flight and
it can be seen that the quality is still excellent. The Gemini network
is set up to provide real-time remoting of medical data from the land
sites to the surgeon at the Mission Control Center. If requested, the
medical data from the ships can be transmitted immediately after each .
spacecraft pass. The combined Gemini VI-A and VII missions posed a new
problem in monitoring in that it required the simultaneous monitoring
of four men in orbit. The network was configured to do this task and
adequate data were received for evaluation of both crews.

It must be realized that this program has involved only small numbers
of people in the flight crews. Thus, conclusions must be drawn from a
minimum amount of data. Individual variability must be considered in the
analysis of any data. Aid is provided in the Gemini Program by having
two men exposed to the same conditions at the same time. Each man also
serves as his own control, thus indicating the importance of the baseline
data. /

PREFLIGHT DISEASE POTENTIAL

As missions have become longer, the possiblity of an illness during
flight has become greater, particularly in the case of communicable dis-
eases to which the crew may have been exposed prior to launch. The dif-
ficult work schedules and the stress imposed by the demands of the
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prelaunch period tend to create fatigue unless watched carefully, and
thus become an additional potential for the development of flu-like dis-
eases. They also preclude any strict isolation. On each of the Gemini
missions a potential problem, such as viral upper respiratory infections
or mumps exposure has developed during the immediate preflight perlod
but the situation has been handled without hampering the actual mission.
As yet no illness has developed in the flight crews while in orbit.
However, strenuous effort must be exerted toward protecting the crew from
potential disease hazards during this critical period. : '

DENITROGENATION

The 5-psia cabin pressure and the 3.T-psia inflated suit pressure
create the potential for the development of dysbarism and this was parti-
cularly true on the L-day mission which involved extravehicular activity.
Care has been taken to denitrogenate the crews with open-loop breathing
on 100 percent oxygen for at least 2 hours prior to launch. No difficul-
ty has been experienced with this procedure.

PREFLIGHT EXERCISE

The crews have used various forms of exercise to maintain a state
of physical fitness in the preflight period. The peak of fitness at-
tained has varied among the crew members but they all have been in an
excellent state of physical fitness. They have utilized running and
various forms of activity in the crew quarters gymnasium in order to
maintain this state. Approximately 1 hour per day has been devoted to
such activity.

SPACE-FLIGHT STRESSES

There has been a multiplicity of factors acting upon man in the
space-flight environment. He is exposed to multiple stresses, as sum-
marized in table 24-IV and the particular effects of any one of these
stresses will always be difficult to isolate. In a sense, it could be
said that this is of only limited interest, for the results always would
represent the effects of man's exposure to the total space-flight envi-
ronment. However, in attempting to examine the effects of a particular
space-flight stress, such as weightlessness, it must be realized that
the responses observed may indeed be complicated by other factors such
as the physical confinement, acceleration, dehydration, or the thermal
environment.
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Héart Rafe

On all missions, the peak elevations of heart rates have occurred
at launch and reentry. The peak rates observed during the Gemini flights
are shown in table 24-y. These detailed timeline plots of heart and
respiratory rates demonstrate the peak responses associated with par-
ticular activities required by the flight plan, as was roted during the
Mercury missions (fig. 24-3). As the mission durations have become
longer, it has been necessary to compress the heart rate data to the form
shown in figure 24-4 from the Gemini VII mission. Such a plot demon-
strates the diurnal cycles related to the night time and the normal sleep
periods at Cape Kennedy, Florida. In general, it has been noted that
there has been a decrease in the heart rate from the high levels at
launch toward a rather stable, lower baseline rate during the mid-portion
of the mission. This is altered at intervals since the heart has re-
sponded to demands of the inflight activities in a very normal manner
throughout the mission. The rate appears to stabilize around the 36- to
48-hour period and remain at this lower level until 2 or 3 revolutions
before retrofire. The anticipation and the activity associated with
preparation, for retrofire and reentry cause an increase in the heart
rate for the remainder of the flight. The electrocardiogram has been
very helpful in observing the response to the sleep periods when heart
rates have frequently been observed in the forties and some into the high
thirties. The graphing of such rates by minimum, maximum, and mean has
also been helpful in determining the quality of sleep. If the crewmen
have awakened several times to check the condition of spacecraft controls
and displays, there is a noted spread between the maximum and minimum

rates.

During the extravehicular operation, both crewman noted increased
heart rates. The pilot had a heart rate of 140 while standing in the
open hatch, and this rate continued to climb during the extravehicular
activity until it reached 178 beats per minute at spacecraft ingress.
Future extravehicular operations will require careful attention to deter-
mine the length of time these elevated rates are sustained.

Electrocardiogram

The electrocardiogram has been observed on a real-time basis with
a series of detailed measurements being taken during the Gemini VII
flight. The electrocardiogram has also been evaluated postflight and
the only abnormalities of note have been occasional, and very rare,
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premature auricular and ventricular contractions. The detailed analyses
have shown no significant changes in the duration of specific segments of
the electrocardiogram which are not merely rate related. On each of the
long-duration missions, a special experiment has involved observation of
the relationship.of the Q-wave to the onset of mechanical systole, 2s
indicated by the phonocardicgram. These data, in general, have revealed
no prolongation of this interval with an increase in duration of Spéce
flight. |

Blood Pressures

The blood pressure- values were determined three times in each
2k hours during the lL-day and 8-day missions and two times each 24 hours
on the ll-day mission. These determinations were made before and after
exercise on the medical data passes. The only truly remarkable thing
in all blood pressures to date has been the normalcy with a lack of
significant increase or decrease with prolonged space flight (fig. 2L4-5).
The blood pressures have varied with heart rate as evidenced by the
201 over 90 blood pressure obtained after retrofire during one of the
missions. This was accompanied by a heart rate of 160, however, and is
felt to be entirely normal.

Some blood pressures of particular interest were those determined
on the U-day mission: (1) just after retrofire and while the crew was
still in zero g, (2) just before the transition to two-point suspension
on the main parachute which places the crew at about a 45° back engle,
(3) just after transition to two-point, and (4) with the spacecraft on
the water and the crew in a sitting position. All of these pressures
were in the same general range as the inflight blood pressures and were
all certainly normal, demonstrating no evidence of hypotension.

Body Temperature

The oral thermistor was used with each medical data pass, and all
body temperatures recorded have been within the normal range. Occasional
spurious readings were noted on the oral thermistor when it woulc get
misplaced against the body causing it to register.

Respiratory Rates
Respiratory rates during all of the long-duration missions have

tended to vary normally along with heart rate. Hyperventilation has not
occurred inflight. ! ]
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Inflight Exercise

An exercise consisting of 30 pulls on a bungee cord has been uti-
lized to evaluate cardiovascular response on all of these missions. No
significant difference in the response to this calibrated exercise load
has been noted through the 1b-day flight. In addition lo these programed
exercise response tests, the bungee cord has been utilized for additional
exercise -periods. Daily, during the 1ll-day mission, thé crew performed
10 minutes of exercise, including the use of the bungee'cord for both
the arms and the legs, and some isometric exercises. These 10-minute
periods preceded each of the three eating periods.

Sleep

A great deal of difficulty was encountered in obtaining satisfactory
sleep periods on the L-day mission. Even though the flight plan was
modified during the mission, in order to allow extra time for sleep, it
was apparent postflight that no long sleep period was obtained by either
crewman. The longest consecutive sleep period appeared to be U hours,
and the command pilot estimated that he did not get more than 7.5 to
8 hours good sleep in the entire L4 days. Factors contributing to this
lack of sleep included: (1) the firing of the thrusters by the pilot
who was awake; (2) the communications contacts, because the communica-
tions could not be completely turned off, and (3) the requirements of
housekeeping and observing made it difficult to settle down to sleep.
Also the responsibility felt by the crew tended to interfere with
adequate sleep.

An attempt was made to remove a few of these variables on the 8-day
mission and program the sleep periods in conjunction with normal night
time at Cape Kennedy. This required the command pilot to sleep from
6 p.m. until midnight eastern standard time and the pilot to sleep from
midnight until 6 a.m., each getting a 2-hour nap during the day. This
program did not work out well due to flight plan activities and the fact
that the crew tended to retain their Cape Kennedy work-rest cycles with
both crewmen falling asleep during the midnight to 6 a.m. Cape Kennedy
night time period. The 8-day crew also commented thet the spacecraft was
so quiet that any communication or noise, such as removing items attached
with Velcro, produced an arousal reaction.

On the 1lli-day flight, the flight plen was designed to allow the crew
to sleep during hours which generally corresponded to night time at
Cape Kennedy. There was a 10-hour period established for this sleep
(fig. ;h—6) and it worked out very well with their normal schedule. In
addition, both crewmen slept at the same time thus obviating any arousal
reactions from the actions of the other crew member. The beginning of
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the scheduled rest and sleep period was altered to move it one-half hour
earlier each night during the mission in order to allow the crew to be
up and active throughout the series of passes across the southern

United States. Neither crewman slept as soundly in orbit as he does on
the earth and our inflight observations were confirmed in the postflight
debriefing. The pilot seemed to fall asleep more easily and could sleep
more restfully than the command pilot. The command pilot felt that it
was unnatural to sleep in a seated position, and he continued to awaken
spontaneously during his sleep period and would monitor the cabin dis-
plays. He did become increasingly fatigued over a period of several
days, then he would sleep soundly and start his cycle of light inter-
mittent sleep to the point of fatigue all over again. The cabin was
kept quite comfortable during the sleep periods by the use of the polar-
oid screen and some foil from the food packs on the windows. The noise
of the pneumatic pressure-cuff for Experiment M-1, did interfere with
sleep on both the 8-day and ll-day missions. The crew of the L-day
flight was markedly fatigued following the mission. The 8-day crew was
less so and the ll-day crew the least fatigued of all. The 1lh-day crew
did feel there was some irritability and loss of patience during

the last 2 days of the mission but they continued to be alert and sharp
in their responses and no evidence of performance decrement was noted.

Food

The diet has been controlled for a period of 5 to T days preflight
and, in general, has been of a low residue. The Gemini VII crew were on
a regulated calcium diet of low-residue-type for a period of 12 days
before their 1ll-day mission. The inflight diet has consisted of freeze
dehydrated and bite-size foods. A typical menu is shown in table 2L4-VI.
The crew are routinely tested with the inflight menu for a period of sev-
eral days before final approval of the flight menu is given. On the
Lh-day flight, the crew was furnished a menu of 2500 calories per day
to be eaten at a rate of U meals per day. They enjoyed the time that
it took to prepare the food and they ate all the food available for their
use. They commented that they were hungry within 2 hours of ingesting
a meal, and that within L hours after ingesting a meal, they felt a
definite physiological need for the 1lift produced by food. These find-
ings were in marked contrast to the 8-day mission where each crew mem-
ber was furnished 3 meals per day for a caloric value of 2750. Again
these meals consisted of one juice, two rehydratable food items, and
two bite-size items. The 8-day crew felt no real hunger though they
did feel a physiological 1ift from the ingestion of a meal. They ate very
little of their bite-size food and subsisted principally on the rehydra-
table items. A postflight review of the returned food revealed that the
average caloric intake per day varied around 1000 calcries for this crew.
Approximately 2450 calories per day, was prepared for the lli-day mission
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: 2
and included ample meals for lhg-days. Inflight and postflight analyses

have revealed that this crew actually consumed about 2200 calories per
day.

Water Intake

There has been an ample water supply on all of these missions con-
sisting of approximately 6 pounds per man per day of potable water.
Prior to the Lb-day and 8-day missions, the water intake was estimated by
calibrating a standard mouthful or gulp for each crewman; then, during
the flight, the crew would report the water intake by such measurements.
On the lU-day mission, the water intake was less than desired in the first
2 days of the mission but increased during the latter part of the flight,
varying from 2.5 to 5.0 pounds in a 24-hour period. The crew were
dehydrated in the postrecovery period. On the 8-day mission, the crew
did much better on their water intake, averaging 5.2 to 5.8 pounds per
24 hours and they returned in an adequately hydrated state.

For the, 14-day mission, the water dispensing system was modified
to include a mechanism whereby each activation of the water dispenser
produced one-half ounce of water and this activated a counter. The num-
ber of counts and the number of ounces of water were laboriously logged
by the crew. It has been obvious that the crewmen must be reminded of
their water intake and when this is done they manage very well. The
14-day crew were well hydrated at the time of their recovery and their
daily water intake is presented in figure h-7,

Waste Disposal

A urine collection device has been utilized on each of the Gemini
missions and has been modified according to need and experience. On
the 1lt-day flight, for the first time, the system permitted the collec-
tion of urine samples. Prior to this time, all of the urine was flushed
overboard. The system shown in figure 24-8 allowed for collection of a
T5cc sample and the dumping of the remainder of the urine overboard. The
total urine volume could be obtained by the use of a tritium dilution
technique.

The handling of fecal waste has been a bothersome inflight problem.
Before the mission, the crews eat a low-residue diet, and, in addition,
on the 8-day and 1L-day missions, they have utilized oral and suppository
Dulocolax for the last 2 days tefore flight. This has proved to be a
very satisfactory method of preflight preparation. The fecal collection
device is shown in figure 2L-9.
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The sticky surfaces of the bag opening can be positioned much easier
if the crewmen is out of the space suit as occurred during the 1l4-day
flight. The system does create only a minimum amount of difficulty dur-
ing use inflight and is an adequate method for the present missions.

On the 1h-day flight, the system worked very well and allowed the col-
lection of all of the fecal specimens for use with Experiment M-7.

Bowel habits have varied on each of three long-duration missions,
as might be expected. Figure 24-10 lists the defecations recorded for
these three missions, and the longest inflight delay before defecation
occurred was 6 days on the ll-day mission. The opportunity to measure
urine volume on the 1lh-day flight has been of particular interest as
it had been anticipated a diuresis would occur early in the flight.
Figure 24-11 shows the number of urinations per.day and the urine vol-
ume as determined from the flowmeter utilized on the 1l4-day mission.
The accuracy of these data will be compared with that from the tritium
samples.

MEDICATIONS

Medications in both injectable and tablet forms have been routinely
provided on all flights. The basic policy has continued to be that a
normal man is preferred and that drugs are used only if necessary. A
list of the supplied drugs is shown in table 24-VII and the medical kit
is shown in figure 24-12. The injectors may be used through the suit,
though to date none have been utilized. The only medication used thus
far has been dexedrine taken prior to reentry by the Gemini IV crew.
This was taken to insure an adequate state of alertness during this
critical mission period. 1In spite of the minimal use of medications,
they must be available on long-duration missions and each crew member
must be pretested to any drug which may be potentially used. Such pre-
testing of all of the medications listed in table 24-VII has been carried
out with each of the crews.

On the 1ll-day mission, a sensor repair kit, shown in figure 2&-13,
was carried to allow the reapplication of medical sensors should
they be lost during the flight. The kit contained the sensor Jelly
and the stomaseal and dermaseal tape for sensor application. In addi-
tion, the kit contained small plastic bottles filled with & skin lotion,
which was a first-aid cream. During the ll-day mission, this cream was
used by both crewmen to relieve the dryness of the nasal mucous membranes
and was used occasionally on certain areas of the skin. During the
mission, the lower sternal electrocardiogram sensor was replaced by both
crewmen and excellent data were obtained after replacement.
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PSYCHOLOGY OF FLIGHT

Frequent questions are asked concerning the ability of the crew
members to get along with one another for the long fllght periods. Every
effort is made to choose crew members who are compatlble, but it is truly
remarkable that none of the crews, including the long- duratlon crews,
have had any inflight psychologlcal difficulties ev1dent to the ground
monitors or that were discussed in postflight debrleflngs They have had
some normal concerns for the inherent risks of space flight. They were
well prepared for the fact that 4, 8, and 14 days in space in such a
confined environment would not be an easy task. They had trained well,
done everything humanly possible for themselves and knew that everyone
connected with the program had done everything possible to assure their
stay. There is some normal increased tension at lift-off and also prior
to retrorocket firing. There was some normal psychological letdown
when the Gemini VII crew saw the Gemini VI-A spacecraft depart after
their rendezvous. However, the Gemini VII crew accepted this very well
and immediately adjusted to the flight-plan activity.

A word 'should be said about overall crew performence from a medical
point of view. The crews have performed in an exemplary manner during
all flights. There has been no noted decrease in performance, and the
fine control tasks such as reentry and, notably, the 11lth day rendezvous
during the Gemini VII mission have been handled with excellent skill.

ADDITIONAL INFLIGHT OBSERVATIONS OF MEDICAL IMPORTANCE

The crews have always been busy with flight-plan activity and have
felt that their days were complete and full. The ll-day crew carried
some books, occasionally read them in the presleep period, and felt they
were of value. In neither instance were the books completed. Music
was provided over the high-frequency air-to-ground communications link
to both the 8-day and the 1ll-day crews. They found this to be a welcome
innovation in their flight-plan activity.

The crews have described a sensation of fullness in the head that
occurred during the first 24 hours of the mission and then gradually
disappeared. This feeling is similar to the increase of blood a person
notes when hanging on parallel bars or when standing on his head. There
was no pulsatile sensation in the head and no obvious reddening of the
skin. The exact cause of this condition is unknown, but it may be re-
lated to an increase of blood in the chest area as a result of the
readjustment of the circulation to the weightless state.
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It should be emphasized that no crew members have had disorientation
of any sort on any Gemini mission. The crews have adjusted very easily
to the weightless environment and accepted readily the fact that objects
will stay in position in mid-air or will float. There has been no dif-
ficulty in reaching various switches or other items in the spacecraft.
They have moved their heads at will and have never noticed an aberrant
sensation. They have always been oriented to the interior of the space-
craft and can orient themselves with relationship to the earth by rolling
the spacecraft and finding the horizon through the window. During the
extravehicular operation, the Gemini IV pilot oriented himself only by
his relationship to the spacecraft during all of the manuevers. He :
looked repeatedly at the sky and at the earth and had no seusations of
disorientation or motion sickness at any time. The venting of hydrogen
on the 8-day flight created some roll rates of the spacecraft that became
of such magnitude that the crew preferred to cover the windows to stop
the visual irritation of the rolling horizon. Covering the windows '
allowed them to wait for a longer period of time before having to damp
the rates with thruster activity. At no time did they experience any
disorientation. During the 1llh-day flight, the crew repeatedly moved
their heads in various directions in order to try and create disorien-
tation but to no avail. They also had tumble rates of T to 8 degrees
per second created by venting from the water boiler, and one time they
performed a spin-dry maneuver to empty the water boiler and this created
roll rates of 10° per second. On both occasions they moved their heads
freely and had no sensation of disorientation.

The crews of all three long-duration missions have noted an
increased g sensitivity at the time of retrofire and reentry. All the
crews felt that they were experiencing several g's when the g meter was
just beginning to register at reentry. However, when they reached the
peak g-load, their sensations did not differ from their centrifuge ex-

perience.
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PHYSTICAL EXAMINATION

A series of physical examinations have been accomplished before
each flight in order to determine the crew members readiness for mis-
sion participation and also after each flight to evaluate any possible
changes in their physical condition. These examinations normally
have been accomplished 8 to 10 days before launch, 2 days before launch,
on launch morning, and immediately after the flight; and have been con-
cluded with daily observations for 5 to 10 days after recovery. These
examinations thoroughly surveyed the various body systems. With the
exception of items noted in this report, there have been no significant
varistions from the normal preflight baselines. The 1k -day crew noted
a heavy feeling in the arms and legs for several hours after recovery
and they related this to their return to a one-g environment at which
time their limbs became sensitive to weight. In zero-g condition, the
crew had been aware of the ease in reaching switches and controls due
to the lack of weight of the arms. The 8-day crew also reported some
heaviness in the legs for several hours after landing. Both the 8-day
and 1lh-day crews reported some muscle stiffness lasting for several days
after recovery. This was particularly noted in the legs and was simi-
lar to the type of stiffness resulting from initial athletic activity
after a long period of inactivity.

On all the missions there has been minimum skin reaction surrourling
sensor sites and this local irritation has clceared rapidly. There have
been a few small inclusion cysts near the sternal sensors. In preparing
for the 8-day flight the crews bathed daily with hexachlorophene for
approximately 10 days before the flight. In addition, the underwear was
washed thoroughly in hexachlorophene and attempts were made to keep it
relatively free of bacteria until donning. The 1h-day crew showered
daily with a standard hexachlorophene-containing soap and also used
Selsun shampoos for a 2-week period. Following the 8-day and 1lk-day
missions, the crew members skin was in excellent condition. The 8-day
flight crew members did have some dryness and scaling on the extremities
and over the sensor sites, but after using a skin lotion for several
days, the condition cleared rapidly. The 1h-day crew members skin did
not have any dryness, and required no treatment postflight. After their
flight, the 8-day crew had some marked dandruff and seborrheic lesions
of the scalp which required treatment with Selsun for a period of time.
The 14-day crew had virtually no dandruff in the postflight examination,
nor was it a problem during flight.

The crew of the 1ll-day mission wore new lightweight space suits
and, in addition, removed them for a portion of the flight. While sig-
nificant physiological differences between the suited and unsuited crew-
man were difficult to determine, it was noted that the unsuited crewman
exercised more vigorously, slept better, and had higher urine output
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because fluid was not being lost as perspiration. The excellent generai
condition of the crew members, in particular, their skin condition, is,
to a large extent attributable to. the unsuited operations.

Bacterial cultures were taken from each crew member's throat and
several skin areas before and after the long-duration missions. The
numbers of bacteria in the throat flora were reduced and there was an
increase in the fecal flora in the perineal areas. All fungal studies
were negative. ‘ {

Postflight ear, nose, and throat examinations have consistently
been negative and caloric examinations before and after each flight have
been normal. On each of the long-duration missions, the crews have re-
ported nasal drying and stuffiness and this has been evident by the
nasal voice quality during voice communication with the surgeon at the
Mission Control Center. This symptom has lasted varying amounts of
time, but has been most evident in the first few days of the mission.
The negative postflight findings have been of interest in view of these
inflight observations. The crews have reported they found it necessary
to clear their ears frequently inflight. Some of this nasal and pharyn-
geal congestion has been noted in the long-duration space cabin simu~
lator runs in a similar environment. It may be related to dryness,
although the cabin humidity would not indicate this to be the case or
another cause might be the pure oxygen atmosphere in the cabin. It may
also be related to a possible change in blood supply to the head and
thorax as a result of circulatory adaptation to weightlessness.

The oral hygiene of the crew members has been checked closely be-
fore each flight and has been maintained inflight by the use of a dry
toothbrush and a chewable dental gum. This technique provided excellent
oral hygiene through the 1k-day flight.

Weight

A postflight weight loss has been noted for each of the crew mem-
bers; however, it has not increased with mission duration and has aver-
aged 7 to 8 pounds. The majority of the loss has been replaced with
fluid intake within the first 10 to 12 hours after landing. Table 2L-VIII
shows the weight loss and postflight gain recorded for the crewmen of
the long-duration flights. {

Hematology

Clinical laboratory hematologic studies have been conducted on all
missions, and some interesting findings have been noted in the white

blood-cell counts. The changes are shown in figure 2hk-1Lk. It can
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be seen that on the Lk-day flight there was 2 rather marked absolute in-
crease in white blood cells, specifically neutrophiles, which returned
to normal within 24 hours. This finding was only minimally present fol-
lowing the 8-day flight and was noted again following the 14-day flight.
It most likely can be explained as due to an epinephine response. The
red-cell counts show some postflight reduction that tends to confirm
the red-cell mass data to be discussed.

Urine and blood chemistfy tests have been performed before and after
each of the missions, and the results may be seen in tables 2L-IX and
2h-X. The significant changes noted will be discussed with Experiment
M-5.

Blood Volume

On each of the long duration flights, plasma volume has been de-
termined by the use of a technique utilizing radio-iodinated serum al-
bumin. On the 4-day mission, the red cell mass was calculated by
utilizing the hematocrit determination. Analysis of the data caused
some concern as to the validity of the hematocrit in view of the dehy-
dration noted. The 4-day mission data showed 7 and 15 percent decrease
in the circulating blood volume for the two crew members, and 15 percent
decrease in plasma volume, and an indication of 12 and 13 percent de-
crease in red-cell mass although it had not been directly measured. As
a result of these findings, red cells were tagged with chromium 51 on
the 8-day mission in order to get an accurabte measurement of red-cell
mass while continuing to utilize the radio-iodinated serum albumin tech-
nique for plasma volume. The chromium-tagged red cells also provided
a measure of red-cell survival time. At the completion of the 8-day
mission, there was 13 percent decrease in blood volume, 4 to 8 percent
decrease in plasma volume and 20 percent decrease in red-cell mass.
These findings pointed to the possibility that the red-cell mass decrease
might be incremental with the duration of exposure of the spaceflight
environment. The 1ll-day flight results show no change in the blood vol-
ume, 4 and 15 percent increase in plasma volume and 7 and 19 percent
decrease in red-cell mass for the two crew members. In addition to these
findings, the red-cell survival time has been reduced. All of these re-
sults are summarized in'figmre»eh-l5, It cen be concluded that the de-
crease in red-cell mass is not incremental with increased exposure to
the space-flight environment. On the 1lh-dazy flight, the maintenance of
total blood volume, by increasing plasma volume, and the weight loss
noted indicated that some fluid loss occurred in the extracellular com-
partment but that the loss had been replaced by fluid intake after the
flight. The detailed explanation of the decreased mess i1s unknown at
the present time and several factors, including the atmosphere, may be
involved. This loss of red cells has not Imterfered with normal function
and is generally equivalent to the blood withdrawn in a blood bank do-
nation, but the decrease occurs over a longer period of time and this
allows for adjustment.
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Tilt Studies

The first abnormal finding noted following manned space flight was
the postflight orthostatic hypotension observed on the last two Mercury
missions. Study of this phenomenon has been continued in order to de-
velop a better appreciation of the physiological cost of manned space
flight. A special saddle tilt table shown in figure 2L-16 has been used,
and the tilt table procedure has been monitcred with electronic equip-
ment providing automatic monitoring of blood pressure, electrocardiogram,
heart rate, and respiration. The procedure consists of placing the
crewvman in a horizontal position for 5 minutes for stabilization, tilting
to the TO-degree, head-up position for 15 minutes and then returning to
the horizontal position for another 5 minutes. In addition to the usual
blood pressure and pulse rate determinations at minute intervals, some
mercury strain gages have been used to measure changes in the circumfer-
ence of the calf. On the b-day, 8-day, and 1lli-day missions there were
no symptoms of faintness experienced by the crew at any time during the
landing sequence or during the postlanding operation. Abnormal tilt
table responses, when compared with the preflight baseline tilts, have
been noted for a period of 48 to 50 hours after landing. Typical initial
postlanding tilt responses are graphed for the Y-day and 8-day mission
crews in figures 24-17, through 24-20. A graph of the percentage in-
crease in heart rate from baseline normal to that attained during the
initial postflight tilt can be seen in figure 2L-21. All of the data
for Gemini III through VI-A fell roughly on a linear curve. The pro-
jection of this line for the 1l-day mission data would lead one to
expect very high heart rates or possible syncope. It was not believed
this would occur. The tilt responses of the lh-day mission crew are
shown in figures 24.22 and 2L-23,

The response of the command pilot is not unlike that of previous
crewvmen and the peak heart rate attained is more like that seen after
L days of space flight. The tilt completed 2L hours after landing is
virtually normal. The pilot's tilt at 1 hour after landing is a beauti-
ful example of individual variation, for he had a vagal response and the
heart rate which had reached 128, dropped, as did the blood pressure,
and the pilot was returned to the horizontal position at 11 minutes.
Subsequent tilts were similar to previous flights and the response was
at baseline values in 50 hours. When these data are plotted on the
curve in figure 24-21, it will be noted that they more closely resemble
b-day mission data. There has been no increase in the time necessary
to return to the normal preflight tilt response, 50-hour period, re-
gardless of the duration of the flight., The strain-gage data generally
confirm pooling of blood in the lower extremities during the period of
roughly 50 hours that is required to readjust to the one-g environment.
The results of these studies may be seen in figure 2L-2l,
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Bicycle Ergometry

In an effort to further assess the physiologic cost of manned space
flight, an exercise capacity test was added for the 1ll-day mission.
This test utilized an electronic bicycle ergometer pedaled at 60 to
70 revolutions per minute. The load was set at 50 watt% for 3 minutes
and increased by 15 watts during each minute. Heart rate, respiration
rate, and blood pressure were recorded at rest and durihg the last
20 seconds of each minute during the test. Expired airfwas collected
at several points during the test which was carried to a heart rate
of 180 beats per minute. Postflight results demonstrated a decrease
in work tolerance as measured by a decrease in time necessary to reach
the end of the test amounting to 19 percent on the cormand pilot and
26 percent on the pilot. There was also a reduction in physical com-
petence measured as a decrease in oxygen uptake per ltilogram of body
weight during the final minute of the test.

MEDICAL EXPERTMENTS

Certain procedures have been considered of such importance that
they have been designated operationally necessary and have been performed
in the same manner on every mission. Other activities have been put
into the realm of specific medical experiments in order to answer a par-
ticular question or to provide a particular bit of information. These
investigations have been prograned for specific flights. An attempt has
been made to aim all of the medical investigations at those body systems
which have indicated some change as a result of our earlier investiga-
tions. Thus, attempts are not being made to conduct wide surveys of
body activity in the hope of finding some abnormality but the investi-
gations are aimed at specific targets. A careful evaluation is conducted
on the findings from each flight and a modification is made to the ap-
proach based upon this evaluation in both the operational and experi-
mental areas. Table 2L4-XI shows the medical experiments which have been
conducted on the Gemini flights to date.

RADIATION

The long-duration flights have confirmed previous observations that
the flight crews are exposed to very low radiation-dose levels at orbital
altitudes. The body dosimeters on these missions have recorded only
millirad doses which are at an insignificant level. The recorded doses
may be seen in table 2L-XIT.
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CONCLUDING REMARKS

A number of important medical observations during the Gemini ﬁlights
have been made without compromising man's performance. It can be stated
with certainty that all crewmen have performed in an outstanding m%nner
and have adjusted both psychologically and physiologically to the zesro-g
environment and then readjusted to a one-g environment with no undue
symptomatology being noted. Some of the findings noted do require fur-
ther study, but it is felt that the experience gained through the 1h-day
Gemini VII mission provides great confidence in any crewmen's ability
to complete an 8-day lunar mission without any unforeseen psychological
or physiological change. It also appears that man's responses can be
projected into the future to allow 30-day exposures in larger spacecraft.
The predictions thus far have been valid., Our outlook to the future is
extremely optimistic and man has shown his capability to fulfill a role
as a vital, functional part of the spacecraft as he explores the uni-
verse,
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FIGURE 24-1

BIOSENSOR HARNESS AND SIGNAL CONDITIONERS
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