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FOREWORD

Travel through our solar system and ultimately
through our galaxy represents a goal whieh apprars to
be achievable by man. Most of the problems of
propulsion,  spacecraft  structures,  and mudance
svstems have been solved through the outstanding
engincering elfforts of the 1900s. Now, with the
Skylabh missions. altention turns from  the more
hardware-oriented issues to man himself. We ddo not
know what the physiological performance of the
body will be in the weightlessness ol a long-duration
space flight. We do not know whether the changes
seen in Gemini and Apollo crewmen are self-limiting
adaptative processes or whether they represent the
beginnings of serions physiological deterioration. The
Skylab Program will provide valuable data with which

one can hegm to resolve these izsues,

The Shylab Medieal Experiments Altitude Fest
(SMEATY was an mntegral part of the Sky tab Program.
SMEAT

hiomedical  data and o

~srved  both o wather vital  baseline

resolve many ol the
cqquipment and procedural problems which other-
wise might have impaired Shylab, To all persons
and organizations who worked on the  SMEAT
wonld  hike  to

tor and completion of

program, | extend  my sineere

thanks. The
SMEAT required individnal dedication, a desire o

preparation

et the job done, wud a willingness to g that
Without =uch
formanee. it would not have  been possible o

“second  omidel” oul~tanding  per-
complete this dilTicult and complex est program.
Fvervone should  be proad ol the contributions

which have been made to the Skylab Program.
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CHAPTER 1
INTRODUCTION

Richard S. Johnston
Director of Life Sciences

Lyndon B. Johnson Space Center

The Skylab Program provides a unique laboratory
for the study of physiological change produced in
man by long term residence in space. Valuable infor-
mation will be gained concerning the real nature of
changes found in carlicr and shorter space missions.
Inasmuch as the Skylab Program represents a new
order of complexity in space activities, it required
increased support and testing prior to flight. The
Skylab Medical Experiments Altitude Test (SMEAT)
was conducted both to test preparations for the
mission and 10 observe, using a Shylab atmosphere
and facilities at Earth's gravity, any physiological
changes in crewmembers. Such changes, if found,
could be attributed to the SMEAT environment in
which weightlessness played no part. These results
would be of great value in assessing the role of
weightlessness in later Skylab results.

The Skylab Medical Experiments Altitude Test
represents a quantum step forward in the progress of
test and simulation procedures for mission support.
The SMEAT Program was a simulation of a 56-day
Skylab mission, conducted at the Lyndon B. Johnson
Space Center. This simulation, in which three mem-
bers of the astronaut corps served as subjects,
provided an excellent test bed for the evaluation of
crew procedures, flight equipment, and mission sup-
port. In many respects, the SMEAT Program was a
separate space mission in itk own right. It was unique
in the extent o which it approximated full simula-
tion of a space mission. The physical facility was
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quite similar o that of Skylab: the atmosphere was
identical (706 O5/300 Ny at 5 psi): crew aclivilies
were fully representative; the timeline of events was
that of an operational mission: and full mission
support was provided, just as would be the case in

Skylab.

The antecedents of Skylab, and SMEAT, reach
into the carly days of space activity. At that time
there to  he
answered. The first of these was “ls it possible to

were  two  (undamental  questions
send man into space and recover him unharmed?”
The affirmative answer Lo this question now has been
demonstrated many times. The second question was
“Can man live and perform efficientiy in space over
long periods of time?” There isnotas yeta deflinitive
answer for this question. Although results of earlier
flights, such as the fourteen-day Gemini mission, are
very encouraging. the mformation obtained does not
provide a clear picture of the changes produced in
man by exposure to the space flightenvironment and
ot his readjustment to the carth cnvironment upon

return.

Major manned space missions of the future can be
planned only if the condilions assuring man’s well-
being and effectiveness are defined. Fven the rela-
tively short Apollo missions make it clear that
changes take place in the major physiological systems
of the body during exposure to space. The true
nature of these changes is yet to be determined. It s
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not known at this time whether they represent the
beginnings of a gradual process of deterioration or
whether  they are adjustments leading o a new
adaptive state. 1t the fatter should be true, it will be
necessary o obtain an accurate time profile of this
adaptation process and, furlher, to assess the changes
brought abouwt during the period of readaplation
following return to carth.

One of the primary objectives of the Sk <lab
Program i= to allow better observation ol man-in-
space and to determine physiological change as a
function of weightless flight tme, as opposed o the
pre- and postllight studies of crewmen conducted in
the Apollo missions. Thix program affords an oppor-
tunity to study hiomedical questions in depth. The
28. and 30-day missions are sufficiently long for one
to observe any critical changes and to make detailed
records of the progress of gradual alterations in basic
biological processes,

In carly planning for the Skylab biomedical
program, 3 move waxs initiated to consolidate the list
of proposed medical rescarch incasurements into five
principal categories, cach of the five 1o be related to a
major phy siologieal system. Thus, measurements re-
lating to the performance of the cardiovascular
system were organized o that they together would
comprise a {light experiment, the ultimate meaning of
which would be greater than the sam of the knowl-
edge gained from individual measures if the latter
were to be conducted out of context. Similarly
organized  were  measurements  relatimg to the
musculosheletal system. the nervous system,  the
renal-endocrine-mineral system, and the respiratory -
metabolic system. Under this philosophy, a set of
Experiment Implementation Plans was prepared for
approval by the NASA Manned Space Flight Expen-
ments Hoard. As preparations for Skylab proceeded,
it wax necesaary to make a number of changes in the
organization ol the measurement  program,
particularly where complex hardware or instrumenta-
tion systems made desirable a separately identifiable
task to speed implementation and to reduce cost.
lHowever, the overall biomedical measurement pro-
gram still adheres 1o the philosophy that the sum of
these measurements should provide an accurate and
detailed assessment of both groxs and subtle changes

which might occur within the major physiological
systems of the body.

Program Objectives

The objective of the Skylab Medical Experiments
Altitude Test was o provide a ncarly  full-scale
simulation of a H6-day Skylab mission. Through this
simulation, all crew procedures and equipment opera-
tions could be tested, and final training of support
prrsonnel could be conducted. Of particular impor-
tance was the opportunity to test and refine data
collection techniques for, alter all, the entire raison
détre for Skyvlab lies in its ability o return meaning-
{ul measurements.

For program planning, six specific objectives were
listed for SMEAT ., as follows:

1. Obtain and evaluate baseline medical data for
up to 50 days for those medical experiments which
might be affected by the Skylab  environment,
SMFEAT simulates the Shylab enviconment in terms of
all major parameters except one, weightlessness. The
atmosphere, the work program, and the social en-
vironment all were essentially identical to that of
Skylab. Therefore, it was considered quite important
to obtain baseline clinical measures as well as data
from all major medical experiments to provide a
baseline against which one could compare later results
from Skylab mission=, 1n this manner, an indication
could be  zained  concemning  the  biomedical
imporlance of weightlessness per se as an experi-
mental variable,

2. Fvaluate  selected  experiments  hardware,
systems, and aucillary equipment. This proved to be
an invaluable part of the SMEAT effort. In mam
instances, specific hardware jtems failed to function
appropriately. In other cases, use of the hardware
made it obvious that its utility and acceptance could
be inecreased through a redesign program. Certain
items of equipment, such as the urine collection
system, underwent extensive redesign subsequent (o
SMEAT and prior to use in the Skylab Program.

3. Evaluate data reduction and data handling
procedures in a mission duration time frame. To meet
this objective, all constraints imposed by an actual
mission  were included, even for such matters as
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acquiring data only at times when such would be
possible during a mission, as the Orbital Workshop

|»a.\~'¢-c| over a network station.

4. Fvaluate preflight and postilight medical sup-
port operations, procedures, and equipment. Thiz was
considered  particularly important view ol the
heavy biomedical orientation for the first manned
Shylab mission. To this end. a (light medical opera-
tions team manned remote consoles as planned for
the Mission Control Center during actual Skylab
Misstons.

5. Evaluate medical inflight experiment operating
procedures and erew checklists, SMIEAT involved use
of actual Skylab medical experiment hardware as it
would be installed in Skylab and with the require-
ment to provide usable measurements, Changes were
made in this equipment subsequent to SMEAT onhy
to improve accuracy of data collection.

6. Train Skylab medical operations team for
participation during the (light. In fact, the training
benelit of SMEAT proved o be considerably greater
than indicated by this objective. All management and
support personnel received invaluable training Tor
Skylab during the conduct of SMEAT.

Program Plans

Initial proposals for an altitude chamber test
program were studied for about 4 ycar and a half,
leading to approval in February 1971 of formal plans
for a Skylab Medical Experiments Altitude Test.
Shylab medical experiment equipment items were
delivered to the Johnson Space Center starling in
carly 1972 and served as the test equipment for the
SMEAT Program.

The SMEAT test was conducted in three phases:
prechamber  beginning  six months prior to the
chamber test: 50-day chamber test: and 18-day
postchamber testing. The actual chamber test began
on 26 July 1972 The test was conducted in a cvhn-
drical, twenty-foot diameter vacuum chamber at the
Johnson Space Center. This chamber was configured
1o resemble the part of the Skylab in the Orbiting
Workshop (DWS) referred 1o as the Crew Quarters.
During this test, Skvlab mission procedures were used

o the fullest extent possible. Al communications
with astronauts, for example, were relayed through
the Mission Control Center CAPCON commnunication
technique. Crew supporl procedures, such as those
for food service and personal hygiene, also were
structured in accordance with those of Shvlab. The
major medical experiments and  the detailed test
objectives (DTN accomplished during the SNEAT
program may be sammarized as Tollow s,

Skylab Medical Experimenls
Cardiovascular/Hemodynamic

M092  Lower Bodv Negative Pressure. Obtaim
baseline data concernimg the time course of cardio-
vascular deconditioning during fong ternn residence
zero ¢ and predict the degree of phy sical impairment
that may  be expericneed upon return o carth’s
gravity . Obtain verification of procedures and crew

operational capability.

M093  Vectorcardiogram. Determine  referenee
data and changes in the eleetrical activity of the heart
caused by exposure to the Skylab atinosphere and
other specific stressors. Correlate the changes that are
detected with those known o oceur alter specilie

atress in normal eovironments,

MII1 Cytogenetic Studies of Blood. Determine
the preflight and postflight chromosome aberration
{requencies in the pl:ripht'riﬂ blood lukocytes of the
Shylab crewmen. Because chromosome  aberration
yields of peripheral leuhoeytes have been sensitive
indicators of radiaion exposure, this experiment
could alo be used 10 assess the radiation exposure of

the crewmen.

M112 llematology and Immunology. Determine
the effects of space flight on the hormonal and
cellular aspects of immunity and detect quantitative
and ualitative changes in the immunoglobulins and
related proteins and lymphocyte functions. Of special
interest are indications of a change in man’s ability to
combat infections and repair traumatized tissues alter
exposure Lo the space environment.
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M113 Blood Volume and Red Cell Life Span. De-
termine changes i red coll mass; red cell production,
and red cell suevival caused by a Shylab environment.
The experiment will also provide analy tical informa-
tion in the form of plaspia vohime shift data that niay
offer insight into the mechamsm ol cardiovascular

deconditioning and orthostasis.

W11 Red Blood Cell Metabolisut. Determine the
viauses of any changes in red cell metabolism and in
membrane integeity in man as a result of fong term
stay s in the space environment.

Mi1S
critical physicochemical hematological parameters re-

Special  Hematologic  Effects. Examine
lative 1o the maintenance of homeostasi~ and evaluate

the effeets of space thght on these parameters,

Musculoskeletal/Metabolic

MOTH Mineral Balance. Deteemine the effects of

space  flight on musculosheletal mictabolism by
measuring  the daily  gains or losses of pertinent
biochemical substances. Substances of interest in-
clude  caleium,  phosphorus,  magnesium,  sodium,
potassium, and protein. SMEAT evaluated the effects

of altered Shylaly atmosphere on these substances,

MOZ 1 Specimen Mass Measurement. Demonstrate
the capability to accurately “weigh™ masses as greal
at 1O @ with a device designed to operate in a
zero g environment. The experiment provides a means
to determine the mase of food residues and of feces

and vomitus generated by Skylab crewmen.

M078 Bone Mineral Measurement. Measure bone
mineral changes that result from exposure to weight-
lessness. Mineral measurements are tahen of the left
os caleis and right radiux of cach crewman, both pre-
and postflight. SMEAT provided a micthod to deter-
mine if changes in bone mineral levels were affected
by reduced atmospheric pressure and elevated carbon
dioxide partial pressure.

MI171 Metabolc Activity. Fvaluate the metabolic
rate measurements of man while resting or doing
work during prolonged exposure to the spacecraft
atmosphere and compare these results with those
obtained in normal sea level environments.,

Endocrine/Electrolyte

M073 Biassay of Body Fluids. Fvaluate the
endocrinological inventory resulting from exposure
for extended periods 1o the space flight environment,
o space dicts, and to Skylab workloads. Also,
facilitate identification of changes i hormonal and
associated  {luid and vlectrolyte parameters as in-
dicated in samples of the blood and urine of
crewmen,

Neurophysiology

M133 Sleep Monitoring, Fvaluate objectively the
quantity and quality ol inflight sleep by means of
analysis ol clectroencephalographic  (EEG)  and
electrooenlographic (FOG) activity. Hlead movement,
FEG, and EOG data are taken during regularly
scheduled cight-hour sleep periods.

M151 Time and Motion Study. Fvaluate the
differences, correlation, and relative consistency  be-
tween ground-based and inflight task performance of
crewmen as measured by ime and motion determina-
tions.

SMEAT Detailed Test Objectives
Habitability Considerations

DTO71-7 and DTO71-8 Food Tray and SMEAT
Food System. Test the acceptability of food items
developed for Skylab. the reliability of their packag-
ing. and the functional adequacy of food serving,
preparation. storage, and  cleanup  procedures. A
special serving pedestal and tray and  specialized
utensils were used and evaluated.

DTO71-21 SMEAT Shower. Test the adequacy
of weekly whole-body cleansing during 56 davs of
confinement in a Skylab-type environment. The
SMEAT shower was similar but not identical to the
Skylab counterpart, A hand-held nozzle supplied six
pounds of water per shower.

DTO71-29 Hlousekeeping. Test the adequacy of a
housekceping system for keeping the Skvlab-like
chamber clean by wse of the  Apollo-developed
vacuum cleaner, wipes, tissues, disinfectant pads, and
suap,
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DTO71-30 Personal Hygiene. Test the elfeetive-
ness of the Skvlab personal hygiene kit to maintam
an acceptable degree of bodily cleanliness bhetween

weekly showers,

DTO71-27

Evaluation. lvaluate

Skylab Urine  System Operational
the  Orbital Workshop urine

collection systen.

Physiology/Health

DTO71-2 Effects of Skylab Medical Experiments
AMtitude Test on the Oral llealth of Crew-
men. Compare the microbial population dynamics in
the mouth= of SMEAT crewmen before during, and
after the 30-day trial and determine chinically the
effects of 5[)30('-hilllll|al¢‘(| enviromments on oral
health, preexisting dental cares, and  periodontal

disease.

DTO7i-18 Tests of the Inflight Microbiology
Unit. Fvaluate the equipment system design to per-
form basic diagnostic microbiology tests during the
Skylab mission.

DTOTI-19 Crew Microbiology and DTO71-28
Chamber Microbial Monitoring. Fxamine the effects
of confinement in a semiclosed ecosystem. the Skylab
dict, and the Shylab atmosphere, with it reduced
harometric pressure, on crew microbial burdens and
on the microbial ccology of the SMEAT chamber.

DTOT1-200 Operational Bioinstrumentation Sys-
tem. Test the Operational Bioinstrumentation Sy
tem prior o its use in Sky lab. The system is designed
to obtain physiological data during launch, extra-
vehicular activity, and retumm mission phases. The
OBS can also provide full time monitoring for an i
crewman. In SMEAT, the OBS was tested principally

during exercise.
Atmosphere Purification and Control Systems

DTO71-4 SMEAT Chamber Atmosphere Analysis
for Trace Contamnants. ldentify and quantitate
trace contamimants i the SMEAT chamber atmo-
sphere throughout the test to msure the safety of the
crew from toicological hazards and to alert the
existence of anv hazardous condition.

Wonoxide Monttor. Fyaluale

DTOT1-5

the performanee of a compact, purml'lv deviee for

(arbon

measiring the concentration ol carbon monoxide i
the chamber and for warning of dangerous levels Iy
visual and audible indications.

DTO71-6 Carbon Vont-

tor. Eyaluate the Shy lab (light configuration portable

Dioxide/Dewpont

carbon dioxide/dewpoint monitor {rom the point of
view of performance and procedures, This test also
provided data on variations n carbon dioxide and
dewpoint concentrations m a chamber configuration

similar 1o Skyvlab in volume and geometry

DTO71-26 Aerosol Analysis. Provide  real-time
count ol particles in the SMEAT atmosphere by use
of a small unit with a display readout, Postilight
examination of filters o determine the composition
and probable source ol particulate contaminants was

a part of this eflort.

DTO71-32 Command Module Carbon Dioxide
and Odor Absorber Flement Exposure Test. De-
termine the stowage requirements for odor absorber
clements designed for use in Skylab. This test was
designed o verihy whether the Skylab atmosphere

causes  unaceeplable  degradation of - the carbon
dioxide and odore absorher clements.
Data Acquisition

DTOT1-23 Skylab Data  Acquisition  Simula-

tion. Vest, on a noninterference basis, the opera-
tional procedures involved in acquiring and processing
biomedical experiment data in a mode approaching

that planned for Sky lab.

SMEAT Results

The SMEAT Program lasted for the full scheduled
56-day period. No major problems were encountered
that threatened its suceess. A number of problems did
develop, however, which required correction prior to
the launch of Skylab. lu fact, it is generally con-
luded that the full attainment of Skylab objectives
would be in some question were it not for the
contribution of SMEAT. These contributions were in

the five areas ol
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I. Operating procedures. The SMEAT test pro-
vided an opportunity  to conduel complete team
trainmg and to evaluate all procedures in a total
mission context. As a result, a Skylab “team™ was
developed which acquired both a mission identity and
a confidenee concerning ils capabilities for mission
control and support. Unquestionably, major improve-
ments were made i team conumunication procedures
and coordination during SMEAT. As a result, Skylab
could be approached with a sense of complete

preparcdness,

2. Baseline biomedical data. Usalle information
was obtained from virtually all of the major medical
expraments Lo be conducted in Skylab. These data
are presented i later sections of this report. Al
though different astronauts will participate in the
actual Skylab missions, the data obtained from the
three crewmembers of SMEAT will prove invaluable
when  saentists altempt to dillerentiate between
cffects of weightlessness and those eflects due o
other features of the space envirommenl,

3. Impact on Might equipment. The SMEAT
results were very  beneficial i pointing the way
toward redesign and improvement of certain equip-
ment items scheduled for use i Shy lab, Major and
fundamental - problems  were  encountered  with
medical experiment equipment including the urine
volume incasuring system, the metabolic analyzer,

and the bicycle ecrgometer. Additional problems were

encountered with use of the blood pressure measuring
system and the cardiotachomelter. Data were provided
for all of these items which could be used in their
redesign Lo insure complete acceptability for Skylal.

4. Data collection and handling. At a number of
places in the data collection, storage, and trans-
mission loops of SMEAT, the flow of data proved 1o
be dess than ordedy . Although the schedule called for
data to be “dumped™ at prescribed points comparable
o twose in the SKy lab inission profile, data backups
were experienced and the dumping  points were
missed. hinprovements were made, and the entire
process now appears relatively free of bottlenecks and
ready for uxe in Skylab.

5. Crew issues. No apparent crew health prob-
letms were induced by the atmosphere, semiclosed
enviroument, or other test features of SMEAT. There
was no appreciable degradation in crew performance
over the period of the test. Significant individual
differences were noted, however, in the response of
crewmembers to select features of the test environ-
menl. For example, it appears that selection of diet
must be more carefully tailored to the individual
requirements and preferences of crewmembers than
was thought 10 be the case prior to the SMEAT text.
In gl'nl‘ra', however,  the
SMEAT performed excellently and provided a fund

three crewmembers of

of data from which to draw for the improvement of
Skylab procedures and equipment.



CHAPTER 2

PROGRAM ORGANIZATION

The Skylab Medical Experiments Altitude Test
was  documented the SMEAT Program Plan
published 21 January 1971, This

describes the scope and objectives of the program,

in
on document
the management system under which it would be
conducted, requirements for configuration of the
test test
processing, and detailed  test objectives for the
program. Revised March 1972, the Plan pro-
vided the overall structure for the SMEAT Pro-
gram and served to coordinate the cfforts of the

facility, control  documentation, data

in

many disparate groups working toward the SMEAT
goals.

Management Organization

The management structure within which  the
SMEAT Program was developed is shown in
Figure 2-1. Overall program dircction was exercised
by the Chairman the  SMFAT  Steering
Committee. The Chairman, operating through two
Test Project Managers, had six principal areas of
concern. These dealt with medical equipment sup-
port, the provision of appropriate flight-rated hard-

of

ware items Lo support the detailed test objectives
of SMEAT: medical experiment coordination, the
selection and development of an appropriate set of
medical experiments consistent with the goals of
SMEAT and, ultimately, those of Skylab; flight
procedures  coordination, the meshing  of  the
aclivities of the SMEAT Program with other JSC
astronaut programs, and with those of Skylab;
reliability  and  quality for program
materials and systems; mission training coordina-
tion, the establishment of eppropriate training re-
quirements and procedures for the diverse working
groups needed to  support SMEAT; and chamber
test support. the configuring and maintenance of
an appropriate test facility.

assurance:

2-1

During the course of the SMEAT Program, the

Steering Committee met at regularly  scheduled
times 1o review  and  resolve status, prohlems,

progress, changes and milestones of the Lest pro-
gram. Decisions of the Steering Committee insured
orderly progress and served o resolve miany ol the
issues which arose during SMEAT. The nembuers

of this Steering Commiltee were:

Medical Research and Operations
Directorate

R. S. Johnston,
Chairman

J. C. Stonesifer
{Alternate Chairman)

A. A Mandell

Medical Researeh and Operations
Directorate

Medical Research and Operations
Dircetorate

W. I1. Bush Medical Research and Operations
Dircetorate

W. H. Shumate Medical Research and Operations
Directorate

R. C. Aldridge

T. U. McEImurry

D. R. Puddy

€. N. Rice

Skylab Program Office

Flight Crew Operations Direclorate

Flight Operations Directorate

Engineering and Development
Directorate

J. V. Correale Engineering and Development
Directorate

J. R. Trombley Engineering and Development
Directorate

Administration Directorate

Reliability and Quality Assurance

Safety Office

T. €. Snedecor
L. T. Spenee
J. H. Chappee

Medical Operations

The SMEAT Program had a heavy medical
orientation since a principal objective was Lo ob-
tain baseline  biomedical data a number of
medical experiments to be used later in Skylab. In
addition, it was necessary 1o maintain close medi

cal surveillance of the subjects in the test chamber

on
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PROGRAM ORGANIZATION

in order to have a clear picture of any rhanges
which might occnr in these individuals as a fune-
tion of residenee v a Skylab-ty pe environment,
Should any health issues arise in SMEAT, it would
he necessary to make appropriate changes in the
conduct ot Skylah m order 1o prm:lud:- similar
problems there.

To insure proper coverage ol medical matters,
a separate management structure, the SMEAT Med-
ical Operations Team, was defined as shown i

1o
-

Medieal

Team bLeader, one Medical Officer was responsible

Figure 2.2, Under the direction of  the

for erew health during chamber residence. another
[oe  preparation and  conduet ol medical experi-
ments. and another for medical issues related to

SVIEAT hardware  items and duta processing re-

quircmends, As seen in Figure 2:2. cach medical

experment was under the direction of a Principal
Investigator. Sinee the scientists serving as PEUs i

many instances, were alfiliated  with  universities

and rescarch institutes, a Primary Coordinating

TEST
DIRECTOR

DIRECTOR
BIOMEDICAL
ENGINEERING

TEST OPERATIONS
MANAGEMENT

MROD FACILITY DIRECTOR

MEDICAL TEAM LEADER

COMMITTEE

MEDICAL MEDICAL MEDICAL

OFFICER OFFICER OFFICER
FOR FOR FOR

CREW HEALTH EXPERIMENTS SYSTEMS

OPERATIONAL CONSULTANTS PRIMARY COORDINATING BIOMEDICAL ENGINEERS
SCIENTISTS
ACOUSTICS HARDWARE ANALYSIS
TOXICOLOGY M171  — METABOLIC ACTIVITY Experiment &
WATECR ;YSTEMS M092 -~ LBNP QOperational
M093 ~ VECTORCARDIOGRAM
MICROLOGICAL HEALTH MDS MDS INTERFACES
M133 - SLEEP STUDIES = YSTEM
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Figure 2.2, SMEAT Medical Operations Team.
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Scientist, working at the Johnson Space Center,
was assigned to work with the Principal lnvestiga-
tor of each experiment.

Chamber Operations

For actual conduct of the SMEAT Test, a
Chamber Test Team Organization was defined as
shown in Figure 2.3, This figure indicates the
chain of command for chamber operations, part of
which is seen in Figure 2-4, and clearly spells out

the importance given to conduct of the medical

experiments,

Prior to the beginning and during the conduct
of the 56-day test, a Test Management Operation
Committee (TMOC) was formed to serve in an
advisory caparcity to the Test Director. The pur-
pose of the Committee was initially to institute a
configuration control system and board and then
lo review the progress of the test during  the

DIRECTOR
LSp
TEST
DIRFCTOR - = - — = = — TEST
OPERATIONS
MEDICAL ’ I o MANAGFEMFNT
OFFICFR CAPCON COMMITTEE
S——
SAFETY
EXPERTMENTS OFFICER
OFFICER
ADMINISTRATIVE]
SUPPORT
MFDICAL
"DS P‘rfRf:ﬁf]C P1/PCS SYSTFMS
CONTROLLER DATA MANACE & COORDINATOR ENCINEER
l |
MDS DATA PROJECT
TERMINAL MANACEMENT m PI'Y FNGINEFRS
ENGINEER SPPCIALINTS

—

i Pes s

Figure 2.3. SMEAT Chamber Test Team Organization,
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56 dave. The Commitiee  assesseid real-time prob-
lems  a~ they oceurred. directed changes o test
pmlm'uL released dailv reports. and et with the

news media.

The  commitlee was  composed ol personnel

reprosenting the Tollowing orgahizations:

Chairman: Director of Life Scienees
Members: Crew Systems Division
Astronaut Offier
Biomedical Researel Division
Bioengineering Svstems Division

Safety OMfice

Typical problems requiring real-time decisions
from the TMOC during the 356 days of testing
were as follows:

1. Revisions of the tineline to permit reruns

on the metabolic analyzer when data ap-

peard q|ur.~liunuh|n-.
9 The elimimation of the Shylab dewpoint
instrument  from  the test chamber due to

the erroneous readings.

[
-t

Removing the Skyfab vacim cleaner from
the SMEAT due 1o ils poor perlormance
ane replacing it with the Apollo vacunm
cleaner,

Redlining the amount ol crew exerciae Lo
be performed on the eranmeter to preclude
additional failure~ prior to the conclusion
ol the 30-day test

Figure 2-4. Chamber Operating Console,
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Building 7 of the Johnson Space  Center
complex housed the altitude chamber in which the
Skylab  Medieal  FExpeniments Altitude  Test wax
condueted. The chamber had been used in many

other manned tests and wa~ modified for SMEAT

to resemble  the Skylab workshop.  Figure 3-1
illustrates  the  facility  photographically and

schematically

The main chamber s twenty feet in diameter
and twenty feet bigh and i constructed of stain-
less steel. Connected to the chamber, as Figure 3-1
shows. are two lochs m series. Fach is ten feet in
diameter and nine feet long. The chamber has
fifteen viewports and seven penetration bulkheads
around itx circumference: both  main locks also
contain viewports and penetration bulkheads.

An additional cighteen-inch diameter lock was
attached to the existing bulkhead for the SMEAT
test o food,
samples, and =0 on, in and out of the chamber.
The  philosophy under which the test was con-
ducted called access to the chamber for safety
reasons only. The transfer lock made this arrange-
ment possible. The Jock was sufficiently large to

permit  transfer  of  small items,

peemit alo  the  transfer  of small pieces  of

cquipment lor calibration or repair. Ttems Lo for:
transterred into the chamber were prepared on a
“elean beneh™ located  just outside  the chamber
where a downflow of air insured cleanliness, When
a larger tem of equipment had 1o be passed out
of the vhamber and returned, the large manlocks
wiere uﬁl'(].

Life  supporl  equipment.  vacuum - pump
forth, are
which

cquipment,  water  supplies, and - so0
focated  outside  the
recadouts ol the
pressure, carbon dioxide,  oxygen, and  nitrogen
fevels flank  the  chamber. The crew could also
monitor these parameters on a small digital display

mounted in the chamber wall in the wardroom.

chamber, Monitors

provide status  of  chamber

In all essentiad respects, the  chamber was
configmred  to simulate  the Shylab  Ochital
Workshop Crew Quarters. Like the Orbital Waork-
shop, the SMEAT chamber provided approximaleh
380 square feet of floor arca. tn SMEAT, however,
the grddike floor of the Orbital Workshop was
not vsed. These grids facilitate movement in zero g
by allowing the astronaut to “fix " himself in place
by means of grips on the solex of his shoes. In a
1 g force field, such a floor would be inadequate
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Figure 3-1. The JSC erew svstems division 20-foot diameter altitude chamber. The photograph
on the top right hand side shows the SMEAT Crew entering the chamber through the man lock.

for support and uncomfortable for walking. A
solid {loor was  therefore u~ed in SMEAT. For
authenticity, the grid material was used on the
ceiling of the chamber a~ it i~ in Shylab.

The layout of the main (loor of the SMEAT
chamber s shown m Fuwee 320 This area con-
tained a medical experiment arca. bunk areas, a
wardroom. a waste management compartment, and
stowage  facilities. The  sccond  manlock  ac-
commodated two bunks. One of these sleep stations
i~ shown in Figure 3-3. The third slecp ~tation was
located within the main chamber arca. This devia-
tion from the Skylab configuration was necessary

because it was nol possible to simulate the Skylab
sleeping arrangements in a gravity environment. In
Skylab all three crewmembers occupy separate
vertical »leeping compartmenis.

The wardroom closely simulated the Skylab
equivalent. The crewmembers took their meals
around a circular food pedestal which  was
modified for unit gravity use by being lowered 0
accommodate the seated crewmen,

The configuration of the waste management
compariment also differed from the Orbital Work-
shop arrangement. In lg, the urine and fecal
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collection unit could not be conveniently placed in
the wall a~ is done in Skylah. In addition, because
only one crewman was to test the Skylab urine
collection unil, a conventional unit was also pro-
vided. The snk alo differed from the Skylab
configuration for g operations. Figure 3-4 shows
the SMEAT waste management compartment.

M] MANLOCK

) Smm———

STOWAGE
FOOD
TL TRANSFER LOCK
W  WASH BASIN

E OFF-DUTY EQUIPMENT KiT

Figure 3-2. Basic chamber layout, first floor.

The remander of the main chamber arca was
allocated  to  medical  experimenls  equipiment,
Location of the main items of equipment, the
bicycle erometer and  the lower hody negative
pressure  deviee, can be oseenin Figure 3.2, The
shower, a  collapsable.  stowable ey lindrical
structure, was installed in the medical experiments

Figure 3-3. SMEAT slecp station locaied in chamber lock #2.

Figure 3-4. The SMEAT waste management compartment. In the pholograph at the left, the fecal
collector is visible. At the right the sink can be seen.
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arca when cach ceewman was 1o takhe his weekly
shower. Figure 3-2 also indicates the shower loca-

tion.

The twenty -foot chamber had a two-level arrange-
ment. The second level provided a quict area in
which the  crewmen could work  andd sudy in
prvacy . While there is no precise equivalent for
thi~ area in the Shylab Orbital Workshop, its use
mercased  the Ddelity of the simulation sinee the
Skylab contains an “upper” level where cquipment
i~ stowed and various  experiments other  than
medical  experiments  are conducted. The
SAMECAT
hatches and was reached by ladders Figure 3.3

SMEANT

llplN'l’

level i the chamder had two  access

illestrates  of  the wcond floor ol the

chamber.

The atmosphere in the SMEAT chamber simu-
lated  the Shylab atmosphere. 1t was a two-gas,
oxygen-nitrogen  breathing  minture (70:30).  The
basic  system which  maintained  this abinosphere,
the FEavironmentat Control Svatem, distributed the
breathing vases, controlled the dewpoint (i.e.. the
tanperature and bumidity). maintained the partial
pressures of the two gases al the required level,
dioxide,  and aintained  the

removed  carbon

WALKWAY

8 80

DESK DESK

2IND DECK CREW STATION

ACCESS

HATCH— = ACCESS

HATCH

vacuum necessary o Keep the chamber at the
Spsi devel required 1o simulate the  Skylab
operating  pressure. Lithium - hydroxide  canisters

mstalled on the «cond floor of the chamber and
a carbon dioxide ingection system maintained the
desired carbon dioxide leyels,

Monitoring deviees destined for ase in Shylal
during  the SMEAT
These  meluded o carbon dioxide  and dewpoint

were also tested CXereise,
monitor. a carbon monoxide monitor, devicss for
sampling potentially toxic gases at trace levels and
equipment for sampling the particulates in the
chamber atmosphere,

The Hood sstem o e wsed in Skyvlab s
essentidd to the conduct of the medical exXperi-
ments, This svstem was therefore tested during the
SMEAT  ~tuds .

Skyvlah  data
used. FPhe man data collection post was located
facility
Building 36 of the Johnson Space Center complex.

collection techniques  were  also

oulside the  chamber building,  in
This arranecment was also a fathful simulation of

the Skylab ~ituation. During operational missions,

thi= building houses data collection equipment and

Figure 3-5. The second floor of the SMEAT Chamber. At the right, the SMEAT Commander is shown working at one
of the desks located on the sceond level. Note the gnd-ike floor instalied to enhance the
authenticity of the chamber sumulator.
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ix the base of operations for the principal invest.
gators of medical experiments, as it was during the

SMEAT test.

Fasentially all items of equipment intended for
Skylab application were  verified. Crew sleep
restraints. clothing and the other erew fumishing
tested are deseribed in this chapter and evaluated
in Chapter 21, the Crew: Report. Medical aceessory
items are diseussed in the appropriate chapters and
also evaluated in the Crew Report.

It should be noted that Environmental Control
Subsy stems were charactesized by a considerable
amount of equipment redundancy o insure that
the  56-day  mission  would  be successfully
completed. The  successful - completion  of the
mission must in large measure be attributed to this

redundaney plan.

Environmental Control System

The Favironmental Control System established
and  controlled  the  SMEAT  atmosphere. The
atmospheric composition ol the chamber was ax

follows:

Total chamber

pressure 4.85t0 5.15 psia
Oxygen partial

pressure 3.5%0.10 psia
Nitrogen,

1.5 £0.05 psia
(CO5 = 4 — 5.5 mm Hg)

Dew point temperature 45 — 57°F
67 — 78°F

water vapor

Dry bulb temperature

Atr velocity 15 — 30 feet/min vertical

The Frnvironmental Control System  consisted
of five separate subsystems: (1) Air distribution
and dewpoint control, (2) Two-gas control, (3) Gas
analysix, (4) Carbon  dioxide removal, and
(3) Vacuum holding.

Air Distribution and Dewpaoint Control. The
atmospheric gas was circulated by the chamber
air-conditioning subsvstem  blower through ducting
into the crew bay. The gas distribution subsystem
(shown schematically in Figure 3-6) provided for
pickup of moisture, heat, and  earbon dioxide

w1

produced Iy the crew and from air which had
leaked  into the  chamber, Inboard  leakage  was

0,15 psia.

Gas flow into the chamber was vontrolled by a
lowmetee in the chamber air-conditioning <y ~tem.
The velocity of the air within the chamber was
controlled by lowvers in the ceiting of the first
floor. These were present prior (o the tesl and
could  be  adjusted by the  erew  within the
chamber,

Speeified  temperature and  hunmidinn - was
maintained by virenlating the chamber atmosphere
over condensing coils =t o obtain the desired
dewpoint and over clectrical heating clements Lo
maintain the desired temperatore in the erew hay.
The ambient gas temperature was matntained using
a temperature controller i the chamber air-con-
ditioning subsyvstem. Return air temperature was
sensed and wtilized by the controller 1o operate
immaersion -ty pe heaters  to achieve  the  desired

reading.

The Skylab Orbital Worhshop is equipped with
a portable device for easuring  carbon dioxide
concentration,  humidity, and  ambient  vas
temperature anvwhere  within - the Shylab cluster.
This devier permils detection of Jocal coneentra-
tions ol carbon dioxide and  water vapor  that
might influence  the results of medical  experi-
ments. The device was used in SMEAT o provide
data on variations in carbon dioxide and dewpoint
concentrations o pinpoint arcas of poor mixing
and air stagnation within the chamber. The text
also permitted an evaluation of the procedures for
making measurements with the instrument and it
performance.

The device, shown in Figure 3-7, mecasures gas
and dewpoint temperatures from 40° to 100°F
and carbon dioxide partial pressures from 0.1 to
30mm Hg. 1t features separate, direct readout
meters for carbon dioxide partial pressure and gas
lempf:ra(ure/dvwpninl temperalure. Its use during
the SMEAT exercise indicated there was no signif-
icant concentration of carbon dioxide or water
vapor in the chamber. Some problems were en-
countered with drft and response times, but these
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Oxygen wis delvered o the two-gas control
absyvstem from the chamber oxygen subsy stem.
Nitragen was delivered through one of two redundant —
Two-Gas Control Syvstem. The two-gas control  regulators st at 500 psig. Two nommally  closed
svatem (Figure 3-8) injeeted osvgen or nitrogen to - solenoid vahes in series controlled the nitrogen flow
maintain g mixture of 70 percent oxygen and (o the crew bay compartment. These valves were
30 pereent nitrogen. As oxygen was consumed by operated by control sirnals from the oxygen analvzer

the crewmen and mboard leakage oceusred, the  which opened the vabves when plg was greater than
resulting  gas mintare was pumped  from e 186 mon He and closed them at 175 mm Hg. When
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the nitrogen solenoid valves were open, the two
parallel oxygen solenoid  valves were closed. The
quantity ol nitrogen gas delivered was sensed Iy a
flowmeter downstream of the solenoid valves,

Gas  Analysis. When the pressure i the
SMEAT chamber fell below  the preset point of
5.0 psia. the regulators sensed the pressure drop
and opened to allow gas delivery to the chambeer.
The gaz analysiz system sampled the atmosphere
for  speefied  temperatore,  hamdity . carbon

dioxide, nitrogen, and oxygen concentration,

It the osygen concentration was within the =
hmits (1753 to 186 mm Ha)y, nitrogen was supplied
for injection o the  chamber. I the oxypen
coneentralion was low, oxvgen was injected until
the  pressure it or concentration himst - was
reached. Vo gas was delivered when the crew by

pressure was above 510 psia.

Oxsveen partial  pressure was sensed Iy an
oxveen analyzer. whose sample pickup was o the
return air duct of the air distribution svsten. The
sample pickup sensed the average coneentration of

osvien in o this moving stream o obtain
concentration that wonkd be most representativee of
the entiee erew hay. The vas sample was then
subsequenthy sensed by oa carbon dioxide analyzer

which controlled €O,

Carbon Dioxide Removal. igure 3-9 iHustrates
the vcarbon dioside control <vzten. Carbion diosade
level was controlled by the use of an Apollo st fan
(Jocated ina doet outside the chanher) which
circolated atmospheric gas through the lithinm Iy -
droside (LIOH) assembly when requared Tor carbon
diovide removal. When the return measured amount
of carhon dioxvide wa~ at or helow 1.5 mm He the
Apolo suit fan wasin the "0 condition. When the
carbon dioxide fevel rose above 5.5 mm Heooa vabve
was automatically opened o allow ow through the
LT assembly. The flow continaed until the fevel of
LS mm He of carbon dionide was reached. At the
lower carbon dioxide Tevell the How automatically
shut ofl and remamed oft until the npper level was
reached again. W the gas removed Trom the chamber
by the vacuum pump Jowered the carbon dioxide
level to b om Heoan injection svatem added carbon
dionide until the level of 3 mm He was restored.
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Figure 3.9, SMEAT carbon dioxide control system.
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At test initiation, the carbon dionide level inereased
three times as fast as the expected Skylab profile, This
oceurred because the SMEAT chamber volume was
approxiniateh one-third that of Skylab.

Atnosphere Contamination Detection
and Contaminant Control

A\nyv dong teem habitation in o closed environ-
menl, and the SMEAT chamber was o relatively
closed  ceosvstent,  mtroduces  a possible  tovic
hazard a~ a result of huildup ol varions gases and
particulate  matter, including  miceobes. e the
breathing  atmosphere and  on chamber sorfaces,
Cleaning  solvents,  oulgassing ol equipment, de-
composition ol nonmetallie materials. and homan
wetabolism and  respiration ol contribute Lo
atmosphenie contamination. Microbial  contamina-
ton can be cansed by activities such as food
preparation and  consimption. waste management,

and personal hygiene,

Anabvsis ol the chamber atmosphere for con-
wmmant~  during  the SMENT test provided
assurance ol the safety of the crew throughout the
S0 davs of  chamber  residence. Some  of  the
sampling equipment was also intended for use in
Shvlab, and the SMEAT exercise permitted evalua-
tion ol tos cquipment and  the  technigues
employed.

Control ol atmospheric contaminants  was
accomplished by three principal methods: absorp-
tion, filtration. and  leakage.  Mmospheric control
methods and sampling methods are discussed in

the following ~ections,

Carbon  Dioxide, Trace Gas, and Particulate
Control, Carbon  dioxide wa~ remoned from  the
chamber  atmosphere Iy use of  a  lithium
hvdroxide  chemical  absorption bed  containing a
lay er ol approximately 100 mn of activated charcoal.
The absorption bed was changed during the teal at
feast once eveny dav. The activated charcoal contri-
huted also 1o the removal of potentially toxie gases
present in trace amounts, as well as 1o the remoyal of

odors.

The SMEANT st provided an opportunily  to
sebeet the optimum method of stowing the LiOH
vanisters during the Skylab mission. Canisters for
Shvlab are stowed on SV at faunch time, Prior 10
SMEAT, plans called for stowing  the  elements
withagged in stowage lockers. SNIEAT testing dis.
vlosed that the unbagged elements swelled  unae-
ceptably: this is a critical flaw because the LiOH
clements are designed for a tight it in the ln-
vironmental Control Svatem. On o the basis ol
SMEAT testing, it was recommended  that 1O
elements be scaled i gas impermeable bags during
Shvlab missions in hoth the Command Module and
the NMultiple Docking - Adapter to prevent the

swelling problen,

The humidiy control system aided i part in
the removal of trace gas contaminants, especially
the water =oluble compounds. The air-conditioning
system pearculated  the chamber  atmosphere
through a series of cooling coils, condensing exeess
waler and, at the <ame time, water soluble trace
contaminants.

The crewman himscll acted as a contaminant
removal syslem sinee respiration removes  errtain
contaminant~ from the atmosphere, absorbing and
partially metabolizing some of these. The respira-
tory system also removes a ecertaim number  of
particulates. The bulk of the particulate matter in
the chamber was removed by housekeeping operat-
ons and b entrapment in the atmosphere filtrat-
00 s\ stei.

Trace Contamnant Detection. Trace gases were
analyzed by whole gas sampling and  cryotrapped
sampling. Carbon monoxide was deteeted by use
of a special monitor.

Whole ga~ samipling was accomplished daily by
a sample  acquisition systemm connected 1o the
chamber air-conditioning return duct (Figure 3-10),
A twosstage diaphragm pump provided the sample
flow from the chamber to the sample evlinder.

All quantitative data were obtained by analysis
of the whole gas samples. Analysis of cryotrapped
samples provided detection and identification  of
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trace  conlaminants in concentrations

detection limit for the whole gas samples,

CHAMBER AIR CONDITIONING RETURN DUCT
I~ CRYOTRAP VALV D
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IQUICK CONNECT
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SAMPLING PORT
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Figure 3-10. SMEAT wholbe gas sampling system.,

One eryotrapped sample was takin cach week
throughout SMEAT. The crvotrap system consisted
of a stainless steel 500-ce ervotrap (Figure 3-11)
cooled i tiquid argon with a diaphragm pump

downstream from the trap.
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Figure 3-11. Cryotrap used for SMEAT sampling.

below  the

Anahvsi= of the whole pa saniples resulted i
the identification  and  quantilabion of 25
:-umpnumh a~ conlaminants i the chamber atmos-
ol these  com-

pheres Fable 30 i a summary

pounds.

Analysis of the ervotrapped samples resulted an
the detection and identification of ten compounds
nol deteeted i the whole was samples. The con-
ventrating cffect ol the ervolrap technigue makes
possible  the detection ol these compounds al
lower concentration level than i the whole s
sample analy Sis. Table 32 hiats all the compounds
detected in the ervotrapped sanples,

SMEAT

a monitor which was

Levels of carbon monovide in the
chamber were measured by
being evaluated for |m.~si|nl4- skylab u~. The mom-
tor contained a readout available 1o the erew and
also provided analarm should  the reading of
carbon monoxide exceed o value of 17 mg per cubie
meter. The instrument did not perform satisfartorily
during SMEAT and was eventually passed ont of the

chamber altogether.

Microbial  Contaminant  Detection. Prolonged
confinement in a closed or semiclosed ccosystem
tvpieally  produces some alterations in the type
andfor distribution of the human microflora. Such
changes have been seen during the relatively briel
\pollo mission. Therefore special lest was per-
formed during SMEAT 1o assess the impact of
M days  of isolation  and confinement i a
Skylab--type environment. This test and it results

are extensively deseribed in Chapter 15,

Metal sampling  steips were placed  throughout
the chamber for the environmental phase of the
inicrobiological study. The strips were placed verti-
cally at various locations on the chamler walls
and horizontally under the air grids in the plenum
area. In the course of the study, these strips
became exteemely dirty, particularly in the waste
managenient compartment. This issue is discussed
further in the Crew Report (Chapter 21).

Particulate Contaminant Detection. A special
particulate contaminant detertion study was con-
ducted during SMEAT 1o gain experience with the
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Table 3 1

Contaminants Found in SMEAT Chamber Atmosphere Samples

Maximum Major
Concentration, Concentration
Compound ppm Range, ppm

Acetaldehyde 72 5-58
Acetone 28 25-28
Acrotein B (MAC=0.16)" Ot 6
Benzene <1 0
2 - Butanone (MEK)} 20 <1-12
Carbon Monoxide 4.8 25-48
Chiorotrifiuoroethylene ) 24 <t-24
Dichlorodifluoromethane (Freon 12) 1.7 <1
Ethane <1 0- 1
Ethano! 77 1-7%
Fiugrotrichloromethane (Freon 11) <1 4]
n - Hexane 1 0-<1
Methane 125 50-125
Methanol 110 {(MAC=9) * 7-100
2 - Methyt - 1, 3 - butadiene

{Isoprene) 07°* 0-06
Methyicycliohexane <1 0
Methylcyclopentane 1 0- <1
Propane 1.2 <1
2 - Propanol 14 <1-4
Toluene <1 <1
1,1,1 - Trichloroethane <1 ¢}
Trichloroethylene <1 0
1,1,2- Trichloro-1,2,2-
trifluoroethane (Freon 113) 106 1-3.8
Trifluoromethane {Freon 23) <1 <1
m - and p - Xyiene <1 o]

* Johnson Space Center preliminary design requirement McDonnel! Douglas values for long term
environmental/thermal control and life support equipment

procedures and to verify the equipment 1o be used The  experiment

results indicated

in the Shylab Inthght  Aceosol Nialysis Experi-
ment, T-003.

The T-003 experiment  measures  the  distri-
bution ol particalate matter by (wo systems: the
real-time count of particles at specific locations
within the chamber and by collection of these
particles by impaction and filtration  after they
have passed through the real-thme counting portion
of the wmstrument. The latter function  allows
assessment of cach particle’s composition and it
probable source by the morphology  of the par
ticle. The experiment was run from day 208 (the
start of simulation test) to dav 214, when the
analvzer was removed from the chanber,

preparation gave rise to large numbers of small
particles by emission during heating of the micro.
wave oven, Personal hygiene was alzo a prolific
source of airthorne particles. Kating and househeep-
ing, which stirred up dust. were the other signifi-
cant contributors,

Mechanical Systems

Conduct of the SMEAT test required the use
of various mechanical systems. A pumping system
was  needed o maintain the  subatmospheric
chamber pressure. A special fire suppression system
was employed. Geeal care was given 1o the devel-
opment of this system for two principal reasons.
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Table 3 2

SMEAT Cryotrapped Sample Analyses

Concentration Index
(Freon 113 - 100)
Compound 7/28 8/4 8/11 8/19 8/26 9/2 9/7 9/16
Acetaldehyde 1131 593 221 119 42 149 202 652
Acetone 40.° 135 212 46 8 41 31 160
Acrolein 36 14 4 3 <1 4 5 10
Benzene 18 31 12 2 <1 3 2 <1
2-Butanone {MEK) 308 85 168 34 8 27 5 66
“1-or 2- Butene 13 10 <6 4 <1 4 <3 <95
* Carbon Disulfide ND ND .. ND ND ND ND ND
* Chlorodiftuoromethane (Freon 22) 18 46 6 26 <1 18 3 10
Chiorotrifluoroethylene 52 42 7 g <1 10 <3 8
Dichlorodifluoromethane (Freon 12) 306 742 108 56 7 88 37 65
* Dichlorofluoromethane (Freon 21) 100 163 9 22 2 20 - 17
Ethanol 1178 201 534 64 394 180 612 4219
* Ethylbenzene 2 2 3 <1 <1 <1 <1 1
Fluorotrichloromethane (Freon 11) - - - 6 1 5 4 6
n - Hexane 8 3 19 2 <1 2 1 2
Methanol 84 35 58 17 6 52 24 162
2 - Methyl - 1, 3 - butadiene {!soprene) 8 - 6 2 <1 3 1 5
Methylcyciohexane 5 4 14 <1 <1 1 <1 1
Methyicyclopentane 17 10 18 1 <1 6 2 22
* 4 - Methyl - 2 - pentanone (MIBK) 8 5 3 1 ND ND ND ND
Propane 26 13 12 9 <1 1" 5 20
2 - Propanol 357 32 37 - - - — 213
* Propy| Acetate 6 — 7 — ND ND ND ND
* Tetrachloroethylene < 1 <1 <1 <1 <1 <1 <1 <1
* Tetrahydrofuran 43 8 <1 <1 16 8 89
Toluene 48 25 10 3 17 9 29
Trichloroethylene 26 41 35 4 <1 5 2 37
1,1,2- Trichloro - 1, 2, 2-
trifluoroethane {Freon 113) 100 100 100 100 100 100 100 100
Triftuoromethane (Freon 23} 115 128 10 100 8 131 56 189
m - and p - Xylene 5 4 6 2 <1 2 <1 4
* 0 - Xylene 1 - 2 1 <1 <1 - 1
ND — Not determined
*  — Not detscted in whole gas samples A dash (-) means none detected
* * — A trace was detected
First, rapid ingress and egress are undesirable in an SMEAT. All major mechanical system  are de-

altitude chamber because of the inherent decom-
pression risk. Secondly, fire poses a special hazard
when large concentrations of oxygen are present in
the atmosphere, as was the case in SMEAT. An
additional chamber safety system provided the

Test Conductor with single switch response in case
of any chamber emergency. One other major mod-
ificaion of the twenty-foot chamber was the
addition of an eighteen-inch diameter lock for

scribed in the following sections,

Vacuum System. Two Roots-Connersville
blowers backed by a 1,000 ¢cfm Beach Russ pump
comprised the vacuum system for chamber evacua.
tion. The from the
chamber control console in the control room and
were used to establish a G psia pressure at the

startup of the test. These pumps were then

pumps were  controlted
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wolated Arom the chamber and scenred for standby
'Dllr"()N'.\.
Gar How  evacuated  fram  the chamber was
controlled manaally by small needle valves ocated
al the system control consobe. This console also
contained a Hlow meter which was used for halane-
mg the chamber gascous environment and a vacu-
um gange which activated a warning light on the
systemr console o ndicate a vaeuum rise above a
preselected level (10 torr). v pneamatically actu-
ated vacuum solation vabve antomatically sealed

the  vacuum holding  svstem from the chainber

<hould chamber emergeney represarization beiniti-
ated. The vacuum svstemy and cimergeney repress-

urization sy stem are illustrated in Fayure 3212,
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Fiure 3-12° NV acuam and repressurization sy stems.

In addition o the chamber vacoun system. a

special medical experiment vacunm sstem was

included 10 provide for the necds ol the metabohe
analy zer equipment and  the lower body  pressure
device, The vacuum was provided by two  high
vacnum  pimping sy stems controlled at self-con-

tained  consoles. A\ vacuum wsolation valhve sealed
the system from the experiment in the event of
chamber emergeney repressurization.
Repressurization Svstem. Normal
repressurization took place at a variable rate which
was controlled by the chamber operator in accor-
dunce with the approved test procedures. Energen-
normal

oy repressurization  was independent of

repressurization and was accomplished  through the

use ol tenvahes docated on the chamber  Lid.
Emergeney repressurization was a manually - initi-
ated procedare which could be accomplished  in
the control room o mitiated by the erewmen
themsehes from within the chambser. The chamber
I(N'l\

2V.000 feet (5 paig) to sea level i nine seconds.

and  inner could  be  repressurized  from

Fire Nuppresstion and  Detection System. The
SMEAT crew bay compartment was cquipped with
a water deluge fire suppression system, shown
sehematically o Faguree 3-13. This system was de-
sirned to deliver water at the spray nozzles within
spray

two  seconds ol activation.  The

nozzles were located  throughout the chamber so

svatem

that, when activated. water was sprayed al angles
that wet all chamber surfaces. Ruplure disks sealed
water in the lines and. upon activation, ruplured
at a water pressure of 35 psi into the chamber.

FIRE WATER MAIN (60 PSil

LCT ATION SWITCH @) SUPERVISED ISOLATION VALVE

) WATER SPRAY VALVES

O VAL 74 VOC O

DIVERTIER VALVES

1657 DRAIN
v RUPTURE DISC {35 PSI

5 CHAMBER NOZZLES

Fueare 3830 Fire suppresston sy stem.

Water sprav could e actvated by the Test
Director {rom two Jocations in the control room
or v the erew trom within the chambwer, Therr
were five Jocally controlled fire hoses for use by

the crew.

The etficacy of the fire suppression system was
carelully SMEAT st A

quarter  scale mockup  was built and  tested 1o

prior  to  the

il.\M'nM‘(]

insure that it would be possible for crewmen o
breathe when the deluge system was in operation.,



FACILITIES 343

The mockup study verified that there would be no

problem in this area,

Two types of sensors comprised the fire detec-
Gon syslem. a rate-of-rise sensor and an ultraviolet
sensor. These sensors were located thronghout the
crew  compartment. Aclivation of any detector
would have been displayed to the Test Dircctor
and 1o a display panel centrally located in the
crew compartment to provide location imformation
for any possible fire. An audible alarm would alert
the erew.

The fire suppression  and  detection system
worked well during pretest checks and was eontin-
wously monitored during the test, but, fortunately,
was never activated for canse during the test.

Safety Svstem. N special safety  system was

provided which interfaced with  the  chamber

control and  waler deluge systems. This system

provided  the Test Conductor with single switch
response  in the event of chamber fire, smoke, or
emergency  repressurization. 10 abso peemitted him
to terminate chamber power should this be re-

yuired.

Redundant methods for activating all control
functions were provided. All functions that had to
be energized could be wroed on from redundant
parallel circuits, and all operating Tunctions that
had to turned off from
redundant  series  control crcuits. Power for  the

be  deenergized  were

supplied  trom  the
salety

safety  svstem was normally

house direct current or  site power: the
satem could be transferred automatically o bat-

lery power.

Functions controlled by the Test Conductor's
panel switch could only be canceled by him. Fire,
smoke, and emergency  repressurization  indicator
lights were provided at the Chamber Operator’s
and Medical Officer’s consoles. Activation of the
cmergeney  svstem was never required  during the
fest.

Safety criteria also required that a secondan
environmental control system be available in the
event of any malfunction of the primary sys=tem.

To  mect this reguirement. oxyeen mashs were

provided. These were cquipped  with umbilicals
long enough 1o allow the crewman o hreathe
white egressing. They were Jocaled in the work
and sleep arcas of the chamber. The mask< were
of the quich-don, Tull-face Lype. incorporaling a
simoke protecting lens. Fach mash had o valve (o

be tumed on by the erewman,

Lighting and Power. The lighting system was
desizned  to simulate the Skvlab fight levels as
nearly as practical. Eighteen foue-foot luorescent
light fixtures were used dor arca lighting. The

fumen  output could be varied from the mana

facturer’s specified mavimum output to zero.

The Skylab light level was adjusted before the
test began to within one-half Toot-candle of the
Skylab requirement. Prototy pe licht fixtures were
subjected o comprehensive tests at 5 peia - and
100 percent carbon dioxide to determine heat rise and

estimated lamyp life and to verify salety features,

The normal electrical power tor the SMEAT
chamber was supplicd by Houston Lighting and
Power Company. In the event of a power faihire,
entical power supply wonld have been automati-
cally transferred to a natural gas driven generator
that wa~ rated for continuous operation for the
SMEAT load iinposed on it

Power and emergeney repressunization was pro-
battery-driven  redundant PDCIAC con-
feature to  the

vided by
verters with an automatic transfer
standby unit i case ol failure ol the primary
unit. Within the chamber, zero gravity 1y pe outlets
locations o provide

were placed at  optimum

power lor experiment requircments,

Lquipment Transfer Lock. A small airlock (in
Figure 3-14) installed on an existing chamber pene-
tralion was used for transferring atems, such as
food, clothing, and waste materials into and out
of the SMEAT chamber. A transfer bashet was
used inside the lock to aid in transferring small
items. The fock measured 18 inches i diameter
and 24 inches in length and was scaled from the
chamber by 20inch  diameter  air-operated  gate
valve. This gate valve was electrically interlocked
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1O INNER LOCK e
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L OXYGEN FILL LINE TO BE
ATTACHED HERE

Figure 3-1.4. Equipment transter fock

to require  activation by both  technician and
crewman.  This prevented  the vahe from being
opened nadveetently  with  the lock outer door
open and prevented  valve closure without crew
concurrence. I this way chamber contanination
and injury were avoided. Evacnation and repressur-
ization  of the transler lock was manually  con-
trolled  at the Joekh outside  the  chamber, with
vacuum provided by the chamber iner lock vacu-

um pump.

Water and Waste Management

The SMEAT studh provided anopportunity to
test Shylab water and waste management facilities.
Prior to the desian of svstems Tor Shylab, ouly
the most basic provisions had been made Tor body
cleansing during space missions. Urine and  fecal
collection measures have been highly unacceptable
from the psychological viewpoint and inadequate
from the viewpoint of good samitation. Great dif-
ficulty hax been experienced by crewmen in collec-
ting fecal matter in weightfessness by the use ol a
hand-held plastic bag. Ounly small wipes were pro-
vided for washing the body.

Skylab [facilities for water and wasle manage-
ment present a significant advance over those used
previously. The Orbital Workshop features a sepa-
rate  wasle  management vnmpurtnu-ut. Provisions
have alko been made {or weekly showering, The
shower is a relatively llllSl)[||Ii~li(‘all‘l] deviee, but it

represents the first step toward whole body cleans-
ing n space and it s the deansing method ol

chotce ol most crewmen,

The SMEAT chamber  simulated  the Skvlab
water and waste management sstems i all essen-
tial respects. Minor modifications were necessar
to adapt the watems to use noa by enviromnent.
The testing proved 1o he a very valuable experi-
ence. U disclosed. dor example, that the urine
collection svstem had major deficiencies and re-
guired redesign for skyvlab application. The fecal
collection sy stem, on the other hand, functioned
satislactorih - The showering factlity was a4 greal”
sucees~. The following scctions discuss these find-

ing= in detal.

Potable  Rater  System. The potable  water
system supplied all in-chamber water needs. Tt
consisted of an external portable (il tank, a
stowage lank, hot and cold continuously  cireu-
lating water sy stems, food preparation pedestal and
individual water guns to provide drinking and food
reconstitution water, a wash basin, and a shower.
One of the drinking water guns and the cold and
hot food reconstitution ports on the food pedestal
were of Shylab  confliguration. The water dupli-
cated Shylab quality in temperature, pressure. and
chemical constituents including iodine treatment.

The water was delivered in three water loops
at 45°F 125YF. and I50°F £5°F (a» v Shylab).
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Water was supplied to all three loops from a
S0-gallon supply tank pressurized to 20 psig. A
second 50-gallon tank was used to transport water
from Lllmgton Air Foree Base (also the source of
Skvlab water) to the SMEAT chamber. The water
was sampled  before removal from Ellington  to
verify that guality met Skylab specifications. 1t
was ~ampled again at cach transfer into the supply
tank.  Addiional  samples were taken  from  the
supply tank at one-week intervals for the entire
duration of the test. lodine was used o prevent
bacterial growth. The concentration was 1 ppm in
the  drinking  water.  Figure 3-15  diagrams  the
potable water svstem. Separate water loops were
as follows:

L. 45%F  loop - circulated 1o the cold  water
drinking guns and cold water food reconstitution
dispenser at the food pedestal. Cold water from
thi~ loop wa~ also circulated 1o the shower cold
waler fill valve,

2. 125°T loop - circulated to the water basin
for washing and shaving.

3. 150°F Joop - circulated  to the hot  water
food recounstitution gun at the food pedestal and
to the shower water fill valve.

SMEAT provided an opportunity 1o simulate
and evaluate a Skylab-type shower. The conligu-
ration was not identical but resembled the Skylab
model in appearance and operation (Figure 3-106).

The shower enclosure consisted of a evlimdrical
wall composed of “two-pa~s” beta cloth with four
ring stiffeners. The enclosure was 79 inches high
and 35 inches in diameter, open at the top with
an  aluminum  pan  at the hottom. The nozzle
assembly consisted of a Bete fog nozele No. 50801
plumbed 10 76 inches of 3/8-inch  diameter con-
volex flex tubing with a quick-disconnect fitting at
the ceiling fevel. The norzle was hand-held by the
crewman using the unit. When the shower was not
m use, it was stored collapsed under a chamiber
bunk.

When a shower was schedided, the wuter tank
was lilled with hot and cold water to arrive al a
mixed “use” temperature of 107 1o 1YO°F. The
water tank was pressurized initially with nitrogen
to 35 psia. This pressure was decreased to approxi-
mately 10 psia at the completion of cach shower
period. As planned for Skylah, six pounds of wates
were used per shower,

All three crewmen showered on the same day .
At the end of the scheduled showers, the drain
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Figure 3-13. SMEA'l' potable water system.
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Figure 3-16. The SMEAT shower

tank was passed outside the chamber through the
transfer lock and samples were tahen for analysis.

Housekeeping Systems. Househeeping
cquipment  consisted  of  wipes. tissues, betadine
pads, Neutragena soap and  the Apollo  vacuum
cleaner. Used washeloths and  towels were saved
and used for cleaning. Unused components of the
clothing modules were also wsed as rags (two of
the crewmembers did not wear  the undershirts
provided with their clothing modules).

The Apollo vacuum cleaner was requested and
used after the SMEAT mission started because the
Skylab unit did not generate enough suction 1o
remove  debris from  the chamber. After modifi-
Skylab  unit’s inlet

cations to the nozzle, the

operation was slighty more effective. The Apollo
vacuum  cleaner was desipned  for lunar missions
and s powered with an Apollo suit compressor
with a three-fool st hose connected 1o the inlet
side of the 28-volt, 400-cyde three phase motor. A
bristle brush 1= attached to the end of the hose,
and a cateh bag i~ connected at the rear of the
unit to hold particles. Figure 3-17 shows the vacu-
um cleaner m use.

Personal llvgiene Systems. In addition to the
shower already  described, personal hygiene facili-
ties included @ small SMEAT-specifie sink for
welting washddoth and  the Skylab  personal hy-
giene hit. Table 3.3 lists the contents of the kit

Urine Collection. Two methods of urine col-
lection were used during the SMEAT nussion. The
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Skylab primary urine collection system was used
by one crewman for the entire mission, and the
Skylab contingency system by a sccond crew man
for the last ten days. The other method ol urine
colleetion wax a SMENT-pecubiar system, It con-
sisted of @ simple receiver funnel interconnected
(via a can used in counection  witn the lecal
collection <tool) to a refrizerated container via a

tlexible hose.

Figure 3-17. Vacuum cleaner in use in SMEAT chamber.

Table 3—-3

Personal Hygiene Kit

Stypic pencil Wind-up
Cotton swabs shaver
Dental floss Razor

Hair trimmer B!ades

Hair brush Shaving cream
Deodorant stick Shampoo
Comb Mirror

Skin cream Tooth paste

Nail clipper Tooth brush

The stainfess steel urine cans were desimed 1o
hold a one-day void eyele, and procedures called
for hem to be passed out al the end of the evele

=1

day. ANl scamz were welded and polished . The
wrine hose assembly was compaosed ol a comoles

tube connected to a Tellon Tunnet.

The significant procedurad diflerence between
the Shylal and the SMENT configuration mvohed
the disposition of lilled urine bladders and sanple
containers. During the Skvlab mission. unne blad-
ders are discarded theoush the trash lock into the
1.ON SMENT, the Tlled
passed out through  the  transfer airlock. Skylab

tank. In bludders were

~amiples are frozen alter collecton,

The result~ of the SMEAT evaluation ol the
Skylah urine sytem indicated drastic redesion of
the system was required. Approvimately 08 ~pe-
cific problem areas were observed. Those rellecting
desivn deficiencies are listed  below. along with
ellected 1o

Those  deficiencies  requiring

changes correct  these deficiencies,

major  redesignare

marked with an asterish.

1. Torn foil on centrilugal separator. The foil
was treated with Teflon.

2. Urnine drawer tracks did not alwavs cateh.
Correction did not require major redesign.

3. Insufficient Systew capacity. The 2,000 ml
capacity (assumed one-day void  volume) wa- in-
creased to 4,000 ml.

4. Sample bag did not il in an installed
position.  This altributed o the

effects of gravity. No major redesipgn for Shylab

problem  was

was undertaken,

5. Urine recireulation coutd not be performed.
Major redesign was not required. Final  Shylab
systems did not use recireulation.

*G. Pressure plate hung up inteemittently. The
pressure plate was dropped in favor of simple spring
steel straps on the back of the aluminum plate.

*7 Urine collection hose  difficult to install/re-
move. The hose was redesigned for caxy installation.
Also, the material of the collection cone was changed
to Tellow-tined aluminum to reduce accumulation of
urine over time,

8. Back  pressuee vxprrirn(-ml during  contin-
grney collection. Redesign of the urine bladder
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mto a bovdike form rather than an “eovelope”
form reduced this problem.

). Drawer lateh difficult 10 open. The com-
plex drawer Tatching mechanisme was changed 10 a
simple external cateh,

1. Samphing bag diffieult to mark:, Madder
serial number missing. Bags proved 1o be casihy
marhed with a ballpoint pen.

P Grine ollection hose pulled oot of Y™
bt Btine. Voo redesign was regquired: Shyvlab
design does not use 7Y 7 fitting.

12, Recirculation door latehes difficnlt o
operate. The recircalation concept for the urine
system was discarded.

13, Sample bayg door ditficalt to operate. This
wis casihy corrected.

14, Sample  container  expanded  at altitude.
The container was redesigned to be packed un-
sealed. This pernvitted equalization of pressure o
ambient levels.

15, Sample container bound during filling. This
was compensated in the redesien.

16, Viewing =lot in sample bag door was too
short and too narrow. Slot dimensions were -
creased in linal design,

17, Gentrituge Tilter cover dillicnll 1o remove:
lilter difficubt o install and remove. The redesign
of the system eliminated this problen,

18, Corrosion on EME connector and periphery
on centrifuge. Same solution as number 17,

19. Acoustifoam odor. Nconstifoam ased as a
sound deadener, produced a very unpleasant odor.
The solution was to remove the acoustifoant.

20. Tom bladders. The waterial used to con-
struct the bladders was replaced by Teflon-coated
cloth, which greatly increased resistance to tearing.

21, Volume determination reading  stuch. Re-
moval of the pressure plate with associated VDR
mechanism eliminated this problem.

22 Condensation. Condensation resulted from
the higher chamber humidily and low  coolant
temperature. No similar problem  was anticipated
for Shylab.

fecal Collection, The primary component of
the feeal collection ssstem was the fecal collection
stoob shown in Figure 3-18. The SMEAT unit was
of the basic Shylah desim, but it was mounted
verically for us in a lg enviconment. Flight
configured  Shaylab fecal  bags were used. A
SMEAT-pecaliar blower was provided o draw cab-
in air into the unit and then o exhaust it through
a charcoal filter back into the cabin, The filter
was effective in removing odors and was changed
twice  during the test, o accordance  with the
planned  maintenance procedures. SMEAT-pecubiar
fecal cans were provided o stow the used fecal
bags until such time a~ they could be passed out
ol the chamber.

Figure 3-08. SMEAT fecal collection stool.

Food Systems

The development of food Tor onboard space-
craflt consumption has been a complicated  and
difficult  task.  This  food  must  comprise  a
nutritionally balanced. adequate diet. Additionally,
it must resist the rigors of a space mission profile,
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remaining stable under a wide range of tempera-
tures, over pressures, and aceeleration and vibra-
tion forces. The selection of foods for diets in

carlier  space  missions  was  constrained by the
weight and volume  limitations of  the  spacecraft
used . As a consequence, the feeding svstenr relied
primarily on Areeze-dehydrated  foods  stored  in
plastic pouches. The reconstituted food was a Lube
in the pouch directly into the mouth. This was
the mode of food consumption until the time of
Apolio 8 when the

moisture  tood in the form of moist turkey  bits

mtroduction of intermediate
and gravy permitted for the first time the use of a

.\pl)(lll.

Apollo meals provided an adequate, balanced
2500 calorie diet per day Tor cach man onboard.
While astronauts have not, on the whole, expressed
many  major objections to the diet that has been
provided, an examination of their nutrient intake
indicates clearhy they have been less than enthusi-
astic about their {ood. Most have not consumed
energy at bevels equivalent o their calculated e
quirements,

Food System Development. In order 10 correct
hypocaloric intakes. effortx have been made 10
develop  diets for Shylab crews that are signifi-
cantly  more  appetizing.  that . more  nearly
carth-style. The development of the Shylab food
system was further complicated by the fact that a
number  of  the medical  experiments performed
intlight are particularly  dependent upon nutrient
mntake.

Over 72{oods were developed  according 1o
speeifications which set strict limits for formu-
lation and for chemical and microbiological com-
position. Nutritional and safety requirements were
conzidered the most basic i the development of
the Skylab food system. Special microbiological
inspection requirements were established to insure
lood safety  over long periods of time. Checks

were made 1o msure that the food mel or ex-
cevded government and industry  processing stan-
routine  and  special  micro-
biological  and checks

Foods were originally selected by an interdiscipli-

dard<.  and  many

toxicological were  made.

nary  team of specialist= who were qualified in
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food technology . nutrition, dietetivs. guality  con-
trol, manufacturing, food packaging, systems engi-
and consumers (astronauts),

neering,

Menu design eriteria were as follows:
I, Crew-food compatibility

a. Flavor

b, Appearance

¢. Ease of preparation

Jd. Salety

. Non-allergenic

. Fecal bulk and consisteney

g. Non-gas forming

2. Nutritional reguirements
3. Medical experiment requirements
a. Calcium
b. Phosphorus
c. Magnesium
d. Sodium
¢.  Potassium
{. Protein
g, knergy

4. Physical constraints

a. Package
b. Preparation equipment

¢. Stowage

d. Waste disposal

. Residue mass determinations

The list of candidate {oods was reviewed by
the principal investigators  for medical experiments
and by Shylab astronauts. Foods which did not
meet the aforementioned criteria were climinated
until the goal of 72 {oods from four different
categories  was  established as the baseline list of
foods as shown in Table 3-4. The list was limited
to 72items since this was the quantity which
could be developed, manufactured, and analyzed
within the time and funds available for the Skylab
food system. Also, experience with previous systems
had demonstrated that approximately 70 foods were
all that are needed for design of ~ix-day menu eyele.

A menu was then developed which represented
general  (not  individual) preferences  and
nutritional requirements for the “average™ Skylab

food



SRY LAB MEDICAL EXPERDMENTS ALTEUDE TEST

3-20
Table 3 4
Shy lab Foods
Beverages
Lemonade Tea with lemon and sugar

Grape drink

Instant breaktast drink
{cocoa flavored)

Cocoa

Black coffee

Orange drink
Strawberry drink
Apple drink
Grapefrust drink
Cherry drink

Frozen Foods

Cotfee cake
White bread
Prebuttered rol)
Fitet mignon
Lobster newburg

Pork ioin with

dressing and gravy

Prime rib

ol beef

Vamlla ice cream

Wafer Fooa

Dry roasted peanuts
Dried apricots

Sugar cookie wafers
Vamilla wafers

Cheddar cheese crackers
Bacon waters

Shiced dried beef
Hard candy
Mints
Biscunt

{cracker type)
Butter cookies

Thermostabilized Food

Pineapple
Butterscotch pudding
Turkey and gravy
Tuna sandwich spread
Frut yjam

Applesauce

Peanut butter

Meatballs and sauce
Pears

Ho1t dogs {tomato sauce)
Peaches

Chili with meat

Catsup

Lemon pudding

Rehydratable Foods

Rice krispies

Sugar coated corn flakes
Scrambied eggs

Pea soup

Potato soup

Asparagus

Mashed potatoes
German potato salad
Cream style corn

Peach ambrosia with pecans
Strawberries

Green beans

Creamed peas

Shrimp cocktail
Satmon satad
Sausage patties
Porik and

scalloped potatoes
Chicken and rice
Beef hash
Chicken and gravy
Veal and barbecue sauce
Spaghetti and meat sauce
Turkey rice soup
Macaroni and cheese
Mashed sweet potatoes

ereswmember. The “average ™ crewmember was select-
ed arbitrarily and ddid not represent the food require-
ments ol uny specific individual - sinee crew
assignoients had not been announced at that time.
Skyfab and SMEAT crewmembers were identified and
were then fed these dicts to gather individual evalua-
tions to enable revision and adjustment as necessany
These food compatibility tests also provided informa-
tion needed to add. delete, or modify food items

fromn the Basetine Food 1ist.

Beginning  m October 1971 and  continuing
through  Aprit 19720 conferences were held  with
vach Skvlab and SMEAT astronaut to review  his
menu  eyele and receive comments. The menus
were subsequenth niodified as needed based upon
crew  spgestions  and recommendations. Con-
ferenees  were pescheduled until cach man  had
approved a six-day menn eyele. Throughout this
period, foods were served and/or provided on an
individual — basi~ tor crew  familiarization  with
different  combmations  of  foods in a2  meal.
Shylab/SMEAT v pe foods were provided at lneh
prejods twice  weekly  Tor nine weeks,  Fach
crewman  alo completed two  separate compati-
bititn  tests ona full menu eyeles Subsequent
mdividual conferences and food item modifications
resulted i sin menu revisions for two SMEAT
crewmembers  and  ten revisions  for the other

crewinenther,

An initial =t of menus was prepared for each
of the Shalahy and SMEAT astronauts based on
cach individual  atvonaut’s tood  preferences and
cating  habit~. The  protein level of  the initial
menus was controlled to the toleranee levels speci-
fied by Experiment MOTL Other wutrients were
adjusted with mineral supplements to comply with
the MOTY olerance levels with the exception of
sodivm. Sodium levels exceeded  the MOTT limit
which was it process of change to an upper limit
of 6,000hmg dailv. The outrient tolerance levels
usetd in the planning of the menu eycle for cach

erewman Toltows (Talde 3-5).

SMEAT menus were developed in cooprration
with the Principal Investigator for MOTL and his
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staff. The menus were reviewed  for compliance
with the Skylah MOTH
vidual nutrient  requirements (Fable 3-6). Various

sudy and estimated indi-

methods were employed to estimate adequate daily
eneryy for the SMEAT ¢rewmen,
These methods were: (1) Five day tood  compati-
bility  test during which time actual energy  intake
was recorded, (2) Caleulation by the method em-

levels vach of

ployed by National Institutes of Health for sub-

jeets on metabolic  balance  studies, and (3)
Caleulation by the method recommended by the
Nutrition the National Re-

in Recommended Dietary Allorw-

Food  and Board of

scarch  Council
ances, Tth Revised Fdition (1968). Following i~ a
summary of the results wsing the three nethods

(Table 3-7).

The values derived by using the RDA methods
were emploved for the SMEAT crew menus.

Irradiated bread was to be supplied, but it was
unavailable in sufficient time for inclusion in the

3-21
dict. Frozen bread was substituted. Frozen food
was limited by Treczer space Lo nine items per

man during cach six-day menu eyvele.

SHMEAT Food. A siv-day menn evele was de-
veloped. Fhe SMEAT crem consumed  the Skylab
diet for 28 days prior to chamber residence, Tor
SO days at chamber altitode and for 18 day s post-
lest,

Foods were provided in one ol ~everal forms,

They  were  ecither Trozen,  thermostabilized,  or
frecze-dehydrated, eehydratable foods Ready -1o-cat
bite-size foods were also provided and  called
walers. Beverage powders were placed i a ~eparate
category for convenience,

foods beverages

Food packaging. All

and puddings were pachaged individually in cathier

exeepl

targe  or small commercially  available  aluminum
cans. Thin  plastic membranes were incorporated

under the pull-tab lids to prevent loss of the Tood

Table 3-5

Nutrient Tolerance Levels for SMEAT Crewmembers

M-07 CDR SPT PLT
Energy {cals} 2000- 2800 2895 + 20 3276 - 15 3100 *+ 22
Protein {g) 90-125 + 10 1156 + 10 110 - 10 123 + 10
Calcium {mg) 750-850 + 16 850 ¢+ 16 850 :+ 16 850 + 16
Phosphorus {(mg} 1500-1700 + 120 1700 + 120 1700 = 120 1700 ¢+ 120
Sodium (mg) 3000-4000 + 500 3900 ¢« 500 4000 + 500 4000 : 500
Magnesium {mg) 300-400 : 25 325 ¢+ 25 350 + 25 320 + 25
Potassium (mg) 3000-4000 + 200 3921 + 200 4000 : 2000 3915 *+ 200

Table 36

Estimated SMEAT Crewmen's Daily Notrient Requirements

Nutrient CDR SPT PLT
Energy (kcat) 2900 3300 3100
Protein (g) 103t 10 105+ 10 106 £ 10
Calcium (mg) 850 % 16 850t 16 8501 16
Phosphorus {mg)} 1700 120 1700 120 1700 £120
Sodium (mg} 4000 500 4000 500 4000 *500
Magnesium (mg) 350t 28 325+ 25 345t 25
Potassium (mg) 3800 200 4000 1200 4000 ¥ 200
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when the cans were opened in zero g0 The snvadler
pachages stored ready to-cat foods and snack items
such as peanuts and iz, The wembrane in the
waler food packages was preshit <o that fingees can
be wserted 10 remove nnl_\ a portion of the
contents,

Table 3 7
Crew Fneeny Requirenents Calealated

by Three Methods

Daity Energy {Cal) Levet
Crewmember
5 Day Test NIH RDA
CDR 2860 3055 2900
SPT 2790 3285 3278
PLT 3120 3240 3080

Farger packages stored all principal food items.
The can usd dor storing frozen and  thermo-
stabilized food s illustrated i Firare 3-19.0 Note
the plastic: membrane which = piereed at the time
ol food consamption. Figure 320 shows the re-
by dratable food  package. This package uses a
polyethylene mmer bag to contain the dehyvdrated
load . which s reconstituted  with cold or hot
water available from the water dispenser in the

food pedestal.

LID

DIAPHRAGM

Figure 3-19. Frozen and thermostabilized tood package.

REMYDRATION VALV
INTERNAL PLASTIC
REHYDRATION PACKAGE
«REMOVED FRON CAN BASE:

Figure 3-20. Rebydratable tood pachage (Jid removed).

The beverage pachage. shown in Figure 3-210 1=
a polyethvlene bellows assembly. A mylon valve i
mxerted i the neck of the beHows to permit both
reconstitution  and  consumption. The  package s

collapsable for ~torage.

Figure 3:22 shows the food protection hard-
ware items. Al {ood packages are stowed in sealed
aluminum  canisters desimed 1o provide protection
during various mission phases. The food package
retainer  illustrated  permits packages 10 be o ex.
tracted  individually v zero g The canisters are
stored ina restraint assembly which i~ i tum
stored in the foad storage lockher. two to a locker,
A canister hid removal tool was provided  for
removing  lids  that  might  have  become  firmly

sealed after prolonged low pressure storage.

Food Pedestal and Food  Preparatory
Items. Both Toud preparation and dining were ac-
complished at the food pedestal in the wardroom,
ax they are in the Shylab Orbital Workshop. The
food pedestal contains heating trays, food recon-
sttution water dispensers. and drinking water dis-

lbl'll.‘('fh,

In SMENT. the Skylab food heating trays were
clamped 1o theee Shyvlab-configuration heat sinks.
This arrangement can be seen in Figure 3-23. In an
operational. zero g mission, the chairs shown in
the figure are replaced by thigh restraints. The
astronaut ix restramed by a metal T by grasping
the crossbar with lis legs,
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Figure 3-21. Beverage package, fully collapsed left:
tully extended, right.
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F000
PACKAGE
A
oS FOOD CANISTER
CUSHION Foo G
RETAINER CAKISIER
RESTRAINT

ASSEMBLY

NOTE AMBENT FOOD CANiSTER RESTRAINT ASSEMBLY
1S SIMILAR 10 FROZEN FOOD CANISTER RESTRAINT
ASSEMBLY SHOWN ABOVE

Figure 3-22. Food protection hardware.

Figure 3.23. SMEAT food pedestal,
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The food tray, officially designated the Anto-
matie Meal  Revonstitution  Module, holds  food
pachages and has the capability Tor heating them
o 149°F, Magnets on the surface of the module
retain the  cating alensils  knives, forks,  and
spoons. A eavity on the left stedee of the module
hold> the napkin. Figore 3-221 shows the food tray
with foods and utensils in place. The uten<ids are
cleaned by the use of individually pachaged  wet
wipe  lowels impregnated  with two pereent
Zephiran disinfectant solution. The wipes are con-
tained in a spring-loaded dispenser. Each ol these
(there are five aboard Shyvlab) accommodates 301
individually packaged wipes.

Figure 3-24. Food tray.

Mineral supplements. poly ethy fene glycol. and
fecal dye markers were provided. Intended for the
purposes of the mineral balanee experiment, these
items  wereincluded, respectively, o adjust for
deviations in food intake, to account for lecal
mass, and to desimate the end of cach six-day
menu cycle. They were pachaged inan aluminum
food can for SMEAT; in Skylab, a special capsule
and salt dispenser assembly contains these items in
the form of booklets.

When the food pedestal is not i use, it makes up
into ua comvenient work surface for erew activities
(Vigure 3-25). Covers are provided for the central
recessed arca of the prdestal and individual food

trays.
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Fl'_’.nl’(‘ 3250 SMENT dood pl'c!('~l;|l_

Food Storage Facditics. tn the  operational
Orbitad Workshop. bulk Tood storage is available in
cleven ambicnt temperature lochers. five frozen
food lochers, and one Tood chiller. The  chiller.
freezers. and a sin-day pantey are Jocated in the
wardroom. \mibicat food storage i~ Jocated in the
upper Jesel ob the Orbatal Workshop, Food s

eveled imo the wardroom at six-dan mter als,

For the SMENT mission. the volume of food
stored was far dess than is the case for Shylab
which i~ launched  with all the  food  supplies
needed  for three missions. Ambicnt  temperature
foods were not stored but transterred  into  the
SMEAT chamber theough the aidock at six-dan
mtervals. Frozen food was handbed inoa similar
fashion because the SMENT frevzer facility was
oo small 1o accommodate the total mission frozen
food ~upply. No attempt was made 1o duplicate
the Skylab flight f{reezee Jocker.

The coolant circulation pump elements of the
freezer and chiller svstems were Jocated outside
the chamber. The coolant Nuul. 2 fluorinated

hydrocarbon. was coonled in the ehiller unit reser-
voir and cvirculated  through coils inside the freezer

storage in the chamber,

Food Preparation and (Con
sumption. Preparation of cach meal began al the
completion of the preceding meal. The items to be
prepared for the next meal were located: cach had
been marked  with  the name  of the intended
crewman,  the dav, and information  sbout  the
contents, Foods to be served hot were placed i
the trays and tmers, another feature of the \uto-
matic Meal Reconstitution Module, and were set
to automatically activate the heating elements at
the desired thne. Foods 1o be chilled were placed
in the chiller. Sinee some dehvdrated items re-
quired {ifteen to twenly  minutes  reconstitution
time, initiation of rehydration at the time of the
meal did not permit adequate time for proper
preparation ol these doods. The problem of bac-
temal growth precludes reconstitution ol dehy-
drated fomld tor a given meal at the previous meal,
In SMENT. one crewmember  reconstituted  the
ems requiring long hvidration times of fifteen to
twenty minutes prior to the meal.

The number of tood packages consumed in
the SMEEAT erew was considerably higher than the
number determined to be required for the Skylab
crews. Thes s based not only on the individual
putrient requirements of the crewniembers but on
the additional energy requirements wnposed by 1y
operations as compared  with energy  requirements
for zero g operabions.

Trash and Cleanup . Travs and the food ped-
estal, as well as utensils, were cleaned with wet
wipes. Trash generated in food  preparation and
consumption was disposcd ol in food canisters and
passed out through the airlock. Many small trash
itets were penerated at cach meal. During  the
meal, this trash was deposited in trash receptacles.

A can crusher which was to be used in the
event of trash lock failure was evaluated over a
60-day period. In addition. a procedure wa~ de-
veloped dor hundling and freezing wastes in the
event of sueh failure in the Skylab mission. The
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freezing ol wastes inside the SMEAT chamber was

nol necessary lor the purposes ol thi~ mission.

SMEAT Food System Problems and Their Res-
olution for Skvlab. During the course ol the
SMEAT testing, a number of problems related 1o
the food system  were noted. The appropriate
corrective actions were tahen, and these are de-

scribed below.

I. Food item-related problems A problem not:
ed during the SMEAT test was that  exeessive
gastrointestinal - gas developed as a result ol con-
suming  pea soup. Fhe SMEAT crewmen recom-
mended  that this item be deleted from flight
menus. Premission Wating of  the  Skyvlab crew
based on this recommendation failed 1o produce
the same results. Pea soup was therefore retained

on inflight menus.

Rehydration of some beverages was found to
be difficult. Changes v formulation were tnple-
mented and have resulted o improved eehy dration

times for these products.

In the ecase of one crewmember, the quantity
ol food provided proved to be inadequate. As a
result. food items in excess of those stocked on
the basis of previously determined energy  require-
ments were carried onboard Sky lab,

Investigation  of  the possible  elimination ol
polyethylene glveol capsules was accomplished and
the requirement for these capsules has been de-
feted. The data derived from the use ol poly-
cthylene ghycol was not as uscful as anticipated.
Moreover, it was found that polyethyvlene glhyeol
resulled in a stool which was soft and tended to
adhere 10 the kin which could cause cleanup and
personal  hygiene  problems in flight. They have
been removed Trom the flizht stowage list,

2. Hardware-related problems. Beverage pack-
ages were [ound 1o have leaking valves and other
problems. A major redesign was accomplished and
the valve was replaced by one identical to that
used during the Apollo missions. Al beverage
pachages are now inspected and random testing for
feakage and for heat-scal  strength has been in-
corporated into the  manufacturing  phase. Pack-
aging failure was al~o noted in connection with

the rehydratable food package. The package ~eal
failed as the result of a tanlty heat seal on several
pachages. hn-process testing and rigorous wspeetion
ha~ also been initiated  for these packages. \n
altersate package of the Apollo spoot-howl 1y pe
has Dbeen developed and will e u~edd inflight Tor
soups. Sl further problems were noted - con-
nection with the package for trozen and thermo-
stabilized  loods. During  the heating evele, the
membrane separated drom the can. The membrane
has been incorporated into the Skylab tood pach-

ares
ages,

The fecal dye marker capsule ~«-paamh~(| during
consumption. A\ lock capsnle will he used  for
flight dye markers 1o preclude a recurrenee of the

problem,

A problem was noted in the Tood-can 1o
food-heating-tray  interface. This problem was a
loose {it of the small heating tray cavity when a
waler van was inserted. The pudding can, which
har a larger diameter than the waler can and s
used o the same food tray  cavities, resulted in
stretehing of  the eavity o the point that a
friction §it for the waler can could not be man-
tained, Change action i~ in process o ientify one
small  cavity on each food tray Tor use with

pudding canx.

At the suggestion of SMEAT erewmembers, the
large, serving-sized spoon used for Apollo mixsions
war added 1o the Skylab food s stem.

The  heating/seeving  tray worked  quite well
throughout  the entire test. All heating eyeles
worked well and  postmeal  cleanup was accom-
plished without problems. Other than the pudding
package-small cavity interface problem, the trays
gave only one other problem. The timer on one
tray malfunctioned, hut thisx was a one-of-a-kind
failure which had no anpact on the Skylab flight

tray.

The can crusher tested during SMEAT worked
well  mechanically, but the use of thi= svstem
required an additional 15 minutes to an hour cach
dav to accomplish  trash handling. The SMEAT
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erew noted Quether that the can ceusher required
additional Gissues for cleaning and suggested that it

be modilicd 1o allow for casier cleaning.

3. Procedural  problems. Minor  procedural
problenmis were enconntered in medl preparation
and walley  stowage, a~ previoush noted. A~ a
resubl of the SMENT tests detaled procedures on
tood handling and redesign of hardware itewns have
been formulated. Galley stowage procedures have
been updated.

As a result of the corrective actions tihen on
the problems noted i SMENT. the Shalab food
svatem is considered 1o be more than adequate o
successfully support the Sky L missions.

Clothing

Two types ol clothing were used in the
SMEANT  mission with two  distinet objectives,
Shalab garments {abricated from Darette WU were
worn to evaluate design configuration and material,
Prototy pe carments made of three other inaterials
were anchuded in the test o assess the need for
possible replacement of Durette 1000 AN the war.
neuts were evaluated  from the standpoints - of
wearability . comfort, and the quantity - provided.
Figure 32200 ilustrates~ the Sky laby garments,

AL tvpes o matertals evaluated  were Tound
acerptable with the exeeption of the prototy pe
maleriad N 1200 The wear, comfort, and it of the
clothes were all reported 1o be good, us was the
Skalab configuration boot. Chapter 21 presents de-
tailed  comments by the erew on the elothing
teated.

Sleep Restraint

The sleep restraint was dabiricated from the
baseline matenial chosen for use in the Skylab
progeam, Tenum-treated  poly henzimdazole. One
crewnian used  the Sleep restraint for the entire
30 days. Figure 3-27 shows the Commander in the
sleep restraint. Chapter 21 presents o detailed eval.
nation of thi= item.

Off-Duty Activities
An off-duty activities equipment kit was pro-
vided 0 a locker m the wardroom arca. The kit

pietured in Figore 3228, contained  items such as
playing cards. darts and dart hoard, tape cassettes,
and  books individually  ~elected by the crewnmen.
These Hems, dong with television viewing and the
tahing of conrses i closed circuit television, filled
any gaps in the SMENT tmeline and afforded the

crew needed relasation,

Fugure 3.26. Shylab clothing,

Data Handling and Communications

SVENT Instrumentation. The recording instru-
mentation  used i SNIEAT was divided into two
veneral catepones: test facility instrumentation and
expenment test instrumentabion. Test lacility -
strumentation was that neeessary to monitor  the
crew bay emvironment (e, partial gas pressures,

dewpomts. temperatures).
routed through patehboards. amphificd it necessary,
and  terminated e the 20-foot chamber  control

Fest facility data were-



room and at the Medical Officer’s
- display . monitoring. and recording.

console

Figure 3-27. Skylab sleep restraint being tested

by the SMEAT Commander.
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Figure 3-28. Off-duty activities equipmennt
in the SMEAT wardroom.
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Faxperiment testinstrumentaion was thal con-
cerned  with monitoring  the experiments. These
data were routed through an analog-digital record-

ing processor wnit to Building 36, via coaxial cable,

for display . monitoring, and  recording. The
Building 36 data consoleixillustrated i

Test wmstrumentation  data were also

availuble at the outputs of isolation amplitices in
the the

patchboard o the chamber control voom and the

I igure 3-29.

processor unit {or  routing  through

Medical Officer’s consoli. where ”Il'.\. loo, were

displaved. monitored, and recorded.

Figure 3300 shows the  data acquisition,
processing, and  display methods used during
SMEAT. Figure 3231 indivates the data flow for
cach medical experiment,

Simulation of Skylab  Data  Han
dling. DTO 7123 was itended 1o te<t. ona

noninterference hasis, the n[n'ralinnal procedares
involved in acquiring and processing - biomedical
exprriment that
planned Tor Skyhab. Far example, communications
from the the
SMEAT chamber were interrupted periodically dur-

data ina maode  approachig

erew and data transmittal - from
i the course of the chamber test to simulate
spacellicht tracking and data network acquisition
ol signal (AOSY and los~ of sgnal (1.O~). The

sequence of eyvents for the stmulation were:

the the

with live data and voice communica-

I. Perlormanee  of
SMEAT erew

tions available only during planned Skyvlab network

experiment by

vontacl periods,

2. Recording of alt voice and data during the

experiment performanee for playback.

3. Playback of voice and data for engineering
analysis by the Eaperiment Officer (EO) and a
quickdook analysis by the Principal Tavestigator
(M), Concurrent with the engineering analysis. the
1O recorded eertain protocol event timies which

were  necessary o key  events in the off-line
processing.

1. Delivery of the recorded data tape 1o the
off-lime provessing facility and subsequent process.

ing.
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Froure 3-30. SMEAT data system.

There will be an additional sequencr in the Skylab
mission of the Pl evaluation of the proeessed data
for feedback into the fhght  planning  function.
Since ooly biomedical experiments were performed
in - SMEAT  and  the munber ol other
discipline  experiments planned  for  Skylab, the
quick tlight plan feedbark was not needed.

large

On the basis of SMEAT simulation of Skyvlab
data  acquisition. the {following conclusions were
reached relative to Skvlab:

I.  Assuming nominal Skvlab data acquisition
and handling. off-line processing turnaround times
bhiomedical  experiments  are

for  the  maypor

reasonable.

2. Due to the data tumaround time, much of
the data playback for scientific evaluation will be
done on the day following the experiment runs.
Unless & major problem i~ identified. the Principal
[nvestigator/'rincipal Coordinating Scientist support
will oeeur during normal working hours.
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INPUT PROCESSING QuUTPLT
PRE & POST RtAL TIME
EXPERIMENT TEST DATA DATA
MO92 LBNP RECOROING | HARDLINE
MO93 vCG " "
M133 SLEEP .* CHAMBER
REAL TIME
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**SIMULATION DF CCATS AND ATCC SKYLAB FUNCTIONS

Figure 3-31. Skylab chamber test data MNow.

Communication Svstem. \  voice  conununiva-
tion sy stem prmi(ln-«l two-way audio commmica-
tions  between test team  members. The  basic
svstem was composed of seven spvakn:r intercom
stations in the crew hay area and approximately
2lantercom  stations located ontside the chamber
in the test team control rooms. The systeme had
five. normal channels and an emergeney “all call”
channel enabling  =imultancous planned  and con-
trolfed  comversations on  the different  channels.
The intercom stations exterior to  the chamber
werr ontiitted with headsets. The unit inside the
chamber  could  be used  with or  without the
Skylab headset. Locations of units within the crew

hav are shown i Figure 3-32.

In the event of an emergency, predesignated
slations were configured to switch to the “all call”
audio channel. The stations that were switched to
the “all call”™ channel also had certain previously
selected stations which could transmit as well as
receive for certain emergency communications. The
Test Director’s audio channel and the “lest sub-
ject-=CAPCON" audio  channel  were  continuously
recorded for the duration of the test. A prvate
channel available to the test erewman and CAPCOM
was acoustically coupled to a telephone receiver.
This allowed the astronant crew 1o communicale

with the outside.

Television Monttoring. A closed-circuit  televi-
sion svstem provided television  monitoring - and

recording  of activities inside  the  chamber for
experimental and  salety  purposes, Four  fined,
mounted cameras in the erew bay monitored the
wardroom, experiments arca, and sccond level. A
filth camera with tripod was portable. Pan and tilt
mounts allowed the crewmen o munua”_\ n'pu\i-
lion cameras.

Television  monitoring — of - test activity was
scheduled in the Gmeline and ocearred as it would
i the Skvlab  flight when the signal could be
received by the monitoring network of receiving
stations. When the crew was asleep, the crew hay
area cameras were kept operating at all Gnees with

the tarzet voltage turned down,

The dosed-circuit  television  sy=tem and  two
AM-FM automobile radio units were also used 1o
provide instruction  and  entertainment for the

Crew,
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Impaired orthostatic tolerance has been observed
alter all L0 space flight~ which lasted more than
several hours, Fvaluation of orthostatic intoleranee
ha~ been achieved by means of a tilt table, and, more
recently, by the use of lower body negative pressure
(LBNP). The LBNP technique, though independent
ol gravily, simulates its effect by exposing the legs
and the lower abdomen to reduced ambient pressures.
The LBNP test has been employed pre- and postilight
on the Apollo missions and provisions have heen
made for its use during Skylab orbital experiments to
document inflight the degree and time course of
cardiovascular system alterations.

This LBNP experiment, conducted during the
50-day simulation of the Skylab environment, was
designed to supply baseline information on cardio-
vascular responses to periodic orthostatic stress for
vorrelation with future flight data and to help predict
the degree of expecled orthostatic intolerance,
Further goals of the present experiment were to
substantiale the operational efficiency of the data
acquisition h-(:hniquvs to be implemented  during
actual flight missions and to evaluate hardware under
operational conditions.

Equipment

The  equipment consisted of a Lower Body
Negative Pressure Device (LBNPDY and  additional
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hardware  lor  obtaining  veetorcardiogram~  and
measurements of deg volume change, blood pressure,
and  body temperature. An o experiment supporl
system included the equipment control and display
systems in addition to the power supply.

Lower Body Negative Pressure Device

The LBNPD iz a eylindrical canister of anodized
metal 52 inches long and 21 inches in diameter. The
canister is composed of two sections which can be
separated Tor application of the leg plethy smographs.
The forward segment has o waist scal comprised of a
template with movable metal leaves and a seal of
pliable  material. The subject s positioned on an
adjustable saddle in the LBNPD so that the waist seal
i= al the level of the iliae erests. Figure -1 shows the
sulyect entering the LENPD.

Reduction of pressure below ambient is effected
by a vacuum pump located outside the workshop
arca, and dilferential pressure is displayed on both
the LBNPD and the experiment support svstem
panels. To achieve cmergency  repressurization, a
vacuum release lever is provided.

Leg Volume Measuring System

The leg volume measuring system includes two
plethysmographs, or leg  bands, which measure
volume  changes in the call. The leg bands are
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exsentially clectromechanical devices. The skin ol the
feg is used as one plate of a capacitor while the
second plate encircles the leg but s separated from
the shin by a dialective layer ol compressible foam
malerial. One of the leg bands serves as a reference,
and = placed over a stainless steel eyvlinder whose
circumlerenee remains conslant: consequently | the
band responds only to changes in temperature and

relative humidity.

Figure 4-1. Subject being helped
nto the lower body negative pressure deviee.

Output of the leg band sensors is lirst amplified
and then transmitted through the telemetry system
for data reduction. Figure 4.2 shows the leg volume

measuring svstem.

Blood Pressure Measuring System

The automatic blood pressure measuring system
consists of three main components a horotkolf
sound (K%Y processor (Wolthuis ctal., 1971), an arm
cufl pressurization  apparatus with pressure sensor,
and output circuitry which provides svstolic and
diastolic  blood pressure  readings. The Korotkoff
sound processor first senses the brachial KS and then
identifies the specific systolic and diastolic KS. The
processor operates only during discrete ime mntervals
within cach cardiac cycle, syachronized to the cardiac
thythm and triggered by the veetoreardiogram

R-waves,

{b}

Figure +-2. Components  of the leg volume measuring
system (a) and system in use on subject in the lower body
negative pressure deviee (b).

The experiment support system coutrols blood
pressure cuff inflation and prrforms a complete cuff
pressurization cvele every 30 seconds. Two different
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bleed-down  orifices are  avallable, one for use at

147 pxiand one at 5.0 pst ambient pressure,

The computed systolic and diastolic pressures are
displayed on the experiment support system panel
and transmitted through the telemetry system, An
anacroid gage provides backup for the cull pressure.,
Body Temperature Measuring System

The body temperature measuring system was
originally designed to measure the temperature of the
var canal near the tympanic membrane. The system
includes a thermocouple and an ear mold individually
ftted to cach erewman, The car mold permits passage
of the temperature probe into the external car canal
to a depth of one-cighth inch. The instrument as an
car probe was unsatisfactory. Therefore it was used as
an oral thermonieter,

Vectorcardiograph Recording System

The veetoreardiograph recording system produces
a visual display of the computed heart rate from the
Frank lead VCG and triggers the Korotkoff sound
processor. The threr analog signals from the X, Y,
and 7 components are transmitted via telemetry and
recorded for further data processing. Each electrode
site is identified with a permanent tattoo to assure
exact electrode positioning.

Procedures

Experimental Procedures

Five control tests were performed at sca level
pressure to establish baseline data. Fach crewmember
was his own control. During the 56-day experiment,
cighteen LBNP tests were conducted in the chamber
at one-third atmosphere on cach crewmember. At the
end of the experiment, an additional LBNP test was
performed again at wea level pressure. Usually, each
crewmember was lested every third day at approxi-
mately the same hour of the dav with at least one
hour being allowed between physical exertion, meals,
showers, or venipunctures, and the start of an LENP
test. Two crewmembers were rcquircd for each test,
one as subject and the other as observer. Throughout
the experiment, the Scientist Pilot (SPT) was the
observer for the other two crewmembers. When the
SPT was the subject. the Pilot (PLT) usnally was the
observer,
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Before  each test. the observer recorded  the
subject’s oral temperature and applied the veetor-
cardiograph electrodes. Then, with the subject supine
in the open LENP, both calf circumferences were
measured at their mavimal girth. The leg bands were
attached, the LBNE hody seal and hnee and ankle
restraints seeured, and the blood pressure enlt applied
to the lelt arm. The ¥OG electrode solation and
impedance were then cheeked. Before and after the
test, calibration values for heart rate, svstolic and
diastolic blood pressure, deft and right leg bands, and
VEG were also cheehed and recorded.

25 minutes with the subjeet

The test lasted
l)F‘

supine,  The 25 minutes were divided  into the

following periods:
Period )
(Control)

5 min at ambient pressure
(258 mm Hg)

I minat -8 mm Hg (LBNP)

I mimat - 16 mm Hg (LBNP)
Sminat -30 mm Hg (LBNP)
3 mimat - 40 mm Hy (LBNTD)
> minat -50 mm Hg (LBNP)
3 min at ambient pressure
(258 mm Hg)

Period 1

Period I
Period 1V
Period V
(Recovery)

The first period provided a control phase, while the
last was a recovery period. Should the subject at any
tune exhibit symptoms of impending syncope, LBNP
was to be terminated.

Data Collection

Two st~ of data were monitored continuoush
during the LBNP tests. The physiological data, which
comprised one set, were heart rate. body tempera-
ture, blood pressure, and percent volume change in
the legs. Heart rate was calculated every five beats:
30 seconds: and

blood pressure was  taken every
percent  leg  volume  change was sampled  cevery

0.8 seconds. The other set of data was a series of
measurements on the LBNPD itself, including air flow
rate, temperature, relative humidity, and pressure.
Both sets of data were transmitted lo a remote
control station where they were displayed alpha-
numerically and recorded on maguetic tape for
further analysis. In addition, continuous strip charts
were furnished for blood pressure, heart rate, LBNPD
negative pressure, the three VCG eads, and the
pereent leg volume change. On several oceasions,
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nonreal-time data monitoring wax implemented in
accordance with Skylah data acquisition protocol

constramis.

Data Analysis

Within 21 hours after the test, the following
measurement variables were provided:
LBNP differential pressure
Heart rate
Sy stolic and diastolic blood pressures
LBNP internal temperature
Ambicut temperature and pressure
Body temperature
Pereent leg volume change

Computed inean values for heart rate, sy stolic and
diastohie: blood pressures, and pereent leg volume
change were then obtained, and regression analyses in
time were performed Tor individual periods of each
LBNP test. lnchamber and postchamber values were
compared with their respective prechamber means,
and  significant  differences  were  determined by
idependent ttest.

VUG measurements were calealated  from  a
computer program called VECEAN. which computed
veclor loops and derived variables, VECTAN was
developed especially for the Skylab program.

Results

The cquipment functioned well. Data loss was
minimal and was mainly due o shorteomings in the
software  programs.  The  Skyvlah  environmental
speetfications  were  maintained  throughout  this
experiment with lemperatures ranging from 212 to
20°C. Despite the temperature fluctuations, there
were no gross differences in cardioyascular responses
and no signs of impending svacope. Table 4-1 gives
the mean physiological values Tur the prechamber,
in-chamber. and postchamber periods and indicates

statistically signilicant changes.

Heart Rate

Since increased heart rale 15 one of the most
effective ways of increasing cardiac output in the face
of greater physiological demands, heart rate was used
as the major single determinant of alteced orthostatic
response. In-chamber mean heart rates and post-
chamber indwidual values weee compared to the

prechamber mean. Table 4-1 shows that throughout
the 50-day test. the (Commander) CDR exhibited an
increase in heart rate, both at rest and at reduced
pressure. s postchamber values were significantly
higher than the respective prechamber means, The
SPT and PET showed no significant change in heart

rale,

Blood Pressure

The bood pressure values of the (CHR) showed
increased  postehamber  vontrol values.  the  SPT
showed  no  significant  vanation; and  the PLT
exhibited a statistically significant decrease i both
systolic and diastolic dood pressures. None of the
crewntembers showed  significant pulse  pressure
changes.

An unanticipated finding that is under investiga-
tion was detected during preliminary inspection of
heart rate and blood pressure time graphs. Time series
analyses for periods longer than one day produced
statistically  significant  periodicity  across different
data  sets for the ame  individual. Al three
crewmembers  showed  approximatelh monthly
rhy thms,

Vectorcardiography

Compared to the prechamber baseline tracing. no
stenificant changes of rhythm were observed e the
crewmembers” VOG recordings. Any changes in the
mean values of the PROQRS and QF intervals elosely
followed the changes observed in heart rate,

Percent Leg Volume Change

Analysis of resting supine leg calf circumference
showed a progressively decreasing lincar trend. By
statistical regression of the call circamference values
versus time, an estimate of the pereent change was
computed as the difference between intercepts at the
tirst in-chamber day and postchamber day .

The decrease i leg call circamference together
with the body  weight loss are summarized in
Table 4-2. The €DR and SPT showed a decrease in
both leg calf arcumferences, and a concomitant body
weight loss. The excessive weight loss of the SPT can
be partially attributed to a 500 calorie deficit in his
daily diet. The I'LT showed a decrease only in the
right leg circumferenee,
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Table 1+ 2

Calf Circumference and Body Weight FLoss

CDR SPT PLT
Initial leftcalt circ. {em) 358 424 38.7
Slope {cm/day) — 0.011 - 0.015 |~ 0.000
intercept (R +0} (cm)} 352 416 38.7
Percent decrease 1.7 20 0.0
Initial right catfcirc. {cm)j 358 435 38.6
Slope {cm/day} - 0.017 - 0.018 |~ 0.008
intercept {R + 0} {cm) 35.0 425 378
Percent decrease 22 23 20
Body weight loss {Kg} - 1.8 - 545 0.0

The pereent leg volume  change remained
unaltered  throughout all periods of the chamber
study, and the experimental data supgest that a
decrease in the absolute leg calf ciccumference had no
effect upon the pereentage feg volume change during

LUND stress,

Equipment Problems

The body temperature measuring sy stem proved
unsatistactory for measuring the temperature of the
car  canal. however, it was adequate for oral
temperatures  which  were recorded before cach

LBNPD test.

A consistent diserepancy between the blood
pressure. measuring sy stem and auscultatory blood
pressure  recordings  was noted  throughout  the
experiment. The values recorded by the system were
below the auscultatory. A check of the sy stem after
the in-chamber phase revealed transducer offsets.

A Marshall Space Flight Conter LBNPD waist seal
and two prototype Welson seals of different girth
were used during the experiment. The Welson seals
were found to be more comfortable. lighter, and
more pliable. They akso showed a lower leak rate. As
a result, Welson seals have been recommended for the
Skylab missions.

Conclusions
Both the Skylab LBNP hardware and data
acquisition system operated satisfactorily, Previous
studics of individuals confined in hy pobarie chambers
where  physical activity was severely limited have

shown evidenee of reduced orthostatic tolerance,
Similarly, it has been reported  that even striet
four-day chair rest can produce this effect. In the
MO92  experiment,  the  astronauts entered  the
hypobaric chamber in good physical condition and
exercised daily. These were undoubtedly factors in
the  maintenance  of  physical  fitness. Impaired
orthostatic tolerance, manilested by the increased
heart rate, diminished svstolic and pulse pressure, and
imcreased  tendency  to o syncope in the uprizht
position, or during LBNP. was not observed in this

experment,
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Exposure 10 weightlessness is known to affect
cardiovascular dynamies, which are the heart of life
processes. One of the most reliable and informative
measures  of functioning the
clectrocardiogram  (ECG), which monitors cardiac

cardiovascular is
electrical activity. Because of its usefulness, the ECG
has been a mandatory adjunct during space flight. To
date, most in-flight monitoring has relicd on one or
two bipolar chest leads for data on heart rale and
thythms. Standard twelve-lead  electrocardiograms
taken before and after the missions have provided the
information on wave form changes resulting from
space {light.

Neither of these two sources allows quantitative
analysis. The vectorcardiogram (VCG) is a special
type of ECG whose clectrode lead placement portrays
the heart’s electrical activity along three orthogonal
axes. VCG data have the advantage of permitting
quantitative analysis.

Preflight and postilight vectorcardiograms were
recorded from all nine crewmen of the Apollo 15, 16
and 17 missions. It was clear from the tests that
certain aspects of the crewmen’s VCG's had been

a4

significantly altered. Since there were no in-flight
data, however, how and when these changes oceurred
could not be determinedd.

The Skylab missions present an opportunity for
monitoring VCG s inflight and expanding our current
knowledge of how the cardiovascular system responds
to weightlessness. During Skylab, VCG's are being
taken at regular intervals. The data are collected while
the crewmen are at rest and before, during, and after
VOGS
monitored during the metaholic activity (M171) and
lower  body  negative (M092)
experiments. Fventually, the Skylab vectorcardio-
he with shifts
in the position of the heart and body fluids,
changes in heart size, altered myocardial perfusion,

a two-minute exercise  period. are  also

pressure device

grams  will correlated anatomical

and other modifications in cardiac function so that
the effects of space flight can be clarificd.

During SMEAT. the 56-day Skylab simulation,
the vectorcardiograms= for all three crewmen were
monitored in accordance with the Skylab protocol.
The purpose was Lo obtain baseline data and to test
the VUG hardware. Because of initial data reduction
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problems and subsequent shilting ol priorities to the
actual Skylay preflight tests, the SMEAT veetor
cardiograms have not vet been analy zed. Vhis report,
therefore, deals only with the VCG hardware and it~

performance,

Equipment

The cquipment used to perform the vector-
cardiogram tests consists of five basic items. Four of
the atems. including the electronies module, the
subject interface box, the electrical wmbilical and the
electrode  kite pertain 1o the vectorcardiogram
recording system. A picture of the sy stem is showa in
Figure 5-10 The fifthe item s a bieycle ergometer

exercise device,

Figure 5-1. The veetorcardiograne <y stem,

The electronies module, whieli 15 mounted in the
experiment support system, has several clements, One
of these is the Frank resistor network, which takes
the electrical signals from the electrodes wom by the
crewman and combines them to form the three VEG
axes. Heart rate circoitry s another clement of the
clectronies module. The heart rate cireuit computes
the average heart rate every five beats from any one
of the three VCG  axes. The module also has
calibration circuitry,  which  provides a  precision
voltage, .5 £ .01 millivolts  at 10 ez, for signal
conditioner and  telemetry  calibration. Finally, the
module contains a system for checking the impedanee
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between vach electeode and the ground electrode as
well as isolation circuitry to ensure that there are no
low impedanee paths, Ilectrode  wolation  and
impedance are displayed on an electrode test meter,

The sulject interface box is a portable clectronies
pachage that can he mounted on the Jower body
negative pressure device or on the ergometer. [t
houses the VUG electrozhock protection ciremiry,
preamplifiers, a signal conditioner for the body
temprrature measuring system, and iterconnecting
wiring {or the blood pressure measuring system, The
body  temperature and blood  pressure measuring
systems are deseribed in more detail in the reports on
expreiments MOU2and MITH

The ecleetneal umbilical conneets the experiiment
I

support svstem o the subject interface box and

provides the electrical path between these two units,

The VG harnes is the principal item e the
clectrode kit The harness consists of seven active
clectrodes, one ground electrode, and connectors for
the body temperature probe and the subject interface
box. Figure 5.2 illustrates the VEG harness in place,

Figure 5.2, The vectorcardiogram harness in place.
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The kit also contains  clectroly te-saturated
sponges which are placed inside the clectrodes 1o
provide cleetrical contaet with the skin. Stomaseal
tapes used 10 attach the electrodes to the skin, and
wet wipes for cleaning the <kin before and after cach

run.

The bieyele ergometer, the exercise deviee used in
the experiment, operates like a bieyele with seat,
pedals and handlebars. The pedal foree is controlled
by a generator that can be st for specific warkloads
expressed in watts. The ergometer is also part of the
cquipment for the metabolic activity experiment.

Procedures

The vectorcardiogram test was performed on cach

crewman  every  thied  day dducing  the 30-day
simulation. The protocol consisted of a five-minute
rest period followed by two minutes of controlled
exercise and a teneminnte recovery period. Prior 1o
vach test. the equipment was calibrated and the
subject isolation  and cleetrode impedances were
cheeked, During the actual monitoring, the three
VOO signals and  the heart rate were sent via
telemetry to the medical support personnel. The
heart rate also appeared as a digital display on the

eleetromies module.

Results

In general, the cquipment performed well. The

most  important  experimental  data,  the  three
vectorcardiogram signals, were received for all runs
without any hardware mallunctions. Several problems
did oceur and were resolved in the course of the
experiment.

The  heart rate  circuitny  did  not perform
correetly. This was traced o a manufacturing crror
which caused the 3 klz oxcillator in the cirenitny 1o
malfunction. The manufacturing process was revised

and a new oscillator installed.
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A ~econd [ir()lll(‘lll that could he traced (o the

manuflacturing  process  concerned — the Bendix
connectors on the VYOG harnesses, The connectors
showed signs of galling hecause the mating halves
were threaded o Lightly. A new  manufacturing

provess was instituted o correct the problem.

Another difficulty  with the VCG harnesses was
that they did not provide enough electrical contact
with the erewman's shin, The original harnesses were
replaced with new Jarnesses which had shallow well
clectrodes that ll'il'l‘il.('(' more !‘“l('i'“\i‘l'\ .

Two of the erewmen found the VEG harnesses
too ~mall. Larger harnesses which proved to be
satislactory were passed into the chamber during the
tesl. Sinee then, the Skylah o crews have been
measured for harness size, and the standard size has

heen found adequate.

The tapes used to attach the clectrodes to the
erewman produced some arritation. When used overa
long period of time, these tapes often cause irritation,
but the provedures for attaching and removing the
clectrodes during SMEAT aggruivated the problea.
Onee the erew had eliminated the vigorous rubbing
that wa= part of skin preparation, the irritation
stabilized. The Skylah crews are being tested for
unusual reactions o the tape and are being given

alternate electrode sites,

Finally, the VCG sponges oceasionalhy proved to
he too dry. Sinee the experiment, the manufactarer
has agreed o include a vacuum integrity test lo

climinate this problem,

Conclusions
The  Skylab svstenr was
thoroughly  tested SMEAT
program. Except for a few problems which were

vectorcardiogram

during  the  56-day

readily resolved. the equipment functioned very well.






CHAPTER 6

HEMATOLOGY/IMMUNOLOGY (M110 SERIES)

Introduction

Man's exposure to wenghtless space has not been
without effect upon the formed element of s blood
and upon hemodynamics. One of the carliest findings
was that red blood cell (RBC) mass was reduced
postilight. Thix wa~ true Tor both Gemini and Apollo
spaceerews, Losses were, however, greater for crews
exposed to 100 percent oxygen envirmiments than
they were for crews engaging in missions in which
residual nitrogen remained in the breathing atmo-
sphere. On this basis, it has been theorized that the
decrease in red blood cell mass is a result of hemoly sis
caused by exposure Lo pure oxypen environmenls.
Skylab experiments will study various aspects of the
red blood cell, including its metabolism and life span,
and blood volume changes nnder zero gravity condi-
tions 1o determine the precise mechanism of the
transient changes which have been seen on the

relatively brief misstons of the past.

After space flight. the number of lymphoey tes
has fluctuated significantly for a brief period. The net
number of white blood cells has been generally
decreased, but the immunocompetence of the cells
appears o remain stable. This is a promising finding
in that it indicates the integrity of the human
immune system is unimpaired by space flight condi-
tions. The influence of longer duration exposure
awaits further investigation.

A small number of chromosomal changes has also
been found in white blood cell samples from Gemini
and Apollo astronaut-. This change is important in
itself and as an indicator of radiation exposure.
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The Hematology/Immunology  Experiments
(METO Series) in the Skyvlab mission present the
opporlunity lor the first time o the Mmerican space
flight program to sample blood i flightand to ~tudy
it for corroboration o contradiction ol previons
postilicht data oblained i vitro, The experiments
also are expected o amplify the nature of am

changes which do ocear,

While  the

one, it s notl

ML) investigation i~ an - exlensive
mtended o be an all-inclusive
coverage of man’s immunohematological fanctions.
The  experiments devised and ~elected are those
which  should  represent the most senstive
indicators ol chanre in man’s normal hiochemical

functioning m space.

The SMEAT Hematological/Immunological Series

Theee are indications that some hematological
responses, notably red blood cell responses, may be
linked to atmospherie variables. Many other factors,
however, may be involved. The entire
hematological/imnumological series was included in
the SMEAT expenment o examine the effects of
Sky lab conditions without the confounding influence
of weightlessness, In this case, as in the case of other
medical experiments, SMEAT presented an oppor-
tunity for cquipment and procedures validation.
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The hematology amd immunology  experiment
serivs ancluded five separate experiment elements.
These were:

L. Experiment ML Cytogenie Studies of

Biood

2 Experiment M2 Tnvestigation of Man's

Innmune System

30 Experiment M3 Blood Volume and Red
Cell Life Span

Lo Experiment MITE Red Blood tell
Metabolisin

S0 Experiment AL Special - Hematological
Ftfects,

Lach of these experimentz will be discussed individu-
ally. As they shared common cquipment and pro-
cedures in many cases, these will be described fiest,
and ouly those items specific to an experiment will be
included in conjunction with each experiment discus-
ston.

Equipment for M110 Series

The Tfive experiments in the MO Series (as
well as two in the MOTO Series, mineral balance
and fluid bioassay) required blood samples as part
of their experimental  protocol for the SMEAT
test. The  equipment used  during the test was
being  developed  for zero g blood  drawing,
processing. and  storage. During the SMEAT test.
no attempt was made 10 store the samples; they
were passed out of the chamber for analysis.

The principal items of equipment required for
the  hematological and  inmunological experiment
sertes comsisted  of  Hems eequired for - blood
sampling.

Prechamber Blood Sampling Fquipment. Pre-
chamber  blood  samples  were drawn from  the
crewmen by venipuncture  using an infusion set
with a 30 mm  plastic  syringe  and 2
21-6 thin-walled siliconed needle with a 20-G bore.
The samples drawn were transferred  immediately
to  siliconed  tubes  containing  various  anti-
coagulants. The equipment used i~ illustrated in
Figure 0-1.

In-chamber  Blood  Sampling  FEquipment. [he
cquipment used to sample blood during chamber
activities was a~ follows:

. 30 mm  disposable  svringes  and  one-inch
needles with 20-C bores.

2. Automatic sample  processor. The 11 ml
sample was transferred (o an automatic
sample processor (ASP) containing an anti-
coagulant (Li-lDTA).

3. Blood sample vial (BSV). On the first and
fast samiphes, 0.1 ml of the blood sample
was translerred 1o a small capsule (2c¢) for
fixation (in 0.5 pereent phosphate-buifered
duteraldehvde).

1. Centrifuge. The 11 ml samples were
processed by centrifugation in the chamber
to separate the plasma and cell fractions.

Automatic  sample  processor  evacuation
requlator (ASPER). Thix device s used to
evacuate  the  automatic sampln- processor

-

prior 1o cach blood sample transfer.

6. Swahs. tourniquels, stowage pouches.

Blood Sampling Procedures

Blood samples were  taken  prior o the
chamber  run according o the  schedule  in
Table 6-1, once per week during the 50-day test,
and  on four  occasions  after SMEAT  was
concluded. The sample data span a period of one
hundred days. The size of cach bloud sample for
cach experiment is also indicated in Table 6-1. The
larger samples drawn on three selected in-chamber
sample  days  provided sufficient  blood for a
microbiological  study  specific to the chamber
mission,

I'retest samples were  distributed  to  the
appropnate  principal investigator  or  laboratory
representative for analysis. In-chamber samples, as
noted previously, were passed out of the chamber
for analyses which were pecformed onsite. In an
operational  mission.  samples  are frozen  and
stowed.
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Figure 6-1. Blood sampling equipment.
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Results of Blood Sampling Technique
The SMEAT crew

procedures very competently. No samples were Jost

carricd out blood drawing

or compromised hecause of any crew prm-«-(lurv. The
SMEAT test clearly demonstrated that it was feasible
for crews to draw and process blood in a Skvlab-type

environment.

There were cerlain problems with  the blood
drawing procedures amd equipment. Where these were
relevant Lo Skylab equipment or procedures, the
appropriate remedial steps were taken.

Blood Sampling Difficulties

The major problem experienced by crewmembers
in the drawing of bloods was one which could not
have been identified in the absence of an experiment
conducted under chamber-simulated  Skylab condi-
tions. The crew experienced difficulty in drawing the
blood from superficial veins, even with proper pene.
tration of these veins. They believed these problems
1o be caused by venous spasms which may have heen

associated with reduced operational pressures. They
did not encounter the difficulty when deeper veins

(purtivulurl) the anticudntal) were used.

The principal problems assoctated  with equip-
ment were beaking of syringes and onsaligninent ol
the centrifuge. Syringes leaked from time to time at
the necdle/syringe mterlface. This problem shoubld be
precluded in the Skylab misstons which will u=e
syringes with a threaded foching tip for positive
needle attachmeut.

The cover of the centrifuge became casily s
aligned, and the crew reported exeessive vibrations
associated  with it use. Redesign which imeluded
dynamic balancing of the centrifuge head assembhy
and reduction of the clearance toleranees on the
cover alignment tabs will eliminate both problems
during operation of the centrifuge in the Skylab
missions.

Blood processing procedures were adequate. All
samples were in a proper condition for analysi= and
permitted suceessful analyses to he vonducted.
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PART A: CYTOGENETIC STUDIES OF THE BLOOD (M111)
Lillian H. Lockhart, M.D.

Untiversity of Texas, Medical Branch

Genetie effvets have been associated with space
Might exposure, and these have been o greater
magnitude than would be expected on the basis of
the radhiation doses received. The chanees have been
obseevable in the form ol a sight inerease in the
number of chromosomal aberrations in leukocy te
satmples examined after both orbital and suborbital
space missions. These obsenvations have led to the
hy pothesis that there is a syngerism hetween radia-
tion and some other parameter associated with space
fhght (Jenkins, 1908: Siaahyan et al 1904 Condo,
1908). The effeets observed cannot presently b
duration,  extravehicular

carrelated with  misston

activities_ or any other known lactor.

The Skavlab experiment MEHE ey togenetie studies
of the Blood, is designed o determine whether some
spacr Hlight parameter produces ey togenetie effects in
cells. AL the ~ame e, becanse chromosomal aberra-
tions are g sensitive method  of  radiaton dose
estimation, the expeciment will provide o biological
radiation  dosimetric capabihity  in o the event of
significant radiation exposure trom an anexpected

~olar flare event.

The SMEAT test provided an opportunity o
study the effects of the Skylalh convironment without
the weightlesness factor on chromosomal aberrations
i lruhoestes. Unfortunately - vontrol subjects were

unavalable for the study

Procedures

Four prechamber and four postchamber cultares
were nide on blood camples drawn from SMEAT

crewmembers, In-chamber Bloods were also drawn.

Culture Preparation

Culturexs were prepared by adding blood 1o a
medium containing phy tohemagghatinin which stimu-
lates leukoeytes to undergo DNA - sy nthesis and
mitosis. Late e the incubation period. a mitotic
stop  cell division in

inhibitor  was  added o

\fter

resuspended Gnsodium citrate . cesulting i better

metaphase. centrifugation,  cells were
chromosome <preading, and then fined i methyl
alecohol and glacial acetic acid. The fixed specimens
were stained  with Wright's stain and mounted in
Euparol.

Chromosomal Analy:

\mininiee of 200 metaphase cells was selected
by dow  magnilicalion microscopic scanning. Cells
with suspected structural defects (97 of these were
noted) were photographed and haryv oty ped.

Results and Discussion

linor chromosomal defects were noted. including
chromatid waps and breaks, isochromatid gaps and
breaks, and frasments, These defects are found in a
sntall pereent of otherwise normal individuals and
increase temporarily under certain conditions inelud-
ing exposure to various drugs, virnses, and joneing
radiation and isotope injections. Ndditionally . a <mall

number ol more senificant aberrations was seen.

Table 6 2
identified o the SNIEAT mphoeyte cultures. The

shows chromaoxomal aberrations

table indicates minor defects as well a~ the more
significant stractoral rearrangements. The time of
rotope injections anen for other experiments, is alwo

noted.

The residts of the study appear to mdicate that
the chamber coviromment had no deleterious ffeet
where chromosomal aberrations of the tvpe studied
are concerned. The first postehamber study showed
values comparable 10 the first prechamber study (see
Table 6-2),

centage of chromozomal aberration increased to levels

Fallowing isotope injection. the per-

well above the normal range. Since the crew s suffered
no obvious illneses mgested no draes, anid had no
unsnal exposure 1o onizing radiation during their
stay in the chamber. it appears likelv that  the
aberrations scen tollowing isotope imjection were dus
principally 10 these,
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Table 6 2
Chromosome Aherrations in
Lamphory te Cultures From SMEA'T Astronants

Date and Isotopes Minor % Minor Structural
Astronaut Injected Defects Defects Rearrangements

Prechamber

6-26-72

A 17 2.7

B 6 3.0

Cc 4 2.0 1 - Translocation
1 - Dicentric

6-27-72

A 10 4.8

2] 7 3.4

C 13 6.2

7-3-72

A 14 6.7

8 16 7.8 1 - Dicentric
1 - Chromatid exchange

c 10 5.0

7-22-72

A 7 3.4

8 10 4.8

C 13 6.2

Pastchamber

9-20-72

A 7 33 1 - Translocation

B 0.9 1 - Chromatid exchange

c 5 21

9-21-72

A 14 6.3

8 & 26

C 6 2.7

9-25-72

A 13 5.5

B 14 7.0 1 - Dicentric
1-Ring

Cc 19 8.8

10-5-72

A 15 6.6 1 - Pulverized cell

8 5 23

c 13 6.0 1 - Dicentric

"3, 125, B¢, 355, (6.26-72)
"3y, 125) 51¢,, 355, 42 (9.20-72)

"1M42¢ (10.4-72)

6-7
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Structural  rearrangements of a more unusual
nalure were noted in prechamber cultures, prior to
the injection of any radioisotope material, and in
postchamber cultures in two of the crewmen,

AL the cvtlogenetic laboratory, Department of
Pediatrics, University of Texas Medical Branch, with
which the author is affiliated, some 13,000 cells are
examined annually, and among these, trandocations
(chromosomes with extra chromati.. attached) are
rarcly scen. Chromatid exchange, dicentric chromeo-
somes, and ring chromosomes are rarcly if ever seen
except in conjunction with a few conditions with
which they are expected. Ring chromosomes are
found only iu persons with multiple anomalies.

Figure 6-2 illustrates  the more  serious
chromosomal abnormaliies in the SMEAT crew,
While the number of these aberrations is quite small,
such chromosomes were found in all crewmembers
during all phases of the study both prechamber and
postchamber  and  both before and alter isotope
injection, It is interesting o note that Gooch and
Berry (1909) reported occasional defects of the same
kinds in the Gemini astronauts both pre- and post-
flight. The clinical significance of thes findings is not
apparcnt. Clearly such findings bear further investiga-
tion.

yor o
B VRPN

RN

Figure 6-2. SMEAT abnormalitics.

Conclusions

The cytogenctic study of the SMEAT crew
appears lo indicate that Skylab-type environmental
conditions have no deleterious  effect  upon
chromosomal material. The findings are, however, less
clear-cut than might be desired, due in large measure
to confounding of the experimental design by the
administration of isotope injections for the purposes
of other experiments and to the lack of control
subjects.
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PART B: INVESTIGATION OF MAN'S IMMUNE SYSTEM (M112)

Stephen E. Ritzmann, M.D.

Shriners Burns Institute

William C. Levin, M.D.

University of Texas, Medical Branch

Certain indications  from  space flight results
suggest that some factor in the space environment
may influence man’s immune status. The human
immune  system comprises two  Usubsystems,” the
humoral, consisting of immunoglobulins, complement
factors and related serum proteins: and the cellular,
represented by small lvimphocytes (1-cells), originat-
ing in the thymus, and macrophages.

The cellular portion of the immune system
protects against diseases such as tuberculosis and
fungal and certain viral infections. It confers trans.
plantation immunity and delayed skin  hyper-
sensitivity, and may represent a surveillance system
against autoimmunity, neoplastic transformation and
oncogenesis. Serum proteins indicate the status of the
human body in defending itself against foreign
challenge. Many of these proteins, such as albumin,
remain fairly constant during a challenge to the body
while other proteins like haptoglobin change rapidly
upon onset of a disease. Measurement of proteins
such as the immunoglobulins (IgA, 1gM, lgG, and
IgD) give distinct information as to how man is
responding immunologically by making antibody
against an invading agenl.

Some of the elements of the immune system have
undergone  small, temporary changes aflter space
flight. For example, haptoglobin has been consis-
tently elevated postflight in  Apollo astronauts.
While this may be related to some stress imposed.
perhaps subelinical infection or physiological/emo-
tional stresses related to reentry, the precise signif-
icance of this finding has not been determined.
Individual astronauts have also exhibited significant
increases in lvmphocyte numbers shortly after re-

covery. Again, the significance of the finding s

unknown.

The changes which have occurred in the immune
system of the spacecrewmen have not been detri-
mental to health, Nevertheless, it s important (o
yuanlify the significance of the characteristic patterns
noled before man is committed to extended missions,
Significant alterations of the inmune mechanisms, if
these did occur and were of a serious nature, conld
reduce a crewman’s ability to combat infections and
repair traumatized Gssue in the space flight environ-
ment and after return to earth.

The Skylab experiment M2 is planned specif-
ically to detect quantitative and qualitative changes
in the immunoglobulins and related  proteins and
lymphocyte functions. Inelusion of this experiment

in the SMEAT Program permitted an investigation  —

of factors of the Skylab environment other than
weightlessness on the parameters of interest. 1t also
provided baseline data for the Skylab missions. The
SMEAT version of experiment M2 consisted of two
investigations, one dealing with humoral responses
and the other with lymphocy te reactivity.

Humoral/Immunological Responses

In this phase of the experiment, total plasma
proteins were determined as were plasma protein
fractions, that is, albumin, alphaglobulins, beta-
globulins, and gammaglobulins.

Procedures

Prechamber, in-chamber, and  postchamber
samples were taken. All three SMEAT crewmen
participated (see Table 6-1). Three other men served
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as controls while the erew was in the chamber. All
results were compared with those for Apollo mission
astronauts. Figure 6-3 shows the process scheme for
blood samples for both phases of the M2 experi-

ment,
[ Blrouo samjile ]
1N mi heparinized
Separahon of blood samp[e
Plasma | RBCIBnHy coal
COLLECTION SITE l

Not used

[Lymuhmy!e separahorﬂ

] Culture and
| incubate Iymphocyles

[

Transumt at i Transport at
TRANSPORTATION 20040 250 C LR IG L
l ] l ] ]

‘ lLympm)(yw anatyrseis}

l |asrna promm analyseﬂl

Figure 6-3. Blood processing for Experiment M112.
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i
|
|
|

LABORATORY

Various tests were used to determine serum
protein concentrations. These were as follows:

1. Total serum protein determinations. Serum
protein determinations were made using a Bausch and
Lomb serum protein meter. This instrument measures
the amount of protein based on  the formula-
corrected index of refraction of the known serum.

2. Serum protein electrophoresis. Electrophoresis
separates elements of the albumin and globulin of the
plasma, among them alpha-1, alpha-2. beta, and
gammaglobulin, on the basis of the electrical charges

of these molecules.” Electrophoresis was performed
ou cellulose acetate membranes at 230 volts  for
14.5 minutes. The membranes are fined, stained, and
dricd, and scanned with a densitometer. With the use
of a computer, data readouls are provided in terms of
gram percent values for each protein fraction as well
as pereent of total protein for each separated
fraction,

3. Electroimmunodiffusion (E1D). The EID
method  permitted quantification of those serum
proteins not identified by means ol the other tests
employed. These included  transferrin, haptoglobin,
and others. The FID process separales antigens by
exposing them to specilic precipitating antibodies,
Identification ix possible beeause antigens migrate at
different rates when exposed 10 specific precipitating
antibodies.

Results

A varicty of humoral responses were noted after
56 days of exposure to the SMEAT environment. The
most noteworthy of these was a rise in the serum
immunoglobulin- 1g6; and 1gN. Total serum protein
for all three crewmembers and controls remained
within normal limits and was steady during the study.
Findings for specific serum proteins are summarized
in Table 6-3.

Conclusions

Data for the SMEAT crew suggest that an
immune reaction niay have occurred during the latter
days of their stay in the chamber. The exact nature of
the agent or agents causing the response is unknown.
No clinical illness was obvious during the course of
the study. The immune changes must. therefore, have
represented cither a subclinical illness or challenge by
a nondisease-producing agent.

*Different protems have different proportions of acidic and
basic side chains, and. hence, different isoelectric points. In
a solution of a particular hydrogen ion concentration, some
proteins move toward a cathode and others toward an
anode; depending upon the size of the charge as well as
upon molecular size and shape, different proteins move at
different speeds. This difference in behavior in an eleetric
field is the basis of electrophoresis.
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Controls produced a wide variety of responses,
probably because they were not confined or pro-
tected from contact with infectious agents, and
showed signs of contact with agents.

Table 6 3

Humoral Responses

Serum Protein Finding

Albumin Normal; low in first posttest sample
a, -Globulins Normal
-Globulins Narmat
a%-Globulms Normal; fluctuated in one control
Y -Globulins Normal
Transferrin COR, PLT low-normal; controls
normal
Haptoglobin PLT steady,; CDR, SPT etevated IT;

controls low

Ceruloplasma Normal, steady

Gamma A Norma!, steady

Gamma G PLT, COR high-normal

Gamma M Normal

Gamma D Normal

B1A Fluctuated; no significant change
Q,Macroglobulins Normat

a.1 Acid glycoprotein { Steady trends; no significant changes

a1Amitrvpsin Normal
Australian antigen Negative
CRP No significant changes

The results of the SMEAT study do not correlate
with the changes seen on most Apollo flights. During
Apollo missions, there was a postflight transient
increase in IgA but no significant differences in 1g6
or legM. Marked elevations were observed in haplo-
globin, ceruloplasmin, and a,-acid glycoprotein alter
some missions. A\ moderate decrease in transferrin
was noted in the late postflight observation interval.
ay-M-globulin revealed a biphasic pattern, with an
increase immediately postflight in most cases, and
subsequent decrease 1o below preflight control values.

Apollo studies suggest that while the humoral
immune system of crewmen subjected to space flight
shows some characteristic patterns, these changes are
not detrimental to health and do not appear to be a
limiting factor for extended manned missions.

The SMEAT results imply that the patterns
characteristically observed on Apollo, especially with

respect o changes in the carrier protein, may be due
to a feature unique 1o space Hight and not 1o the
chamber  enviconment. The addition  of inflight
sampling on Skylab will help to establish the time

course of these changes il they persist.

Lymphocyte Reactivity

Examination of the cellular component of the
human immune system, small lymphoeytes and
macrophages, can provide indications of the status of
the immune system as a whole. Two aspects of these
cells were considered. First, antigenic responsiveness
was determined by quantification of n vitro rates of
synthesis of RNA and DNA in the presence of an
anligenic  stimulant. These functional changes are
paralleled by morphologic changes, which  were,
therefore, also examined.

Lymphocyte Antigenic Responsiveness

Lymphocytes  were  examined  for in vitro
antigenic responsiveness by quantitating the rates of
synthesis of RNA and DNA both in the presence and

absence of the mitogen phytohemagglutinin (PHA).

Procedures. The three SMEANT  crewmembers
participated along  with  nincteen  controls,
Lymphocytes  were  separated  from  heparinized

venous blood by licoll gradient eentrifugation and
cultured with or without PHA in appropriate media
(lvans & Middleton, 1970). At the time of maximal
RNA and DNA synthesis (23 and 72 hours, respec-
tively), cultures were pulsed for one hour with either
$iuridine or 3ll-thymidine. The radioactivity in-
corporated into washed lymphocytes was measured
by liquid scintillation  spectrometry.  Lymphocyte
viahility at the time of harvest was assessed by
supravital florescent stain, and the results calculated
as 311 disintegration per minute (DPM) per million
viable cells by correcting for quench and counting
efficiency.

Results. Lymphocyte reactivity for the SMEAT
crewmen remained  within  previously established
normal ranges during the period extending from T-20
(twenly days prior to the chamber test) to R+3
(five days after conclusion of the test). The pattern of
response was similar o that exhibited by Apollo
mission astronauls.
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Figure  6-1. Serial  determinations of RN\ synthesis
stimulated (top and unstimulated (botton) lvmphoeytes in
control subjeets. Shaded areas demark the Y0th pereentile
norimal range,

Figure 6-4  illustrates serial determinations of
RNA syunthesis by both stimulated and unstimulated
Ivimphocy tes from the nineteen controls. Figure 6-5
illustrates these data for DNA synothesis by normal
lymphocytes, Figares 6-6 and 6-7 indicate the  same
data for lymphocytes cultured prechamber and post-
chamber for the SMEAT erewmen, These mean
synthesis rates can be seen to remain within the
9th percentile also, but individual values show some
scattering. There was a marked decrease in RNA and
DNA response on R+ 14 for all three crewmen. DNA
synthesis rates were below normal for two of the
three crewmen.
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Figure 6.5. Seral determinations of DNA synthesis in normal
ly mphocy tes in control subjects.

Leukocyte Morphology

Procedures, For  this  phase  of  the study,
lymphoeytes were coltured for a three-day period
with phy tohemagglutinin, extracted from the Kidney
bean. Appropriately stained preparations were then

examined in the usual manner.

Results. Figure 6-8 illustrates the results. As can
be  seen, morphologic  alterations of  the  sinall
lymphocy tes parallel the inerease of RNA and DNA
syilhesis rates. The blastoid transformation is illu~
trated at the upper nghthand corner of the figure.
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Figure 68. PHA stimulated lymphocytes.

Conclusions. Fifty-six days of residence in a
Skylab-type  environment produce  essentially no
change in the reactivity of the immune system, as
typified by the rate of RNA or DNA synthesis in
small lymphocytes. The one point of divergence
between the SMEAT crew and previous Apollo crews,
a marked depression in synthesis rates on the four-
tcenth day after the chamber study, may be due to
some technical difficully in the experiment. This
issue is being investigated further. Lymphocyte
morphology changes paralleled functional changes.
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PART C: BLOOD VOLUME AND RED CELL LIFE SPAN (M113)

Philip C. Johnson, Jr., M.D.

Baylor University, College of Medicine

The oaxygen-carrving capacity ol the circulatony
svatem s inherent in the red blood cell and decreases
a= the numiber of red hlood eells decreases. Red blood
coll mass was reduced posttlight in virtaally all Apoltlo
were, however,

astromaats, RBGC mass rednctions

noticeably  smaller for \pollo T and 8 creswmen,
During these missions, there was a small amount of
nitrogen in the breathing atmoxphere hecause no
operational  decompressions were required  which
would lave eliminated the nitrogen introduced at
Jauneh. These findings led o the hy pothesis that red
blood cell mas changes were the resudt of the

mereased partial pressure of oxygen in the spaceeralt.

I hy prroxia produced RBC mass losaes, it would
be likely 0 do =0 by one of two mechanisms;
prrosidation ol the RBC membrane with destruction
of the rrd blood cell. or inhibition of ery thropoiesis.
Further. it hemolysis were oceurring. older eells
wonld be likely to be destroyed before yvounger ones,
If inhibition of ery thropoiesis were occurring, RBC
canival studies woultd not show a disproportionate
wumber of voung red blood cells. Space flight results
are cquivocal on the point, Gemini findings favor the
first hypothesis: \pollo findings favor the ~second.,

Red Blood Cell Studies in Skylab and SMEAT

Sinee the SMEAT atmosphere was not hy peroxie
as compared with Gemini and Apollo atmospheres,
rednctions in RBC mass would not be anticipated if
indeed hyperoxia were the factor responsible for the
obeened Tosses, 1t a decrease in RBC mass were found
alter SMEAT, a mechanism other than hyperoxia
would huve to he considered to explain the space
flight data, especially if similar reductions were to be

found in Skylab erews.

Failure to find RBC mass reductions in SMEANT Jon
the other hand . would provide {urther evidencr in
support of the theory that prior RBC mass losses in

.\llil('i' crewimnet rl‘.\llhﬂ'll "l"()l]l 1'\[!()&“[’!' to ll_\}ll'l'()\i(‘

atmospheres. Any chunges in RBC mass or hife span,
should these e found alter the =hylab nissions,
could nore vlearly be attributed to some factor
nnique  to the space environment and not o the
gaseous atmosphere. W oreductions weree found in
Skylaly erewmen, the RBC Tife span stadies wonld

help to clarily the mechansim of actron,

Plasiua Volume Studies in Skylab and SMEAT

Space flight has also produced plasma volume
changes. These. however, have varied with the length
of the mission. Crews returning from longer missions
exhibited smaller decrcases in plasma volume, or no
decrrases, than did those engaged in shorter missions,
In fact. plasma volume  determinations alter the
Gemini 7 twoswerk mission were above premission

levels.

Bed-rested subjects also show decreases in plasma
volume, However., these decreases persist for the
entire hed-rest period. This does not seem to be the
pattern for individuals exposed to weightlessness. In
missions of vary ing lenath, plasma solume appears Lo
decrease below premission levels during the first weck
and o normalize or imercase during the second week.
These changes may  represent an adaptation  to
weightlessness and indicate that adaptation takes

about ~even days to oceur.

Since it is likely that plasma volume changes are
related solely to the removal of the gravity factor.
one would not anticipate plasma volume changes
during a Py test. The test did, however, afford the
opportunity to verify experiment procedures,

Procedures

Prechamber, in-chamber, and postchamber bood
samples were taken for the SMEAT crewmembers
(~¢ Table 61y, Data from Gemini and Apoflo crews

served as control subject data.
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Thi~ experiment had four part=2in cach a different
radioizotope tracer was used: (1) To detennine RBC
production rate; (2) To measure RBC mass changes
and RBC hife span: (3) To determine seleetive age-
dependent envthiroeyte destruction: and (1) To
determine plasma volume changes.

Red Blood Cell Production Rate

The rate of RBC production was measured
quantitatively by ajection of o known gquantity of a
radivactive iron teacer (PP The  radioiron,
combined with globulin, is transported to other parts
of the bady. The iron (nomtagged and radioiron)
which reaches the membranous bones i incorporated
into the heme portion of hemaoglobin by the bone
marrow . Since uot all the ron appearing in the
plasma 1= wsed for erythroevte production but s
instead taken up by the iron pools of the body, a
fraction of the injected radioiron will be unavailable
tor incorporation into developing RBC S This can be
determined by mecasuring  the  coneentration  of
rachoiron in the circulating RBC after seven days and
comparting 1t with  the imtial concentration of
rackioiran i the plasina.

Red Blood Cell Mass and Survival

Ay changes in the rates of RBC production and
destruction are necessariby reflected i the red eell
mus~. Such changes were measured amid analyvzed by
injection of radioactive chiromium (2 1Cr i the form
ol sodium chromate) tagged red cells. The sodium
chromate diffuses through the cell membrane where
it ix comerted to chromium chlorde. and| in this
lorme. bound to hemoglobin. The volume of RBC s is
then caleulated by allowing the chrominm-tagged
eclls 1o disprese through the circulatory system and
measuring the extent to which the chromium ha-
become  dilted. Chrominm incorporated into the
hemoglobin structure of the circulating red cells also
provide~ a2 means for estimating tie rate of random
cell destruction by monitoring the rate at which
chrominm disappears from the red cell mass.

Age-Dependent Erythrocyte Destruction

To determine selective age-dependent erythroey te
destruction and mean red cell life span, carbon 14
labeled ghycine (2-1¥Caghyeine) was injected into a
superficial arm vein of cach crewmember and control

subject. The gly cine gives a cohort tag of the RBC s
by its incorporation into  the heme portion of
hemoglobin and labels the erythroeytes during their
development. Sequential blood sampling then gives
the pereentaze of the label in the blood at a given
time (davs). By plotting these data. a survival curve
was obtained. The resultant cunve was analyzed
mathematically to determine the mean life span of
the cells,

Plasma Volume

Plasma volume changes were measured by adding a
known amount of radiciodinated (1251 human
sorum albunnin to cach crewniember’s blood.
(\Mbumin prevents plasma fluid from leaking out of
the capillarics into interstitial space.)

Results

Table 0-4 indicates the findings of the S1Cr RBC
mass and RBC survival determinations, and  the
plasma volume findings.

RB( Mass Changes and RBC Survival

There war o mean  red  cell mass  decrease
of 2.7 pereent which was compensated for by a
mean anereas of L6 percent in plusma volume
resulting in a 2.7 pereent dececase in total hemato-
erit. The weight change of the SPT caused his red cell
mass and plasmavolume per kilogram of body weight 1o
increase postmission 6.0 percent and 13.7 pereent
respectively. The weight changes of the other two
crewmembers were not as great so  their values

showed a smaller change.

Ordinarily after weight loss due o dicting, the red
cell masy change is proportional to the weight loss. In
the case of the SPT the weight Joss was accompanied
by an inerease rather than a decrease inred cell mass
per kilogram of hody weight. This reversal of the
usual findings wus probabhy due to the effect of the
rigorous physical conditioning program followed by
thi~ individual.

RBC sunival, as shown in Table 6-4, was shorter
after the SMEAT missiou than the values obtained
premission. hut stll within normal range. These
values are however, <l within the range of normal.
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Ferrokinetic Studies
Theee studies zave 1o evidenee o inereased red cell

|vr(uhu'lim|.

Selective Destruction of Red Blood Cells

The results of the 2.1 ‘(Lgl)rill-‘ determinations for
red cell survival <how no sizoniticant shortening ol
mean red eell We spans a value ol more than
30 pereent during the FOO davs of the tesl would

mdicate such a shortening.

Plasina Volume

There was a slight anean mevease i plasma volume

C Loy Thos = well within normal range

Conclusions

The resafts ol this experiment do not imdieate
sienilicant shortening of the ved cell hite 2pan during
the mission. This does not susgest that the VAT
vivironment could ot be associted with red eell
enzyme changes, 10 does <how that auy changes in
czyvines were nol sufticiently areat o signilicanth
orten red ol sunvival, There was no evidenee of
bowe mareos ey thropostic suppression nar was there

any evidenee of mereased eed cell destrusction,

No technical ditlicultios were encowntered . Intra-
mis~ion  blood  ~umples provided additional  data

points resulting in niore casily uterpretable resalts,
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PART D: RED BLOOD CELL METABOLISM (M114)

Charles E. Menge!, M.,

University of Missouri School of Medicine

At one Lime the red blood cell was believed to be
an inert particle composed of water and hemoglobin,
Further experienee, particularly in the arca of viable
red corpuscle preservation, has shown the ervthroey te
to be a dyvnamie, living particle doing work and
requiring energy via plucose metabolism. The average
lite span of the human red blood cell i estimated to
he 120 dayvs, and. during  these 120 days, it s
estimated  that  the
100 miles hetween the heart and the various Gssues

average  erythroeyte  travels

which it serves,

In order to remain functional and serve its purpose
effectively, it is necessary that the red corpuscle
maintain an optimum osmotic balance against a steep
ionic gradient, resist forces which try to change its
biconcave shape to spherical, and maintain an active
transport mechanism which allows the passage of
glucose and ions across the red blood cell membrane.

Energy ts required to accomplish these functions.
Most important, energy i required to maintain the
corpuscle’s ability to transport the oxygen necessary
to maintain life in the body tissues. This energy must
he obtained by the breakdown of glucose within the
red blood eell.

The Skvlab red blood cell metabolism experi-
ment (M1 LB is designed to detect any changes which
space flight exposure might produce in the glucose
metabolic pathway. Several key intracellular enzymes
which would provide clues to such changes will,
therefore, be analyzed belore and after the Skylah
missions. In addition, because little iz known about
the process by which ducose enters the red blood cell
through the cell membrane, the experiment will
include an investigation of the chemical composition
and structural integrity o this membrane. The
SMEAT vemion of exprriment M1 provided an
opportunity to examine the Skylab environmental

factors excluding zero gravity .

Procedures

All analy sex of glycoly tie enzymes for the SNHEAT
CREW WOTe |wrl'um|vd before, during, and after the
chamber test. Control subjects were enployed during
the pretest and inchamber period. ANl laboratoes
procedures used are contaimed in the JSC Shylab
Laboratory Procedures Document.

Results

The resutts of the ghcoly tic enzyme analy ~es are

presented in Table 6-5.

Reduced Clutathione (GSIH. During exposure, the
value 722333 i signilicantly different from all
other values inclnding simultancous controls. I value
ix lexs than 023, Values for GRH evels after exposure

return to pl'l‘l'le()hlll'l‘ less (‘l.&

Adenosine  Triphosphate (ATP), ATP shows no
significant differences; although the after-exposure
level is much lower than otlers, no simultancous

control determinations were run lor comparison.

2, 3-Diphosphoglycerate (23DPG). Dur-
ing-exposure levels are lower than before-exposure
levels. but controls during exposure are not different

from crewmembers during exposure.

Glucose-6-Phosphate Dehyvdrogenase (G6PD). Dur-
ing exposure, the GOPD values of 32214 are
significantly lower {p < .01) than the 4.7 £ 1.3 values

of stmultancous controls.

Hexokinase (IIK). Although values after exposure
are significantly clevated rmnparvd to others, there
were no simultancous controls, and, therefore, no

definite statement can be made.
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Table 6 5

Red Blood Cell Gly colytic Fnzymes for SMEAT Crew and Controls

Out of Chamber Contro! Duning Before Betore During Atter
Glycotytc Enrymes Units Mean *+ SD (Conteots) iCrew? (Crew! {Crew)
ME 102+39 166430 134.8+27 72.2+433.3 91.3+49.1
Glutathwne B Moles g b 5.9+1.1 7414 S.541.0 6.1+2.3 3.841.7
Adgenosine tnphosphate u motesigo Hb 5.6+2.0 8.0+2.5 8.1+1.9 4.5+42.2 5.8¢1.%
2.3 Diphosphoglycerate Extiscuon Units gm Hb 4.741.3 2.6+.6 4.341.4 3.241.4 5.5¢2.2
Gluwuse 6 phosphate dehydrogendse Exvorcion Units gm Hb 0.94+0. 31 0.67+.6 0.5840.27 0.78+0.37 2.2+0.7
Hexok 1iase Extnction Units ym Kb 24.0+6.2 37.6¢11.7 29.9+11.6 16.1+46.3 21.5+12.2
Phospholiuctukinase Extecton Units g Hb 62.4+13 .0 32.944.° 42.2+8.9 45.2+17.9 101.9+11.1
Prusphiuglyceric kinase Extrcthen omts g Hb i8.1+3.4 23.007.8 22.1413.3 15.246.0 25.746.2
Pyruvate kinase Eximction Unils gm Hb 8.5¢3.4 16.3¢5.9 17.845.9 6.444.8 15.2+4.8
Acetylcholinesterase Extinctior Unts gne Hb 58.2+5.0 61.746.4 60.4+4.9 51.0+5.9 69.8+6.6
2 3 Dwhosphoglycerate 0.80+.43 1.14+.58 1.47+.61 0.74+.64 1.53+1.18
Phosphofructokinase  (PER). During  exposure, References

phosphofructokinaze  levels are significantly  lower
than during controls and previous levels at all levels,

Phosphoglveeric  Kinase  (PGR). Phosphogly eeric
hinase fevels at 1322 6.0 are significantly (p <.05)
lower than all other values inchuding the 191 2 3.4 of
controls during,

Pvruvate Kinase (PR). PR i= not significantly

different.

Acetvicholinesterase  (ACHE . ACHE  is signil-
icantly  (p <.01) decreased  during  exposure at
510259 versus all other values, Afters exposure
values of acetylcholinesterase are sigmificantly higher
than other values although simultancous controls
were not obtained.

Conclusions

Statistically significant differences were found be-
tween crews and controls for ghy coly tic enzymes. The
absence of simultancous controls for the pre- and
postchamber analyses leaves the significance of the
findings in  the crew  during  these periods in-
determinate. In future studics it will be critical to use
controls during all phases of the study.
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PART E: SPECIAL HEMATOLOGIC EFFECTS (M115)

S. L. Kimzey, Ph.D.

Lyndon B. Johnson Space Center

Blood studies performed on Gemini and Apollo
astronauts have shown that significant changes in red
cell mass, in other bDlood constituentz, and in food
and electrolyte balance occur as a result of exposure
1o the space environment. The data suggest that zero
gravity and high oxygen content of the spacecrafl
atmosphere, or perhaps a combination ol the two,
may  he responsible for the changes observed. A
number of other factors might also be involved.

Skylab more
extensive analyses of blood before, during, and alter
space {light 1o yield a better understanding of the
extent, time course, and etiology of the hematologi-
cal changes noted so far in connection with space
flight The SMEAT
experiment M115  permitted  evaluation  of  blood

experiment M115  provides  for

exposure. version  of
changes of the type that might be occasioned by the
Skyvlab atmosphere without the complicating variable
of weightlessness.

Equipment and Procedures

Five prechamber, eight in-chamber, and four post-
chamber blood samples were obtained from  the
SMEAT crewmembers,

Both routine and special hematologic procedures
were utilized in this experiment. The measurements
performed and the routine and special hematology
procedures used are detailed in the JSC archival
document, Skylab Laboratory Procedures. Table 6-6
summarizes these.

Results and Discussion
Routine Hematology

Commander. The CDR's red cell count, hemo-
glohin concentration, and hematocrit did not change

significantly  between  the  pretest and  postiest
g Y 3 t

sampling  periods. There was a modest drop i
hematocerit with no change in red eell count. This was
reflected in a lower mean corpuscular volume (MCV)
pre- and posttest and could not be attributed to
chamber  exposure. Mean corpuscular hemoglobin
(MCI) and mean corpuscular hemoglobin concentra-
tion (MCHCY were unchanged. White blood  eells
counts showed normal MNuctnations.

Science Pilot. The SP1T s red eell count was not

stenificantly  changed  posttest. Hemoglobin
concentration and hematocrit were within normal
limits for astronaut populations pretest but devreased

below
posttest. Red cell indices were normal hoth pre- anl

these  normally  lower-than-average  values
postiest with the exception of mean corpuscilar
volume values on day 195, This latter situation may,
however, reflect laboratory  variations. The SPPI's
total white cell count was below average normal
values on all sample days pretest and posttest but fell
classilication  based on

within  the low normal

astronaut normal values,

Pilot. The PLTs red celt count. hemoglobin
coneentration and hematocerit were all within normal
range and showed no significant trends during the
sampling periods. The total leukoey te count was low
normal but within normal astronaut ranges. There
was a definite lymphopenia, especially during the
posttest period (1,045 cells/cu mm). Leuhopenia s
rarcly due 1o a reduction in lymphocytes, One cause
ol lymphopenia is the admimstration  of
adrenocorticotrophic  hormone or adrenal cortical
hormone. Plasma (ACTIH) was elevated pretest and
plasma-free hydrocortisone was slighthy elevated
during the study (see MOT3: Bioassay of Body Fluids
Report).

All other routine  hematological  measurements

were normal for all crewimen,
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Table 6 6

Hematology Procedures

for Experiment M5

Parameter

Routine Procedure

RBC/WBC count
Hematocrit
Hemoglobin conc.

Carboxyhemogiobin conc.
Methemoglobin conc.
and percentage

RBC indices {(mean corpus-
cular volume, mean corpus-
cular hemoglobin, mean
corpuscular hemoglobin
conc.)

Platelet count

Reticulocyte count

Ditferentiat cell count

RBC crnitical votume, volume
distribution of whole blood
and age-density separated
cells

RBC and WBC uitra-
structural change

RBC shape

Total amount of K, P, S, S:
in young and old RBC'’s

RBC K

Hemoglobin content
{quantitatively in RBC
from whole blood
and from age-density
separated blood

Hemoglobin levels

Coutter method
Microcapitiary method
Spectrophotometry using
Co-Oximeter Model 182
Simultaneously with above

Spectrophotometry using
KCN to distinguish
metheoglobin band

Calculated from RBC count,
hematocrit, hemoglobin
conc

Microscopically with
hemacy tometer

Counting reticulated
cetls/1,000 RBC’s lexpressed
as percentagel

Av. of 3 counts of 100 celis

Special Procedure

Coulter particie-volume
measurement, and Herz-
Kaplan age-density
procedure

Transimission electron
mMICroscopy

Scanning electron
MICT OSCOPY

Electron probe X-ray
microanalysis

Flame photometry

Scanning microscope
photometry

Hemoglobin
electraphoresis

The absolute lymphopemia observed in the PLT

cannol be explained. Similar low counts have been
observed  through the years i previous physical
examinations.  No clinical  syiptoms  related 1o
lymphopenia were obzerved. Sinee the condition was

present both pretest and  posttest, it does nol
represent i response to the SMEAT environment.

Interpretation of these data is complicated by the
differences hetween published  normal ranges and
those compiled for the astronaut population. The
reason Jor the differenees s unelear but could
represent ditferences in laboratory techniques, dif-
ferenees belween astronauts and  the total male

population, or both,

Special Hematology

Red Blood Cell Critweal Volume and Volime
Distribution. Gemini mission data suguested that an
increased intravaseular hemolysis resulted ina netloss
ol red coll mass. Subsequent data collected i support
of the Apollo program and ground-based chamber
studies strongh suggest the cavse of this red cell Joss
to be the result of failure of the red cell membrane to
maitain a proper jonic balanee i the cell to prevent
hemolvsis i the face of increased oxygen m the

breathing gases.

Sinee the red cell regulates its volume within well-
detined limits under normal conditions, a shift in the
normal volume distribution profile could be indica-
tive of cither (1ya failure of the volume regulation
miechanisms (which coubld involve a change in passive
membrane permeabilityin the generation of energy
by mietabolic processes, or in the effective utilization
of energy by the Na-K pump enzyme svstem). or
(2) a stressful situation for which the cell could not
compensate. 10 eed cells are subjected 1o osmotic
stress in vitro In deereasing the osmolality of the
suspension medium. the volume  achivved  betore
hemolvsis occurs is a measure of the compliance of
the cell membrane,

In addition 1o rxamining whole blood, the top
ten pereent (voung cells) and bottom ten pereent (old
cells) of a packed cell column were also analy zed {or
their volume distribution and. in selected cases. their

eritical volume.

Changes i red cell volume for whole blood and

age-density  separated  blood  are illustrated in
Figure 6-9 and 6-10. respectively . The subject was the
SMEAT COIL Vigure 0-11 shows changes in volume
distribution from age-density separated cells, again

for the CDR.
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Figure 6:9. Changes in red eell volume with deereasing osmolality.

In general, the older red cell population behaved
similarly to the whole blood while the younger cells
had a higher critical volume. The young cells were
able to withstand a greater influx of water and
therefore more swelling than the older cells.

Changes in membrane compliance are characteristic
of aging in the red cell. lonic content and metabolic
capacity also change in red cells with age.

Altempts at an absolute calibration of the mult-
channel analvzer (i volume per channel) have not
vielded useful results. Measurements show the cells
having a volume soome 30 percent larger than

eapected, The difficulty may lie in the blood cell
orientation a= it traverses the aperture of the counter.,

It is generally recognized that the cell measured by
the

residence time in the aperture and its orienlation asit

Coulter method is intimately related o its

flows through the aperture. The degree to which the
flexibitity of the cell alters the volume distribution
profile is illustrated in Figure 6-11. The type of
curves exhibited by young, old, and the total red cell
population were consistent enough to identify each
subpopulation. As the red  cell loses membrane
complianee and becomes more rigid with age, the
artifactual spreading of the distribution curve caused



6-24 SKYLABMEDICAL EXPERIMENTS ALTITUDE TEST

280

270 —

260 —

© voung 8LOOD
7 WHOLE BLOOD

© owsLoop

\

@ /
w
[}
: g
z 2901
-
w
b4
4
L g
I
(8]
5 240 }—
<«
[+ o
>
g

230 ) —

~
©.__
-
©
220 p—
210 i | | | |

152 148

144 137 134 129

SUSPENSION OSMOLALITY. mOsM

SMEAT CDOR DAY 195

Figure 6-10. Changes in red cell volume from age density separated samples.

by the cell’s orientation in the flow channel is
reduced.  Fixing Whe cells  with  gluteraldehyde
produces a similar effect.

An electrical modification of the Coulter
Counter-MCA system has been designed which will
discriminate electrical signals from cells with exces-
sive residence time in the aperture. This, with the
computer curve-solving analyses, will provide a more
precise estimate of red cell volume distribution and
critical volumes. Applications of these analyses to the
age-separated cells will also increase the resolution of
the best solution to changes in specific subpopula-
tions of the red cell sample.

Transmission and Scanning Electron.
microscopy Ultrastructural and Morphological
Changes. The ultrastructure of blood cells in the
SMEAT samples, as seen by the transmission electron
microscope, was normal.

Transmission clectron microscopy, while providing
information on ultrastructure, does not delineate the
three-dimenzional structure of the cell. These details
can be visualized by use of the scanning electron
microscope with a ten-fold greater resolution than the
light microscope permits and with a large depth of

field.
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Because of the physiological importance of the red
cell shape and the variety of pathological conditions
in. which red eells can undergo shape changes, a
characterization system for red blood cells using the
scanning clectron microscope was established during
this  study
morphology .

to evaluate changes in red blood cell

Four categories of red cell morphology were
These characterized  as  having
(1) normal concavity: (2) loss of concavity, flainess,
or nucleation: (3) abnormal voncavity: and (4) erena-

delined. were

ton. Fach of these morphologically distinet cells is
indicated i Figure 012, Baseline data were obtained
both crewmembers
preflight, and the percentages of red cells in each
in-chamber  and
postilight samples, No significant abnormalitics were

from normal  controls  and

categony  were compared  with

found as a result of the chamber study .

Electron Probe X-Ray Microanalysis — Electro-
{vte  Determinations. Data from previous Apollo
flights have suggested a net loss of total body
polassium during the mission and a retention of
urinary polassium postflight. While the major portion
of total body potassium ix intracellular (primarily in
muscle tissue), the mechanisms responsible for ionic
equilibrium in musele tissoe also function in the red
corpuscle. Thus. the red blood cell, which is more
casily accessible for chemical examination, may scrve
as a model system 1o evalvate particular aspects of
the other tissues of the body at the cellular level.

Because of these previous findings, potassium was
the clectrolyte of primany interest in this segment of
the MI15 studies. There are, however, additional
reasons for measuring red cell potassium concentra-
tions.  Changes in intracellular  potassium  reflect
alterations in red cell metabolic processes, which can
ultimately result in ecell lysis. Potassium is also an
age-related  parameter in - red  cells, decreasing in
concentration as the cell grows older (Joyee, 1958).
A change in the relative proportion of age groups in
the red cell population would be characterized by a
change in the potassium concentration profile.

Electron probe X-ray mieroanalysis was performed
to determine changes in red cell electrolyte con-

SKYLARB MEDICAL EXPERIMENTS ALTITUDE TEST

centrations. Three additional new developments were
applied to this study to increase the sensitivity of the
analysis to transient changes in red blood cell
composition. These were: (1) Age-density separation
of the red blood cell samples 1o disclose a more
responsive  and
(2) Measurement of cellular dry mass by substrate
X-ray absorption, which provides a direct correlation
between cellular mass and electrolyte composition:
and (3) Flame photometry on red blood cell samples
to confirm the microprobe analyses.

homogencous  cell  population;

Because of the complexity of and time required for
both the collection and analysis of the electron probe
X-ray data, onc SMEAT crewman (PLT) was selected
for detailed examination of young and old ccll
populations by the clectron probe X-ray micro-
analysis technique. Selected samples were analyzed
from the other two crewmen. Computerization of the
X-ray analysic will significantly shorten the time
required for these analyses making it possible to
examine all the samples from Skylab.

The net Ka X-ray intensities for K, P, S, and Si
from the PLT’s young and old red cell fractions are
shown in Figure 6-13: data with standard deviations
are given in Table 6-7. Examination of the PLT s red
cell potassium, the clectrolyte of primary interest,
shows a lransient elevation in the younger cell
fraction shortly after entrance into the SMEAT
chamber and again upon egress. There is a slight rise
in the older cell potassium X-ray intensity at the same
time. Evaluation of the population profiles for
polassium shows this transient change 10 be due to
the appearance of a small subpopulation of cells at
day 211. This may represent newly formed red cells
which would be expected 1o have a higher intra-
cellular polassium content. The possibility of this
distribution being due 1o sampling error is negated by
the flame photometry data.

Net potassium X-ray intensity measurements are
indicative of the total amount of potassium per red
cell and, because of potential differences in cell size,
may not correlate directly with measurements of
concentrations. Thus, a larger cell may have the same
potassium concentration as one much smaller, but
would have a higher net X-ray intensity. To correct
for possible differences in red cell size (dry mass), the
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Class | Normal Concavity Class 1l Abnormal Concavity

Class Il Loss of Concavity Flatness

Class |1 Nucleation Class |V Crenation

Figure 6-12. Representative micrographs of red ecll SEM classification,
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Table 6 7

Fleetron Probe Nicroanaly sis
of \ue-Density Separated Red Blood Cebls

SOURCE:
SMEAT, PILOT X-Ray Intensity, Mean Net Counts/50 Sec *+ 1S. D.
K S P Si Reduction (ASi)

PERIODS:
Day 188, Young Fraction 2386 : 831 1359 + 271 611 1t 170 3733 + 7718
Day 188, Old Fraction 2376 : 366 1479 :+ 247 498 + 109 3992 834
Day 195, Young Fraction 2294 : 381 1345 ¢+ 152 487 + 151 3255 + 584
Day 195, Old Fraction 2058 + 359 1382 :+ 158 273 + 117 3565 ¢+ 685
Day 211, Young Fraction 3085 :+ 1526 1378 + 218 528 : 106 3683 : 617
Day 211, Oid Fraction 2580 : 578 1519 + 158 474 : 98 4291 + 882
Day 262, Young Fraction 2440 + 1048 1280 + 185 497 + 83 3209 *+ 657
Day 262, Oid Fraction 2670 + 369 1455 ¢ 215 349 : 94 4019 :+ 803
Day 264, Young Fraction 3397 + 1078 1298 t 244 634 1 189 3647 + 963
Day 264, Old Fraction 2789 ¢« 626 1351 ¢ 256 561 : 134 4058 *+ 1133
Day 265, Young Fraction 2801 + 1543 1314 + 172 561 t 215 3511 « 783
Day 265, Old Fraction 2216 + 417 1345 + 278 252 : 68 3857 + 790

net N-ray intensitics may be normalized v one of
two methods. Since the N-ray counts come primarily
from the hemoglobin inoiety and have been shown o
correlate  with  microspectrophotometry  measure-
ments  of  single  cell hemoglobin concentration
(Kimzey et al.. 1973), these data may be ased to
correct for differences in cell dry mass,

The S Xeray intensity remains relatively constant
throughout the SMIEAT study, indicating that the ccll
samples anabyzed are not significantly different with
respeet 1o protein content (Figure 6-13). Cell size
remains constant within the respective age-separated
fractions: therefore, the alterations in potassium
X-ray counts in respective age fractions from dif-
ferent  periods are probably due to changes in - con-
centration. However, cells from the younger fractions
are consistently less dense andfor smaller than eells
from the older fractions.

The age-dependent nature of potassium concentra-
tion in red blood cells was demonstrated by the flane
photometric analysis of the polassium content in the
three age fractions, separated by denaity centrifuga-
tion. The differenee in the younger versus the older
cells is highly significant (p <.005) in all the subjeets.

Another method for correction of cellular mass
differences and for standardization of experimental
technique uses the reduction in the X-ray mtensity
from the silicon substrate due to absorption by the
cell ax an indicator of the cellular dry mass. This
method s independent of  variations in ccliular
clemental composition and relies on the vell size and
density. There was a consistent difference in cell mass
(&%i) between the young and old fractions at all
sampling prriods. The variations which are present
between sampling periods occur simultaneously in
both fractions and could he representative of shifts in
the behavior of the total cell sample during the
age-density separation procedure,

Correlation analyses between all elements con-
sidered (K. 5, P. Si) within these cell populations
indicated  highly (396 peeeent)  inverse correlation
exists between S and Sioin all populations. This
shows, as predicted, a strong agreement between
cellular protein content and absorption of the Si
N-ravs from the Sisubstrate by cell mass.

The nse ol the electron microprobe in this area of
analy sis affords the first direct evaluation on a single



HEMATOLOGY/AMMUNOLOGY (M110 SERIES)

6-29

500, . « YOUNG FRACTION
‘1 so-e---e 01D FRACTION
!
i /’
[ A s O P
4000

2500

X RAY INTENSITY COUNTS 50SEC

s A
1500{.3\‘ _—_,_—---"’&"“"‘-""-'°""/_"‘4.\ N
&_{\ A 7"y ’ 7/\ =/
1000}
P 3
~ B
SOOhB B _E] ----- D ;’E\
- - - e . -
.. =" e (@ '
¢~ —PREF LIGHT ¢ INFLIGHT — 4 POSTFLIGHT
kel L TR A
88 195 T T T v T T T T T 7262 264 265

SAMPLING PERIOD. JULIAN DAY

Figure 6-13. Net X-ray intensities from age density-separated red blood cells.

cell basis of the relationship between intracellular
electrolyte concentration and variation in cellular
mass. The probability for correlation between K and
ASi in the young cell sample is greater than in the
older fraction; P is also significantly correlated with
A Si (>92 percent probability) in more of the younger
cell fractions than in the older cell samples. These
data suggest that the younger cell fractions are a more
homogenous  population of cells than the older
fractions.

Additional support for this conclusion is provided
by the flame photometry data. When the two
independent measurements of cell K are compared
(Figure 6-14) the similarity in the curves is obvious,

especially in the curves obtained from the young
cells. The older cells are more varied in general. The
data from the microprobe would be expected on the
hasis of this comparison to show the same type of
curve if all time periods had been analyzed. The
transient changes in K content in this crewmember
upon entry and egress from the chamber are
strikingly demonstrated in the correlation between
these two independent observations. The advantages
of utilizing the age-density separation technique to
disclose changes in a more homogenous population of
cells are readily apparent.

Figure 6-15 shows net X-ray intensities for K, S,
and P corrected for differences in cell mass. In
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addition to the changes wen inntracellular K
content at dav> 211 and 201, itracellular 1P shows a
marked rise 0 the young cell fraction during the
in-chamber period of the study . This inerease is not
the cell
constant throughout the time period.

evident an old fraction  which remains

I was initially selected {or anabyvsis as an idicator
ol age separation i red blood cells, Y ounger cells
contain residual ribonucleie acid, which has a high
P content. At all sampling periods, the P content of
the young cell fraction was greater than that of the
old cell fraction. The P content of red Wood cells
may vary due to a number ol things. including
changes in wetabolic activity  and  phospholipid
content as well as age. The imerease in P eontent
during the in-chamber period does not appear o be
the increased  numbers of

due to apprarance ol

reticulocs te= which remain at prefhight levels. No
satisfactory explanation for this in-chamber increase
P fron the vonng cell Traction can e offered at

this time.

In summary . clectron probe microanalysis of red
bood cell K hows a transient clevation of K in the
voung cell fraction shortly after the crewmember s
entrance into the SMIEAT chamber and again upon
cgress, This change  appears w0 e due to  the
appearance of a small subpopulation of red Mood
cells containing high K. These cells may represent
newhy Tormed red eells,

Seanning Microscope Phatometry  Analysis of
Red Blood Cells. Red blood ¢ells from whole bood
analyzed Iy microspectrophotometry for

hemoglobin content. Computer anabvsis of the data

were
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Figure 6-13. Mass-corrected Xeray intensities from age density -weparated red blood cells.

revealed  no semificant  alerations  when the
parameters of cell size and hemoglobin content were

compared,

Further evaluations of red blood cefls from the in-
and poztchamber specimens are currenthy in progress
using VM-dimensional space analyses whereby n-vari-
ables from  the microspeetrophotometric data are
usedd for hyperspace comparison purposes. In addi-
tion. a ehuster anabvsis procedure. currently near
completion. may provide a means of distingnishing
certain individual cells or subpopulations when the -

and pn,-lrlunnlwr speeimens are compared.

{lemoglobin Flectrophoresis. Hemoglobin levels
ol the SMEAT crewmnen, as determined Iy hemo-
glohm electrophoresis, remained relatively  constant
throughout the exercise and no abnormal hemovlobin

variants were observed at any time.,

Summary and Conclusions

Routine Hematology

All routine  hematological  measurements - were
within normal astronaut population limits for the
CDR. SPT, and PLT. with one exception: A signif-

icant hvmphopenia was observed in the PLT during



6-32 . SKYLAB MEDICAL EXPERIMENTS ALTITUDE TEST

the posttest period, possibly the reflection of in-
creased adrenal corticoid secretion.

Special Hematology

No ultrastructural red cell membrane abnormalities
were observed in any of the subjects, nor were any
red corpuscle morphological abnormalities noted.
Shght elevations in the PLT s red corpuscular potas-
sium were observed i the younger corpuseles after
chamber entrance and again upon cgiess. This prob-
ably represents newly released young red cells from
hematopoietic tissue. Flame  photometric  analyses
confirm the fact that potassium is indeed higher in
the younger eells of all subjects examined.

All other special hematological studies, including
scanning microspectrophotometry for hemoglobin
content and hemoglobin electrophoresis for detection
of hemoglobin variants, were well within normal
limits.
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CHAPTER 7
MINERAL BALANCE — EXPERIMENT M071
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Concern for the long term  metabolic  con-
sequences of weightless flight was the basis for the
conception of the Skylab medical experiment to
measure mineral balance. Proper interpretation of
data obtained from the inflight study required a high
fidelity ground-based control study. The SMEAT test
provided the opportunity for this study.

It has long been suspected that the muscalo-
skeletal system would be particularly susceplible to
the prolonged  withdrawal of gravitational stress.
Astronauts have been subjected not only to a
nullified gravitational lield, but they have also been
confined in vehicles where mobility was restricted
and relative physical inactivity prevailed. These condi-
tions, singly or in combination, were t:xpccl('d to
cause deterioration of bones and muscles.

Long before space flights were planned, the
control studies by Dictrick, Whedon, and Shorr of
immobilization of four healthy young men for up to
seven weeks clearly demonstrated that immobiliza-
tion in body casts led to marked increases in urinary
calcium. These more than doubled in five
weeks, and were accompanied by negative calcium
balances, as well as related changes in nitrogen and
phosphorus metabolism. Correlative decreases in the
mass and strength of muscles of the lower extremities
occurred and deterioration in circulatory reflexes to

levels

71

gravity resulted within one week This eftect has been
noted consistently i space flight.

Other studies with inmobibzed subjects indicated
that the chnical disorders most Tikely to beoen-
countered during prolonged space Thght are primar-
ily a consequence ol an imbalance between bone
formation and resorption. Under these conditions,
there occurs loss ol sheletal mass which could lead
cventually to hypercaleemia, hypercalearia, osleo-
porosis, and possibly nephrolithiasis (Issekutz etal,

1966).

Since the most meticulous studies have disclosed
that the surfeit of caleium lost during bed rest is
mainly via the urine, it is pertinent to refer alwo to
studies of urine calcium in which balances were not
measured. The total evidence indicates that a one o
two percent per month loss of body calcium s a
reasonable prediction for weightless persons (Hattner

& MeMillian, 1968).

With the advent of space flight, additional studies
have been reported concerning the effects of simu-
lated weightlessness on skeletal metabolism. Grave-
line etal. (1961) reported no increase in urinary
calcium excretion in their study on one subject of the
effect waler
immersion. [t should, however, be realized that one

of one week of almost continuous
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week s a short period inwhich to observe symilicant
changes i calenmm metabolism. Vogt ctal, (1963)
han e shown negative balances ol small inagmitude and.
maddition, bave  demonstrated  changes in bone

density of Hie o caleis daring bed rest

Layneh ctal. (1967) have imvestigated the role of
stnalated altitude womodify g the effect of bed rest.
In 22 healthy men, bed rest of four weeks at ground
level conditions resubted in expected inereases i
prinaryand decal caleiun, and o urmany sttrogen,
phosphoris, sodiam. and chloride. Tn similar meta-
bohe ~tudwes carried out with another 22 subjects at
bed  rest ot stmulated  altitades of 10000 aud
2000 fect, urimary losse~ ol caleinm were sl
wantly Jess a~ altitude increased. Urinary dosses of
phosphorus. nitrogen. sodium. and chlorude were Jess
at 12000 feet as compared 1o bed rest studies at
ground level, These studics suggested that diminished
atmospheric pressure anay have a preventive elfeet on
mineral loss from the sheleton. Such data as are
avarlabile from inflight studies tend 1o support the use
ol immobihzation a~ a teerestrial model for altera-
tions in caleiwom metabolism during space fhight,
During the fourteen-day Gemini 7 thight. i the onh
metabolic balaee study in space thus far carned out.
a modest but sigmificant loss of calennm oceurred in
ote ol the two astromauts, and  the changes i
phosphorus and nitrogen metabolism ~upported the
obsenation  of  some  deterioration o musele
metabolisin (Lutwak ctal, 1909 and  Rewd et al.
1969).

That such losses are likelv o continue unabated
during prolonged space fhight s evident from studies
of bed rest lasting from 30 1o 36 weeks, In balanee
~tudies, calcinm losses from the skeleton averaged
(1.5 pereent of the total body calcimm per month.
the same normal subjects. tenfold greater rates of
localized loss from the central portion of the cal-
cancous were observed by Neray transmission ~cann-
ing (Vogeletal., 1970, and Donalitson et al., 1970).

In addition to wrightlessness, one of the primary
environmental  parameters e Skyvlab which  was
thought 1o be a possible influcnee upon the metab-
olism of bones and muscles was the clevated partial
pressure of carbon diovide, The literature contains

few studies i which elevated carbou dioxide partial
pressures have been used in conjunetion with dictary
control studies for accurate estimation of calcium
exerction and balance. Ome report (Schacler et al
1963)  on twenly  human  subjects exposed to
1.5 pereent carhon diovide Tor 32 days showed no
change m plasma. caleium, or phosphorus, but a Jight
rise in RBUC caleiam and {all in RBC phosphorus. In
another studv, Gray etal, (1909) studied  twebve
subjects at one pereent carbon dioxide for 22 days.
The authors found that wrum calcium (el and
urinary - calcium  declined initiallh 0 then rose. An
unpublished study by Weleh on g 30-dav exposure of
tour subjects at three pereent carbon dioxide appears
to be the onh study with dictary control. Tn this
study . the mean of urinary caleium increased fiftern
pereent during the period of carbon dioxide ex-
posurc, and in recovery returned virtually o the
controlled fevel,

In view of this lack of knowledge, a ground-hased
study war considered necessary  to imvestigate the
efteets of an atmosphere containing about 5.5 mm g
carbon dioxide or whatever Oy would prevail on
Shylab on the bivmedical measurements that are
~cheduled to he made on Skylab, These studivs were
to be carried oul under conditions (atmosphierie
pressure. humdity and composition as well ax diet).
which duplicated insofar as possible the conditions
expected in Sky fab, and would use subjects matched
i age aned phy sical characteristics with the Sky lab
crewnembers,

Procedures and Methods

To obtam definitive information on noneral losses
in SMEAT. the MOTH experiment was conducted., The
eaperiment consisted of a complete input and output
measurement  on o all crewmembers commencing
28 day~ preflight, continning throughout the 56-day
in-chamber phase, and for an 18-day period post-
chamber. Al nutrient and water intake was precisely
measurcd. AN Tecal material and urine samples were
passed out of the chamber for analysis, and samples
of blood were taken prechamber. in-chamber. and
postchamber.

Subjects

Three male Caucasian subjects designated CDR,
SPT. and PLT partivipated in this study . Their ages
were 350 -B3 and 35 v ears, r«->lot-('li\c'|) .
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Activity

Fach crewmember engaged in varying amounts of
physical activity including daily physical excrcise. No
attempt was made to control this expenditure. The
activity level of the SPT was particularly vigorous,
but reportedly typical of his exercise pattern (SPT
personal communication).

SMEAT Eavironment

The atmosphere of SMEAT consisted of a mix-
ture of about 70 percent oxygen, about 28 pereent
nitrogen, and 2 percent carbon dioxide for a total
pressure of 258 mm Hg. Temperature and humidity
were maintained well within the comfort range.

Diets

For optimal interpretation of metabolic data for
the elfects of factors under study, dicts for all three
phases were made  as similar and constant from
day-to-day in content and composition as possible.
Since cach individual served as his own control for
comparison in pre-, in-, and postchamber phases,
interindividual differences were permitted.

The food used in SMEAT consisted of a variety of
frozen, thermostabilized, dehydrated, and
compressed [ood. A facility existed in the chamber o
heat some foods prior to consumption and to
maintain others in a refrigerated state.

Fnergy requirements for the SMEAT crew were
estimated on the basis of age and body weight
according to the method recommended by the Food
and Nutrition Board of the National Academy of
Sciences, In utilizing this procedure, it was assumed
that each crewmember would engage in moderate
physical activity at an environmental temperature of

about 20°C. Menus mecting these energy require-
ments and providing constant and specificd intakes of
calcium, phosphorus, magnesium, sodivm, and nitro-
gen were formulated. These mens were fed to each
crewmember for a live-day test period and a six-day
test period during which changes in body weight were
closely observed. The meous were adjusted alter cach
test in order W compenzate lor weight changes, The
energy equivalent of these changes was assumed to be
20400 kjoule per kg of weight foss i order to
compensate for water loss, Thix energy equivalent i
recognized to be only an approximation the
abscuce of supporting studies on the nature of hody

composition changes,

The encragy intakes of cach of the three SMEAF
astronauts, during the first food compatibility test
which lasted five days, are listed in Table 71, and the
weight changes are shown in Table 7-2.

A six-day  menu compatibility  test was subse-
quently conducted. Again, the general aceeptabifity
ol cach food item and porlion sizes was judged by
cach  crewmember. In  addition, comments were
solicited relative to the degree of appeal for each
menu combination. The menus utilized in this case
were the ones intended for SMEAT. Weight changes
are indicated in Tabl: 7.3, The SPF s energy intake in
the sccond test was approximately 2520 kjoules
higher than during the first test. The greater weight
loss sustained in the second test indicated that the
aceuracy of the estimate of the SPT s energy require-
ment could not be further reflined in this brief testing

period.

The menus were designed according to six-day
cycles cach day of which contained the required
intake levels of nitrogen, caleium, phosphorus,

Table 7-1
Fnergy Intake of Five-Day Food Compatibility Test (Kilojoules)

Crewman Day 1 Day 2 Day 3 Day 4 Day 5 Mean
CDR 10311 11075 12201 14162 12327 12012
SPT 10303 13137 12444 11138 11642 11718
PLT 12554 12495 13582 14784 12096 13104




74 SKYLAB MEDICAL EXPERIMENTS ALTITUDE TEST

magnesium, potassium, and sodium. These core
menus were provided to the crew with the admoni-
tion to consume them completely, or, if unable to do
0, to report the weighed mass of the leftovers, The
crew was permitted ad libitum quantities of certain
other lood items which were designed to contribute
up to 1,260 kjoules while not augmenting the intake
of any controllable element beyond tolerances. These
items (apple drink, hard lemon candy, plain white
mints, and NIH butter cookies) were almost enirely
carbohydrate and fat. Energy intakes were, therefore,

free to vary a- a function of appetite and the energy
demands of varying daily rates of energy expenditure,
In practice, the variance was limited by the accept-
ability of these elective energy items.

A system of negative reporting was employed
such that the crew related at the end of cach day any
deviations from the nominal menu.

The prescribed intakes of the various components

of the diet, as determined by actual analysix of cach
food item, are shown in Table 7-4.

Table 7--2
Weight Changes on Five-Day Food Compatibility Test
(Kilograms)
Crewman Initial Final Weight Change
CDR . 78.8 77.4 —-1.4
SPT 93.7 92.4 ~-1.3
PLT B6.5 86.7 +0.2
Table 7-3
Weight Changes on Six-Day Food Compatibility Test
(Kilograms)
Crewman initial Final Change
CDR 779 77.9 0
SPT 95.1 93.3 -1.8
PLT 89.2 B89.2 4]
Table 7—4
intakes of Dict Components
Nutrient CDR SPT PLT
Energy (Kjoules) 12190 13840 13000
Protein {g) 10310 10510 106 £ 10
Calcium {mg) 850 t16 850 t16 850 £ 16
Phosphorus {mg) 1700 £ 120 1700 £120 1700 120
Sodium {(mg) 4000 1500 4000 500 4000 1500
Magnesium {mg} 350125 345125 326 125
Potassium {mg! 3800 £ 200 4000 * 200 4000 * 200
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Complete ingestion ol the prepared menus was

well achieved. A sample menu is shown in Table 725,

Table 7 5

Sample Menu

Meal Food ltem

Chocolate instant breakfast
Applesauce

Orange drink

Coffee

Breakfast

Lunch Pea soup
Chicken and rice
Biscuit

Grape drink

Dinner Filet mignon
Mashed potatoes
Asparagus
Lemon pudding
Vanilla wafers
Grape drink

Tea with sugar and lemon

Mints

Peanuts

Coffee

Tea with lemon and sugar

Snacks

intakes  of
and

maintain controlled
phosphorus, magnesium,
yolassium in conjunclion with possible deviations
I I

In order to
calcium, sodium,
from the nominal menu, the crewmembers were also
supplied with a seriex of mineral supplements by
which the intake of each of these elements could be
adjusted independently of the others. The mineral
supplements are listed in Table 7-6.

Table 7.6

Composition of Mineral Supplements

Supplement Controliable Element

Calcium lactate 32 mg Calcium
Orthophosphate

Magnesium lactate

110 mg Phasphorus
25 mg Magnesium

197 mg Sodium

195 mg Potassium

Sodium chloride

Potassium gluconate

- EXPERIMENT MOTI

“1

A computer program was designed to caleulate
mineral deficits from information transmitted by the
erew. The quantity of mineral supplements equivalent
to the deficit was calealated and ransmitted back to
the crew for consumption the following morning.

The menus utilized pre- and post-SMEAT were
ahmost identical to the im-chamber menus but n-

cluded some substituted fresh (oods.

Fluid Intake

Fluid intake was ad libitum. The guantities in-
gested during all phases of the experiment were
recorded. The majority of fluid intake was oblained
with the diet. In-chamber fluid imtakes were measured
from the water dispensing devices ty pical of those
used onboard spacecraft. The fluid intake measired
in the ahsence of data on insensible losses was not
considered 10 be sulficiently precise to caleulate tlaid
balance data.

Water employed was of the type to be used on
Skylab: it was virtually free of controllable clements
and contained a biocide consisting of 6 ppn iodine.

Urine Collections

During the prechamber and postchamber prhases,
collection facilitiex were established in the astronauts’
office building, their homes, and in the Crew Recep-
tion Arca of the Lunar Receiving Laboratory . Indi-
vidual refrigerators were strategically located with
labeled containers. In-chamber
complished by utilizing specially designed urine col-

collection was ac-
lection systems, one of which, for the SPT, resembled
that which was then planned for use inflight.

In spite of best efforts to design a satisfactory
system for collection of in-chamber urine, significant
and frequent leakages occurred from the Skylab
Urine Collection System.

The leakages were not only detrimental to the
metabolic study but a source of chronic incon-
venicnce to the crewmember employing the device.
Approximately cight percent of the 312 individual
specimens and 24-hour pooled urinalyses were dis-
carded because of collection difficulties. The 24-hour
urine pool was usually maintained at a temperature
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helow 10°C and the temperature of this pool did not
exeeed 10C Tor more than an aceumulated period of
three hours during any 2 hhour period. \ter
24 hours, all urine samples were Trazen at 209,

Stool Collections

Carmine Red and DS Blue were given orally to
the subjects Tor a separation ol stool periods
(Lutwak ctal., 1909). Lnlortunately | at the dosage
utilized. no changes in stool colors were apparent.
Poly ethy bene gy coll 1300 mg/man/day - was utilized
as a nonabsorbable Tecal recovery standard. Complete

fecal collection was achieved.

Sweal Collections

No attempt was made o colleetor measure sweat
or matenals exereted through the shin. ~inee it had
been shown (Gitehnan & Lutwak, 1963) that Josses
of calcivm via this route under nonsweating condi-
tions are less than 20 mg per day . During the actoal
>lud_\. however, exercise wis 1more vigorous than
anticipated and, therefore, material loss greater than
tiis amount may well have ocenrred.

Biood Sampling

Blood samples were tahen tive times pnor (o
chamber entey o days 181, 1820 188, 195, and 207
cight times in the chamber, days 2090 200220, 227,
235, 20E 255, and 2020 and our times following
coress from the chamber. dayv= 2010 205, 208, and
2790 One-halt o miliber of - plasima wtilizing
Lithium-EDTA as the anticoagulant wax employed
for this study. Chamber ingress was day 207 and
caress was day 2030 On diy = 2200 235 and 255, an
additional 15 mb ol Mood wa- drawn for mero-

hiological samphing.

Results

The CDR's average energy intakes prechamber,
in-chamber, and postchamber were 12,1406, 12,188,
and 12,155 kjoules, respectively. Variations in encrgy
mtahe were due 1o the shightly different energy
content of cach day of the sixv-day menu evele, Other
variation is due to the consumption of additional
“elective energy T items or to the omission of a
planned tood item,

The CINUs weight trended Sightly  downward
during the chamber occupaney, but apparently not
during the pre-and postchamber phases. Daily weight
variaion, however i~ considerable, and it s not
possible to deduce significant differences between the
rate ol lo= i the chamber and outside it The total
abrolute weight foss was about two kg, indicating an
eneray delicit ol approvimately 680 Kjoules per day
il the change in body anass imvolved adipose tissue
alone. Tt should be noted, however, that during this
period, the CDR total body watee (MOT3 report)
Fell from 159 iters 1o 0 liters and his mass from
T1.09 '\g 1o 7033 k;_'. There was, therefore, a loss of
1.36 ke ol mass and 1.8 ke of water, The dilference
between these numbers is romparable 1o the expeeted
variation of the total body water measurenents, and
1o net fossin body 1at can be deduced.

The SPTs average energy intabhe was 11399,
PEBI3. and 15,703 Kjoules during the pre-in-,and
postehambier phases. respectively . The variation about
the mean ol approximately 21,680 hjoules per day
was much greater than {or the other astronauts, The
periodic variation of the SPT s encrgy intahe due to
menu eling was obliterated by the large variance
due to the intake of elective energy items, [t should
be noted that the SPT was advised to increase his
caloric mitahe: however, despite this nerease,
subject’s weight doss continued. The SIS weight
loss appeared 1o continue relentlessly for 90 day~
with no noticeable changes in dope until the final
week when the I was directed In the SMEAT
Surgeon to withdraw  from  the constant dietan
control. Durine thi~ week, weight loss appeared to
cease at an enermy intake  of approximately
16,715 Kjorles per day. This encrgy intake was the
result of ad Bhitum Teeding by this eressmemberand
was approvinateh 2100 Kjoules above the average
in-chamber and prechamber levels,

The 8P custained a total weight loss of approxi-
mateh seven kg from F-28 (0 R4 100t assumed
that the weight loss consisted almost exclusively ol
fut and if that fat tissue s considered to be
approximateh  ten pereent water, then the energy
equivalent of the mass lost s 31020 kjoules per
kilograni. This would amount o a total energy deficit
of 238,140 Kjoules over the experimental period or
approximatel 2520 hjoules per day .
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During the period from F-15 to R40O, the SPTS
total body  water (MOT3 reporty  changed  from
393 liters to 57.5 liters. During this same period,
mass changed from 93.13 kg to 88.0 hy. There was a
loss, therelore, of L8 liters of water and 6.93 kg of
mass. The loss of fal tissue ay be assamed by
difference to have been 3.0 kg This represents an
energy  deficit of 192,780 kjoules,
37800 kjoules per kg, This, therefore, represents a
deticit of 2,713 hjoules/day over the 71-day period
encompassed by the total body water measurement.
A\~ will be shown later, the mass loss was almost

assuinimnge

exelusively water and fat sinee no signibicant negative
nitrogen halance was apparent. Incidentally . there

was no diminution of bone mineral mass.

The subject found the menus, in general, to be
unattractive, and the elective energy items to be

unpalatable in large quantities,

The average energy intakes of the PLT pre-,in-
13,453, 13,028, and
respeetively, and  no significant

and  postchamber  were
13.001 kjoules,

changes i weight were encountered,

The PLTs eyelie variation in caloric intake is
castly discernible, mdicating close adherence 1o the
experimental dictary regimen. The daily weight of the
PLT vaned considerably  but did wot appear
undergo any net change.

Total body water measurements {or the PLT
during this period fell from 52.2 liters to 51.7 liters,
indicating a net loss of (L3 liters. No change in body
weight was discemible in this crewmember over this

period.

The average energy intake of the crewmenibers in
the chamber did nol appear to differ significantly
from the prechamber energy intake. In general, the
crew reported the food to be more acceptable in the
chamber than during the pre- and posttest periods
despite the presence during these periods of addi-
tional fresh food items.

Measurements ol whole body volume by stere-
ophotogrammetry  (Peterson et al.. 1971, showed
that deereases in hodv volume had oceurred. The

FEXPERIMENT MO7I e

precision ol this procedure. however, s not sul-
liciently great that quantitative estimates of body fat

loss can be made Trom these mcasurcments,

Crealinine

Average creatinine excrelions for the CDRSPT,
and PLT were approximately 2,250, 2300, and
20000 mg/24 hours, respectively . Atthough the varia-
ton in daily  exeretion rates ol creatinine was
considerable, no change in the rale as a result of

('llill"l)!'r ('\li().\l"‘(' Wik~ uppar(-nl.

Nitrogen
There didd nolappear to be any change in nitrogen
balanve resulting from  exposure to the chamber

cnvironment.

Potassium

The mean inlakes and outputs for potassium are
fisted i Tabl: 7.7, The
persistently positive and do not significantly change

potassivm  balances  are

during the period ol chamber exposure.

Table 7--7

Potasstum Balance meqg/Day

Crewmember | Prechamber | In-Chamber Postchamber
intake
CDR 100.20 99.04 99 .61
SPT 102.43 103.86 118.77
PLT 10110 101.63 101 .62
Urine
CDR 7296 80.70 73.50
SPT 70.89 74.77 64.88
PLY 74.07 78.39 74.72
Fecal
CDR 5.84 7.66 6.95
SPT 564 10.83 11.80
PLT 7.86 9.28 7.34

[t is germane lo note that within the sensitivity
of these measurements there is no evidence for an
increased nitrogen or potassium loss or diminished
retention of these elements during any experimental
phase by any crewmember,
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Calcium

Analysis of calcium balance suggests a - slightly
diminished tendeney Lo retain caleium during the
period ol chamber exposure. This tendency was not
supported by the gamma ray photon absorptiometric
measurements of bone mineral mass which showed
that no losses oceurred as a result of chamber
exposure. This latter resull is not surprising in view of
the well-known gains in sensitivity which are usually
realized by using metabolic balance studies rather
than other techniques in studving calcium metab-

olism.

The persistent positive balances which are evident
may be partially due to an aceretion of calcium
caused by relatively high caleium intakes compared to
the crew’s normal dict. This positivity becomes less
pronounced as the study progressed.

Phosphorus

Analysis of phosphorus balance demonstrated a
slightly lowered capacity to relain phosphorus in-
chamber. (o all three crewmembers, periods of
negative phosphorus balance were encountered. These
changes appear 1o be a result ol both increased
urinary and increased fecal exerction rates. Dif-
ferences i phoxphorus balanee ot 75 g per day or
more are generally regarded as significant,

Magnesium

Magnesium balanee appeared not to he affectrd
by the chamber exposure. Mean changes of 50 mg are
regarded as significant.

Sodium

A diminished tendeney to retain =odium while in
the chamber was exhibited by both PLT and CDR,
but not by the SP'T.

Polyethylene Glycol

Polyethylene glycol in 300-mg capsules was fed to
cach crewmember three times/day throughout the
study. Occasional reports of missed capsules, together
with analysis of the fecal material for polyethylene
glycol, indicated that less than 1,500/mg/man/day
had actually been ingested. Polyethylene glycol is not
absorbed from the gastrointestinal tract and, there-
fore, should be recovered quantitatively in the feces.

Analysis of feces for polycthylene glycol indicated
that insufficiently constant quantities of this material
were ingested 10 permit its use as an internal marker
in these studies,

The analytical procedure used for the determina-
tion of polyethylene glycol in feces is adapted from
the turbidimetric method of Malawer and Powell.
Thiz method is based on the development of an
oil-in- vater emulsion of polyethylene glycol when
exposed to trichloroacetic acid in the presence of
barium ions. The emulsion is stabilized by the
addition of acacia as an emulsifying agent.

One gram samples of freeze-dried feces are re-
hydrated with nine ml of water and centrifuged. One
milliliter aliquots of the supernatant are uscd for the
preparation of a modificd Somogui filtrate which is
subjected to anahvsis by addition of acacia and
trichloroacetic acid containing barium chloride.

The authors found the response of the method to
be linear, stable, and reproducible within the range of
300 to 1000 my/ 100 ml.

The method was evaluated in metabolic balance
studies by Wilkinson (1971). Recovery studies of
polycthylene glycol added to feces yielded a mcan
recovery ol 99.60 percent for the standard deviation
ol 1.612. Reeovery of polyethylene glycol from six
patients was made vielding a mean recovery of
9B.03 pereent  with
10015 pereent. Five days after discontinuing admin-
istration. all the polyethylene glycol was completely
recovered. Recovery studies were conducted by Lock-
recovery

deviations were  obtained. Recovery

a range of Y53.5 percent to

wood, and similar prreentages and
studies  per-
formed by our laboratory vielded a mean of 103.56

with a standard deviation of 7.47.

Water Balance
No differences are apparent in the ability of the
body to retain water as a result of chamber exposure.

Overall Metabolic Balance

Average et balance of calcium, magnesium,
sodium, potassium, phosphorus, and nitrogen for the
three erewmembers is shown in Tables 7-8,7-9. and
7-10.
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Table 7 -8
CDR Metabolic Balance Data
PHASE CA, mg MG, mg NA, mcg '\, meg P, mg N.g
PRE I S
DIET 846.5 3518 187 100.8 1697 16.2
URINE 2311 106.5% 1301 72.4 1074 13.4
FECES 450.2 162.8 2.4 6.8 320 1.0
BALANCE 165.2 82.4 53.6 21.6 303 1.8
INFLIGHT
DIET 8541 342.7 187.4 99.1 1726 16.2
URINE 262.8 108.1 150.1 80.0 1216 13.3
FECES 453.3 164.9 31 7.4 374 0.9
BALANCE 138.0 69.7 34.2 1.7 136 2.0
POST
DIET 842.3 3420 184.3 99.6 1696 161
URINE 207.3 98.8 126.2 73.5 1041 14.5
FECES 4950 168.7 2.9 7.4 367 1.4
BALANCE 140.0 74.5 55.2 18.7 288 0.2
Table 7--9
SPT Metabolic Balance Data
PHASE CA MC NA K P N
PRE
DIET 8571 318.3 1764 1028 1740 167
URINE 113.5 96.2 147.5 76.7 1203 151
FECES 442.2 142.¢% 4.4 6.3 384 0.9
BALANCE 301.4 79.3 245 19.8 153 0.7
INFLIGHT
DIET 851.6 309.7 175.7 103.9 1736 16.5
URINE ne.7z 95.9 128.7 74.9 1225 14.6
FECES 620.0 161.2 9.3 10.7 574 1.1
BALANCE 1149 S2.6 37.7 13.3 -63 0.8
POST
DiET 930.4 354.7 179.2 120.2 1913 19.0
URINE 96.2 759 101.4 65.8 943 141
FECES 793.4 21.2 6.4 12.5 626 1.7
BALANCE 40.8 67.0 71.4 41.9 344 3.2
Serum Chemistries Discussion

No changes in serum
chamber exposure.

chemistry resulted from

The: principal goal of this study was to measure

changes, if any, that may have been produced by
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Table 7- 10
PLT Metabolic Balance Data

PHASE CA MG NA K P N
PRE
DIET 843.4 341.8 1884 1014 1684 166
URINE n7z.5 98.3 1469 746 1057 154
FECES 630.6 162.6 3.7 8.0 417 1.3
BALANCE 95.3 80.9 37.8 18.8 210 -0}
INFLIGHT
DIET 851.6 3403 1903 1016 1722 16.9
URINE 129.] 104.3 1635 784 1046 135
FECES 576.6 164.9 5.0 9.2 539 1.2
BALANCE 145.9 711 21.8 14.0 137 2.2
T
POS DIET 844.3 328.8 187.2 1016 1723 16.5
URINE 88.7 97.9 152.6 74.7 1052 126
FECES 732.8 155.3 2.4 7.8 493 1.4

BALANCE 22.8

exposure to Skylab atmosphere conditions. Signifi-
cant information, however, was also obtained on the
energy demands of simulated Skylab activity and
upon the ability of the Skylab diets to meet these
demands.

Man’s energy requirements in space flights contin-
ue to elude precise definition. Numerous studies have
been made in space which convey bioenergetic
information of one kind or another. Long periods of
pulse rate data have been recorded from each flight.
Average rates of oxygen consumption and carbon
dioxide production have been obtained. Food con-
sumption has been logged and a metabolic balance
study has been performed in one instance (Gemini 7).
Weight changes are well quantilated and several
estimates of heat production have been made. Unlor-
tunately, the precision associated with many of these
measurements is poor, and the variation greater than
the differences which are expected to exist between
the cost of metabolic activity in space and on the

ground.

Despite these difficulties, however, it is essential
that precise estimates of the metabolic cost of space
activities be made and that any energy deficits
oceurring in space be recognized and quantitated. It is
only in this way that an adequate understanding can
be gained of the etiology of changes in body

65.6 32.2 19.1 178 2.5

composition observed in astronauts returning from
variable lengths of exposure to weightless conditions.

During SMEAT significant weight losses were
observed in the SPT while no significant weight

changes occurred in the other two astronauts.

It is widely recognized that rapid fluctuations in
body weight do occur in normal men with no
apparent relations to changes in energy status. Fiven
though these fluctuations are short term, they intro-
duce considerable variability into metabolic expen-
ments. Durnin observed  day-to-day changes in a
group of 44 men living under highly controlled
conditions of as imuch as one kilogram.

Elkington and Danowski (1965) measured body
weights of a man on 53 oul of 56 days and found a
standard  deviation of H)389 kg equivalent to
#).51 percent of his weight,

Most of the short term fluctuations of body
weight should be attributed to changes in the water
content of the body, and this must be kept in mind
when attempting to compare losses in total body
watcr with losses in body weight.

Weight loss resulting from negative energy balance
is generally regarded as giving rise to a reduction of
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the fat content of the bhody. Depot fat is the
predominant storchouse of energy and represents the
material preferentially used to compensate for the
energy  deficit due 1o inadequate energy intahe.
However, hypocaloric dicts are also characterized by
losses in lean body mass and tolal body water during

the first len 1o Tourteen days.

The energy requirements of the SMEAT astro-
nauts were predicted on the basis of previously
referenced formulae published by the National Re-
search Council. 11 is recognized that these require-
ments may vary considerably for any individual. The
degree of physical activity is the important variable,
and, at the same time, the most difficult one to assess
in advance. It is also expected, but unproven, that
there may be considerable variations in activities
between individuals because of differences in individ-
ual hiochemical efficiency . The loss of body weight in
the SPT, in contrast to the lack of change in the
others, was probably due to the fact that the
investigators failed to appreciate this crewmember's
propensity for vigorous physical exercise.

The SMEAT diets were very high in carbohydrate
and elective encrgy was presented in carbohydrate
form. This source of energy is considered to be highly
suitable under the experimental conditions.

Consolazio et al. (1962) reviewed the role of
carbohydrate in nutrition and pointed out that
carbohydrate appears 10 he the preferred encrgy
source for the working muscle, although it can be
replaced by fat during starvation periods or during
carbohydrate deficient intakes. The ratio of carbohy-
drate to {at utilized in the production of energy for
the working muscle rises with an increase in work
intensity or an increase in dietary carbohydrate.
Muscle glycogen stores can be altered by changes in
the diet and an increase in glycogen stores increases
endurance during strenuous physical activity. Carbo-
hydrales have been found to be four to five percent
more efficient than fat as an energy source for the
working muscles.

An increased protein intake for athletes has been
a popular concept of trainers and coaches, but
scientific evidence indicates  that protein is not

T-11

consumed by the working muoscles. An athlete
training will usually consume a greater quantity of
food to remain in body weight equilibrium, which
will result in an increase in protein intake during this
period. Aninerease in protein may be required during
periods of combined body weight reduction, phy sical
conditioning, and growth. A very modest amount of
protein is obviously required for the maintenance of
hody muscle protein stores, but the udea that high
protein intakes provide any benefit to muscle metah-
olism or function is known to mu~cle physiologists as

a misconceplion.

Variations in urinary creatinine output are consid-
ered to be a combination of physiological changes,
collection errors, and laboratory errors. A number of
collection errors were recognized  and  procedures
modificd to preclude their occurrence in future use.
The existence of abnormally high or low creatinine
values was noted on several occasions and  was
ascribed o laboratory error. It should be noted that
creatinine was measured by the autoanalyzer proce-
dure for blood. Urinary creatinine determinations
require modification of this procedure because of the
variations in the pll of different urine specimens. No
provision has yet been made for this. This may.
account in part for discrepancies observed i urinary
creatinine excretion,

The magnitude of reported daily dermal caleium
losses has varied considerably. [t has  been as low as
I5 £10mg in old patients (Gitelman et al., 1903).
and as high as 0.8 to 2.0 gm in men at hard labor in
the desert. (Consolazio et al.. 1962). Schwarlz ot al.
(1965) estimated dermal calcium losses to be about
100 mg/day. lsaksson et al. (1967), in studies with
thirtcen patients, showed dermal  calcium
varying between 20 and 365 my/day .

IUSS(' 8

During discussion of the GT7 {light. in relation to
the very modest losses of calcium, lLutwak and
Whedon raised the possibility that diminished atmo-
spheric pressure, among certain other factors. might
have been “protective.” Although the atmosphere in
GT7 and SMEAT-Skylab differed in gax concentra-
tions, they were the same in atmospheric pressure.
Thus, it appears from this study that diminished
atmospheric pressure has no appreciable effect, or at
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least no protective effect, on calcium metabolism.
The absence of changes in calcium metabolism in this
study indicates that a stable bascline obscrvation has
been made for Skylab as far ax the effects of
atmosphere or calcium metabolism are coneerned.
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CHAPTER 8

SPECIMEN MASS MEASUREMENT

William Thornton, M.D.

Lyndon B. Johnson Space Center

Jack Ord, Col., USAF

USAF Hospital, Clark Air Force Base

Mass determination forms one of the corner-
stones of engineering and scientific operations. The
only devices previously available for such determi-
nation were gravimetric; hence, unusable in space
flight to date. Skylab will, for the first Lime,
attempt to make mass measurcments in space with
experiments M074/172. These experiments will use
spring/mass oscillators for both investigation of the
device’s performance as well as routine measurc-
ments for food residue, waste, and human mass.
They form an integral portion of several other
major experiments and, as such, are essential to
their success.

The SMMD (specimen mass measurement de-
vice) was selected for inclusion in SMEAT to
investigate  its conditions
realistic of Skylab. Stated objectives were:

performance  under

I. Demonstrate mass measurement of the mass
measuring device during the SMEAT cham-
ber test.

2

Perform periodic calibrations of the mass
measurement device during the SMEAT test
to ascertain long term stability and
repeatability.

Although not a stated objective, this test was
used to develop and validate operational SMMD

8-1

procedures. Al Skylab conditions except weight-
lessness were present, and this was partially simu-
lated by placing the device in a plane such that
gravity effects on the instrument’s operation were
virtually negated.

Installation and operation followed
those planned for Skylab. Calibrations were per-
formed more frequently, and several modes of

closely

tesidue and fecal measurement were tried o allow
selection of the most suitable for Skylab opera-
tion.

This is a report of the methods used, results
obtained, and their implications for Skylab. Al
though not strictly a part of this investigation, a
number of factors affecting the overall accuracy of
measurement of food and fecal samples were in-
vestigated  and  are the
section,

presented discussion

Valuable assistance in data reduction was given
by Ronald R. Lanier of the Flight Control Divi-
sion, NASA, Johnson Space Center.

Description of Apparatus

Skylab mass
mechanical (rectilinear) spring/mass oscillator in

measuring  devices all usc a
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which the period ol oscillation i= a function ol the
mass coupled into the system. After calibration
with a series of known masses, sample masses may
be calculated (rom the period of oseitlation pro-

duced.

Figure 8-1 is a schematic of such an oscillator.
If the masses are displaced a small distance X
from rest position X and released, it will undergo
undamped sinusoidal oscillation whose period (T)
is measured by a timer. This perod is given by
the equation while the mass (M) may be caleu-
lated from:

M= A+ BT ()

.where constants A and B arc most easily
determined from calibration of the system  with

known masses.

2% Mx 2K
M
-X €———> %

v

TX“ T3]0 ]e
My Specimen Mass S
Mo  Tare Muss
K Spr.ra Conctam

Xo  Position of res:
Xo Maximum D <placerenr
1 Perid of Oscitlatioe

Figure 8-1. A simple spring/mass oscillator
and its equation of motion.

Such an oscillating system is approximated by the

SMMD design. A flexure pivot or plate Tulcra made of

spring material both supports and constrains the mass
to approximately translational maotion as well as
provides restoring force when displaced. Timing to

10 7 seconds is aceomplished by a erystal controlled
digital  tumer with a six place  readout.  An
clectrooptical transducer sends a signal to the deviee's
logic circuit each time the tray crosses the midpoint
in its oscillating eyele. After two cycles have been
completed to allow transients to decay, the total
elapsed time for the next tiree cycles in tens of
microseconds appears on the device's digital display .

The dizplacement and release of the mas- s
controlled by a single spring-loaded control lever
which normally lochs the mechanical oscillator and
on manual rotation displaces and releases the tray and
specimen mass 1o oscillate. A reset button on the
electronic package sets the time 1o zero. Since these
SMMD's were not designed with a zero temperature
coefficient, temperature  was to be internally
measured. The clectronics unit has a switch-selected
measurement function with a sensor in its base for
this purpose. A large flat tray with an clastomeric
cover sheet is used to couple specimens into the
oscillator system. The complete SMMD includes a
series of solid calibration masses,

Operation consisted of turning the device s power
on, resetting the clectronies readout to zero, placing
the specimen to be measured on the tray under the
clastic sheet, and rotating and holding the operating
lever until the counting cycle is complete. This
reading  was  manually recorded  for  verbal
transmission during a schedule report.

The SMMD was mounted on a replica of a st of
Skylab wardroom cabinets vertically oriented in the
SMEAT chamber head (Figure 8-2). Actual mount-
ing in the cabinet consisted  of supporting  the
SMMD base plate on the ends of vertical vernier bolts
at Tour comers Tor leveling. These bolts fitted recesses
in the plate, and contact was maintained by the large
weight of mounting plate and SMMD. Neither cabinet
nor mountings were as rigid as Skylab. A potential
crror source was the large amount of low frequency
vibration in chamber structure generated by the
environmental control svstem blower. This could be
expected to inerease the random crrors. There was
virtually no air flow or other potential error sources
in the SMMD arca.
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Figure 8-2. Specimen ix weighed in the SNIMID).

Al weights other than the calibration masses were
determined  with  an ordinary  laborators
platform/wam balance scale (NASATOO837) placed
in a cabinet immediately above the SMMIDL The
SVIVD used in this test was a DVTU (development
test unit), part 2837-002-01, Serial DH-LD U wa-
easentially identical to flight hardware.

Data Collection

Since the deviee i a comparative rather than an
absolute unit, calibration i~ required at least onee
every  ten davs both for operation ax well as
evaluation ol the instrument. Brieth | calibration of
the SMMD in the SMEAT
(1) Verifying level by visual inspection of the bubble
level, (2) Oblaining a starting temperature reading
from the SMMD  and
(3} Inserting the proper mass i the center ol the
specimen trav: () Zeromg the electronic timer:
and (5) Releasing the tray 1o oscillate.

chamber consisted of:

independent sensors:

This procedure was repeated  five times for

each unles~ nnusual crew  aceeleration  or

other activity produced a period readout of more
2(0) (20 counts)

Hid=~

than microseconds difterence

EXPERIMENT MOT 4 8-

from e average ol the Tive readines obtaimed. tn
thi~ event, the mcasurement wis .~in||||_\ r-‘|wal--d4
Cahbration LMy, 150, 250,
300, KO and 500 0in, the ranze ol masses capable

the SANVD wt

maxitmm of 1000 g al Oy .

Nitases were: O 56,

of beiny measured In | o versns a

AC the begimning of the teste it had lween
planed o use the inderval temperatuee measore-
ment, but it inaceuracies prevented thiss and
variely ol work-around= were tried | including use
ol the air probe sensors and digtal thermometee
from M7 and wsing air temperatuee measuared by
the  environmental  control svstem Temperatures
tuken

close 1o spring supports as possible. These data are

from these devices werre from =tractore uas
presented and discussed sobeegquently i this e
port. Since chamber temperature was constant and
there  were no o signilicant heat sources i the
assoctated stracture, ambient chamber temperature

pru\l'cl to he the most prul'lil'ul.

it was originally intended to measure all food
restdine and feces, but no resdue was ever avail-
only  {ecal megsurements  were

able, and it~

made. Several (ood  residues were simalated . A

variety ol methods of Tolding o manmipulating
fecal bags was tried during the test. Although this
ha~ no effect on errors shown, which is gross mass
of hag and contents, large crrors in fecal masses
can result from oncontrolled variations i pack-
aging technigques, Several food residue measurement
technigques were abso tried. Sinee fecal mass mea-
surement i interrelated  with  collection,  the
methods and  probable errors given are discossed

later.

it had been planned 0 pass the calibration
and samuple period data from the chamber verbally
and have all calibration curve generation and mass
conversion performed externally . Rough in-chamber
conversions  were to be made graphically. Gravi-
metnic mas~  deteeminations of all samples were
made in-chamber and also verbally  passed out as
were the actnal samples which were then 1o be
repeasured  with high resolntion balances and  dif-
ferences checked, Just prior o entrva tiny digital
computer (HP-35) became available and made mass
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conversions using externally generated  curve coel-

ficients  a  simple  enough sk 1o be  done

in-chamber,

Data Reduction
Analysis
Ultimate  perlosmance ol the SMMD s simply
Judged by how closely it determines the mass of
any unknown sample as compared to the sample’s
true mass. This difference is designated AM. (Equa-
tion | s an approximation adequate Tor operation-

al incusurenents.)

L

Mass A+ BT hH

A and B are cocfficients determined by calibration
with known solid masses using the regression equa-
tions b and b

For examination of ultimate perforimance, 2
srivs of equations of higher orders are generated
to fit the calibration points more closehy. They are
of the form:

Mass A BT orZaptd N )
Errors in mass M are related 0 period errors by:
AM 2A7 (3)

M T

where: T s time of period(s). & is error or
vanation in this time.

Errors. &F (hence AM). may  be

from several aspects. and the ones examined here

considered

are delined as:

Resolution is variation in recorded periods with
a given sample in place and with repeated opera-
tions of the scale. This value determines the
ultimate  SMMD performance which may be ex-
pected and is a function of all short term errors
in the unit such as zero crossing resolution as well
as  externally induced  disturbances  such  as

vibration.

Repeatability i determined by removing a
mass, replacing it on the tray, and repeating the

measurement immediately.

Drift is error over a longer period of time and
is determined by measurements of the same mass
separated by days or weeks of time.

Although omitted in the above discussion, tem-
perature & assumed to be constant in the pre-
vious measurements. These devices were fabricated
with appreciable  temperature coefficients, so this
error source must also be considered.

Since the primary objectives of MO74 are eval-
uation of it performance as a nongravimelric mass
measurement device, MMD (Mass Measurement De-
vice) error source analysis is crucial. Fxpected
sources include:

1. External vibrations which have components
close enough to the natural frequency of
oscillation to cause an error in period.
Since the SVMD  oscillation amplitude has
been kept small, very low levels of external
oscillation may cause appreciable  period

disturbances.

2. Any  noungidity, ie., “stosh,” cither in
specimen mass or in coupling the specimen
to the tray may result in secondary oscil-
fation= which, if the frequency is near the

fundamental  frequency, will cause erron.™

Thix i~ the major limitation in the utility
ol this type of mass measurement.

3. Amy lack of rigidity in either the mounting
or supporting structure of the deviee can
produce cither coupled compliances or re-
sistances which may alter oscillation period.

4. Any mechanical or other disturbance to the
tray such as air streams or mechanical
interference are fairly obvious error sources,

<1

In g use, the plane of oscillation must be
normal to gravity, or a pendulum effect
with shifts in period will otherwise occur;
henee, the need for careful leveling.

6. “lmternal™ crrors determine ultimate accur-

acy  available  and  include  errors  of
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spring/plate fulera (which cannot be wepar.
ated from overall mechanical design) such
as spring rate drift, hysteresis, ereep, and
temperature effects,

Accuracy of the counting cireuit and the
the
determine ultimate resolution and acecuracy.

resolution  of zero-crossing  detector
Not so obvious an error source is the “tare
mass" of mass of the specimen tray and
associated  structure.  Overall  accuracy s
limited by tarc mass as follows. The maxi-
mum SMMD resolution available is &N, a
fixed value of M, (tare mass).

mterest is the frae-

relatively
However, the error of
tion of specimen mass M, or AM/M, ¢ thus,
when M, s small when compared to M,
(lare mass), appreciable errors can result as
in the case of measurement of small (ood

residues,

8-5

9. Second  and  third  order  errors  include

buoyaney generated i gravimetric mass de-
termination and a virtual mass of air which

moves with an object at low velocities

Data follows. Cahbration

masses were accurate 1o five significant places and

were  analyzed  as
thus assumed to have neglizible ervor and became
standards. Al other sample masses were deter-
mined from the gravimetric balance which was in
tarn compared 1o the calibration masses as shown
in Table 8-1. Weighed sample masses were correct-
rd 1o the calibration masses. The gravimetrie scale
was obviously sensitive to the location of weights
on the pan. This was its largest error source and
could casily be gm or without
careful centering of small objects. Resolution of
05 gm this
0.1 gm would be a more conservative figure. Dis-

one-third more

was  possihle  with scale,  although

Table 81

Indicated Weights From Gravimetric Balanc«'l vs. Calibration Masses

Calibration Mass Scale Reading

Grams Grams
0.0 0.00
50.C0 50.0k
101,00 100.03
150.00 150.3
250.00 250. 28
300.00 300.50
400,00 uo0. 58
500.20 5C0.62
100.00 100. 05,
120.00 100.063
100.00 100.33,
109,00 100.10
90.00S 30.0¢
95.005 35.08
1 - NASA Scale #700837
2 - X 10 Scale
3 - X1 Scale

Date Difference
J.D. %
179 0.0
179 8. x 1077
179 3. x 107
179 > x 107*
179 1.12x 107
179 1.66x 1071
179 1.45x 10
179 1.0kx 107°
203 5. x 10 ¢
203 6. x 1077
203 3.5 x 107F
200 1 x 107}
222 g.0x 10°°
222 8.4 x 1072
bk - = 6 cm. Off Center

5 - laboratory Standard Masses
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crepancies between the standard and  measured
weehits amounted to some one- o two-tenths of a
pereent at masses above T e and shightly dess
than that at lower maasses,

The first five readings were always recorded to
allow study of maximum period variation, 1f drift
or some overl instability were present, a sequence
wonld he repeated as necessary

Straightline calibration cune coeflicients were

calculated from:

ZXY - NIy
a. R “ b. A Y AN (4) adb
PRCIENS AN

T (period )2

X

\ average X
Y - omass

b average Y

A compuler programn was wsed to generale g
curve to caleulate empirically a series of equations
of the Torm shown in Lguation 2 up to the fifth
order. Fach cune was then used o caleulate
masses  at ecach  calibration  point. Best it was

slected by comparing cateulated 10 actual values.

Determination of and subsequent compensation
for temperature was a problens. Table 8-2 shows a
serics of indicated  temperature readings by the
SMMD vepsus  either measured  temperatures on
structire near the springs felt 1o be in equilibrium
with them. or el ambient temperature 3f it had
been stable for several davs. The first temperature
on a given day was taken smmediately after the
SMMD power had  been turned  on  while  the
second was just prior to power being tumed off,

Until day 210, the SMMD temperature seems to
bear a relatively constant, though erroneous, rela-
tionship to that which actually existed, but after
that there was little relation between the two. A
sccond problem with the SMMD internal thermo-
meter is that the electronics™ heat induces errors
after a short period of usage.

Calibrations were first made with and without
temperature  correclions. Such  corrections  were
based on indicated temperatures and a temperature
coefficient supplicd by the fabricator and appar-
ently derived using the SMMD internal temperature
measurement, and, a~ such, produced errors. The
temperature was measured independently at each

calibration and Jdata were not “corrected” to some
standard temperature but rather the apparent dif-
ferences in mass were used 1o generate an accurate
temperature coeflicient. This latter  figure s of
interest i defining temperature coefficients but is
not required to meret operational sample measure.
ments. Measurements shown here are not tempera-
ture corrected.

Table 8-3 i~ a tabulation of several aspects of
all calibrations and includes the average ol all
periods at zero mass both at the beginning and
end (O and 0v) of the calibration period. of the
250 gm calibration sequence, the total variation in
period  at cach =equence (resofution), differences
between 0 and 0o during a calibration period
(short term drift). and differences in the average
periods of 040 Os, and 250 mass squence from
the initial calibration (long term drift), tempera-
ture a~ measured by independent methods, and the
straightline calibration curve constants A and B,
The mitial calibrations were  separated  since on
day 240 andd after the SMMD had been alteeed. It
would he more accurate to take the mode rather
than mean period of oscillation if a =ufficiently
large number of cveles had been available to select

a mode.

Table 8- contaims values from three represen-
tative periods of fecal mass measurement. earby
mid and late in the test. Values include date and
ample identification. gravimetric mass. gravimetric
mass  approximalely corrected to SMMD  standard
masses. mas> difference, and pereentage dilference
of fecal mass plus bag and wipes and percentage
of estimated fecal mass. The latter was obtained
by subtracting an estimated 110 gm for bag and
wipes {rom tolal gross, The SMMD mass i calcula-
ted from Equation | using the required number of
significant figures. No temperature corrections were
used since a calibration curve at the stable temper-
ature of rach period was available.
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Table §--2

SMAD Indicated vs. Measured Temperature

-— Indicated Measured Indicated
Temperature Temperature Temperature Temperature
Date Time OF OF Error OF. Rise OF .
- Y7 1bpz 70 554 +3
1Lpg 73 (7 +f 3
— i 13Lé 74 71 +3
1628 77 71 +f. 3
a7 17k 73 TS +0.
Naten) 76 LY +55 3
o 1573 it Ty +4
1531 jo4a] 73 +7 3
240 1457 6z T +5
150G &3 77 +5£ 1
Pl 2307 75 £8.5 5
7 AELs 485 2
r51 2his 77 & *9
iy 78 - - -
1507 79 He +14 2
25 D34 Th A8 +6 -
Table 8-3
Some Values of SMMD Calibrations
Catibration
_ Average Drift Orift Measured Curve
Mass Period(T) Long Short Resolution  Temp Coefficients
Date/Grams _Seconds Sec.x105  Secx105  Secx10 Fo A R
e L.wy2 oo het -61E L7 fo 4
a3 =29
Pariiy
Lodene L7 . (IO AR T N

8.7
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Table 8-3 (Continued)
Some Values of SMMD Calibrations

Calibration
Average Drift Drift Measured Curve
Mass Period(T) Long Short Resolution  Temp Coefficients
Date/Grams  Seconds Sec.x105  Secx105  Secx10S Fo A
Rt -40 -2 £
BETT S - bt 1
- ; Lot -35 3 - B T O
s -l -1z ‘
T -9 R
& 1o kb -i3 1 . BB LS e
L b -15 23 13
. T 3
‘3 i LLowARL -7t 3 i SELBLI90 Ll
) P el -15 23 i
R -7 10
1.opktt o) -1 i3 B SLErLolL -01E. T
LoaBls LR -2 1k
7 -17 7
- 1. o ol 4z 12 kg .e2.9le -€18.5
Lkt +5 -3 19
T 411 5
1. et -2t : ' (DY T VP B
e iy -3 -38 7
¢ PRTEN -9 o
e i E 0.7 -O1E T
i -8 -7 ‘
A LT - 4
TolTEL -118 29 73 162 W -FIT ETL
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Table 8—3 (Continued)
Some Values of SMMD Calibrations
-— Calibration
Average Drit Dritt Measured Curve
Mass Period{T} Long Short Resolution Temp _ Coethicients
Date/Grams  Seconds Sec.x10-9 Sec.x10 Sec.x10°5 Fo = I
LTl -124 -35 4
‘ 230633 S134 5
LT -1 -1 N
-lin [
ok 3f :
S a
. LoEe aliy i wee e P '
KT s+l 30 ¢
sk 5 21
- ’1 Lowys 43 29 & IST. Bl e Tyt
. Lok +ht2 4h ]
G L1511 skt 11
P A oahl Y 13 68 A
LoXTdT 44379 il
o A +577 3%
P L wELe +430 20 o8 157066 «F 20 L
‘ 1.98733 +399 1l
Sy e Y &
Trcwmen (eTlorming calitration.
- 4dr.
3 Flt.
_ RN & 38
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Table 8

1

Aceuraey of Fecal Sample Mas= Determimations

Gravimetricy SMMD % Net Period
Sample Mass Mass Error Gross Error Resolution
Number Grams Grams Grams Error % Sec.x10'5
Date
T FC 1Hk” RIS 247.70 +.8(0 L3 S o
Foolskh g 2‘(5.26 -.1% -0k 2 i1
FC 154 Cleazs 212.75 2 1 e i
T FC 156% N 255.2 1.d 4 7 5
FC 154 Lt 188.87 Te 3 b ‘
.1 FC i9h1 1.l 143,33 3.k P ] 7
[ - 77 . 2y =
xC i 2.5 1.4 L
Ll FC o507 5T 207,08 LhE Ll 3 z
FC 137 Woiy e, - T NN T )
FCO1504 RO RS 20%3.2 1.¢ W 1
: T 17 174.3 I 3
™17 T aEL AL - 47 . = 1a
FD 17" Tehonl Ly - b 32 L. u
FD 17H ok 124,05 L5 2¢ £1 3
C3l FD 7R RO S 206, T4 sl Lk At 1
FL :(EOL 10 199, 2f 1. 1f ¢ FcH 19
FD 7 PR 1a1l.04 -.35 Na Ly 16
ey D 175 PN 1£0.21 31 5T LLEE o7
FC 1517 233.7T4 2.1 A LTy Lo
FC 141¢ 175.5¢ +1.74 1.0 Loik 1%
260 J 181,59 l.E ». 38 ]

1Corre(:ted to SMMD cal'bration mass

Table 8-3 shows the results from several simu-
lated food residue measurements. Table 8-6 shows
the accuracy of fit of vanious calibration curves

from LEquations | and 2.

Results

The RMS errors for the third and fourth order
calibration curves were similar and the practical
best  accuracy  which  could  be
0238 percent and 0244 pereent RMS error respec-
tively with a range of .00Y pereent minimum: at
500 gm to +.03464 percent at 100 zm. This com-
pares reasonably well to prototype crrors on the
order of 01 percent. Resolution at 2530 gm using

obtained  was

calibration maszex was typically 395X 10 2 per-
cent or 0989 gm. Drift over a tenday period
averaged 5.329 \ 10 2 pereent or 1332 gm.

A worst case error over a ten-day period at

250 gt should  thus not  exceed 256 gm  or
102 pereent. Short term resolution at small masses
was on the order of 100 g, Temperature coefli-
cient appears 1o be on the order of 45 counts/°F

or 125 percent/OF at 250 gm (313 gm).

Fecal masses had tvpical net errors of .5 to
75 pereent with normal samples. but oceasionally
small samples exeeeded 2 pereent. Gross fecal sam-
ples (wipes and  bag) were typically  less  than
0.5 pereent. with oceasional errors on the order of
2 percent.
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Table 8 5

Food Residue Determinations

Mass Mass
Gravimetric SMMD Error Error
Item Grams Grams Grams Percent
L Bl - RN hiooo .,
L #ReT [ L #1007 S
d RN Ll ’
o . L A + i
S L7 +1 ¢
. [ IR +.N
. it L +1.04 4
A QLS LT +3. 44
- Lo 3,058 + .33 .

1 Liquid in Skylab drink containers.

2 - Tissues used 1o constrain hgud

The food residue measurements shown are not
exhaustive and, in fact, a number of additional
determinations were made. These, of course, must
be supplemented with a greal many more runs
with the definitive flight procedures prior to flight.
Free liquid, i, liquid with a large air interface or
in a container with large dimensions in the plane
of vscillation. will produce large errors. Conversely,
the small samples of more viscous materials (corn,
sauces, cte.) produced surprisingly large errors on
the order of two gm which could never be ex-
plained. Larger, more liquid samples with tissue
entrapment were measured atrcurulrly.

Discussion

The SMMD  performed satisfactorily as a non-
gravimetric  instrument  for mass measurement
within the accuracies required for support of the
associated medical tests. 1t was reasonably quick
and vasy to use. The chief operational problem
was recording and verbally  transmitting consider-
able amounts of time data which then required

translation into mass, ic., the device was not
direct reading as such an operational instrument

should have been.

As a tool for rigorously investigaling a new
method, it had predictable limitations. Lack of a
workable temperature-sensing system can prohably
be worked around, but this is a problem with the
instrument’s  large  temperature  coeflicient.  The
large: tare mass of the specimen tray makes high
resolution studies impossible. Tt performed well as
regards drift, but showed moderate sensitivity to
mass position, undoubtedly a byproduct of the
large specimen tray and plate fulcra design.

Some care will be required in measurement of
food residue to prevent slosh and resulting errors.
An overbag and enough tissues to soak up liquids
will produce acceptable results here. Careful  ac-
counting will be required to insure that no errors
in adding wipes to fecal and food samples occur.
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Table 8 6

SAVMD Cabbration Curve Errors

Epation: 1 2 2 2 2
2nd Qrder 3rd Order 41h Order 5th Order
Calc Calc Cakc Caic Calc.
Calibravon Mass Mass Mass Mass Mass
Mass Error Errar Error Error Error Error Error Error Error Error
Grams Grams Percent Grams Percent Grams Percent Grams Percent Grams Percent
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Eqn.1 —M = 618.477 + 162.962 T2 {Cal. trom Day 208)

Ean.2 - M = Ag+ AT+ AT2 X AT3+ A, T4 AgT

Discrepancies
The temperature measurement system was inac-
curate and unreliable.

After some ten day: of use, the elastomer
specimen hold-down sheet began o pull loose
from its lower clamping rail. 1t pulled completely
loose at several points by day 234, and was passed
from the chamber where the sheet and clamping
rail were replaced. The mechanical portion of the
unit was autoclaved twice before being returned
which apparently stressed springs or structure such
that performance wax markedly different from the
first porlion of the test. After return on day 240,
period readings were crratic, and there was a
frequent large drift. This is not so readily apparent
from the recorded data since they were filtered
prior to recording, i.e., the crew would wait until
the worst drift was over or not record obviously

5

spurious readings. In addition, the Zero-Crossing
detector was found to he loose after the chamber
run. For these reasons. data from day 240 onward

are not considered representative,

The replacement clamping rail for the elastic
sheet was a heavier. more rigid. element than the
original, which was thin and fMexible, and did not
distribule pressure evenly resulling in stress points
on the sheet. This replacement appeared to solve
the problem.

Although mass determination is an obvious
error source, other much larger errors can easily
accrue to make worthless the efforts to obtain a
good MMD instrument. Some of these errors in
fecal spechnen nicasurement are examined.

Feeal samples  are collected in a bag with

self-adhesive  surfaces  which  prior to use  are
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covered with plastic backing. In addition, six wipes
are nominally used and placed in the bag but
more than this may be required.

Several possibilities of error present themselves,
First, the bag weight must be known. Table 8-7a is
a typical listing of seventeen bags. It appears that
the bags were handled in lots since, as shown by
this sampling, there was large variation in accuracy
of recorded weights. Some lots were cluse to
marked weights while others showed typical errors
recorded.

8-13

Table 8-7b shows the consistency of mass of
the total amount of adhesive backing tape. Varia-
tion from maximum to minimum weight is
0.29 gm. As expected, this die-cut material is very
constant, and a fixed average value can be used
with negligible error, so long as all of it is
consistently accounted for, i.e., the same proce-
dure is used each time. Portions of this backing
weigh approximately 2.5 gm each.

The most likely source of error is accounting
for the number of wipes used. Table 8-7¢ shows

Table 8-7a
Measured vs. Recorded Fecal Bag Weight

Recorded
Measured Weight Weight
Weight * {on bag) Error Error
Bag 1.D.# Grams Grams Grams Percent
FD 1790 97.77 99.90 2.13 2.18
88 96.90 97.00 .10 .10
87 96.30 97.30 1.0 1.0k
84 96.08 99.70 3.62 3.76
5 95.15 95.65 .50 .53
4 97.68 100.03 2.35 2.4
3 97.18 99.58 2.ko 2.4y
FD 1858 96.7¢ 97.10 .38 . 3G
49 93.2z 99.48 .26 .26
31 05,22 95. 11 -1l -.12
kK 9%. 36 96,15 -.21 -.22
29 99. 4k 99.45 .22 .22
28 35.55 95.36 -.19 -.20
i 96.93 96.54 .39 ho
25 96.60 96.55 -.0% -.52
FD 1771 55.32 97.40 2.08 2.18
1732 97.1k L0c.11 2.97 2.05

.Corrected to cal. weight.
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Table 8—7 (Continued)
Measured vs. Recorded Fecal Bag Weight

(b Adhesive
Fecal Tape Backing
Bag 1.D.# Total
- 10.5¢
FD 18L8 10,67
1830 14,25
1831 1, L7
1838 10,43
1787 10,48
1805 19.42
1806 10,31
- 16,39
— 16.35
1846 10,50
716,570 Ava.
(c)
Weight of Wipes
2.6 gm.
2.5
2.5
2.6
2.65
T 2.57 Ave.

Average weight of ancther
sample of 63 wipes wa=n:

2.798 gm.

some typical wipe weights. As would be expected,
they are very consistent in weight from item to
item, but there were at least two lots of wipes
used in SMEAT. Another sample of 63 wipes aver-
aged 2.798gm. An emor of wipe count is likely
and one to two wipes can cause appreciable errors.
This, plus errors in bag weights and possible
differences in techniques of adhesive backing dis-
posal, can easily produce errors of ten gm or
more.

It is recommended for Skylab that:
1. The sources of bag weight error be found

and corrected.

2. A fixed procedure for removal of adhesive
backing be instituted and followed.

3. Wipe weight determination be made and
wipe count rechecked on return.

4. Most importantly, personnel using specimen
data become aware of error sources and
take appropriate precautions.

Measurement  of food residue samples, like
fecal sample measurement, will depend very much
upon procedures used. At the moment, these have
not been delineated. The following is a resume of
error sources and recommendations of procedures.

Food packages vary widely including: beverage
containers, an accordion-folded plastic cylinder
with a push-pull valve; several can arrangements
with pull-ring lop removal, including small cans of
custards, candies and peanuts; a separate larger can
with plastic internal container and a water valve
for rehydration, and with a plastic diaphragm for
large cans of wet-packed foods such as fruits in
syrup and applesauce; and large cans with frozen
foods such as filets, shelllish in sauce and ice
cream. Apparently, a new design for dehydrated
foods will be used for flight. It will have a
semirigid section to fit the larger cans with a
sealable plastic membrane extension.

Regardless of food residue, two requirements
must be met for satisfactory mass determination.
The object(s) must be secured to the SMMD
specimen  tray. They must be prevented  from
sloshing. Of all the schemes tried, the following
was the most practical. Small custard cans with or
without the lid may be placed directly on the
scale. A plastic bag with some form of liquid-tight
closure is required for other measurements. Those
cans with particulate materials such as candies and
peanuts should be emptied into the plastic bag
which is then placed on the specimen tray such
that all contained particles are under pressure by
the elastomer sheet.
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Depending upon the final container configura-
tion, the plastic inner containers should be re-
moved from the cans and cither sealed or placed
in the plastic bag which is sealed. Any homoge-
nous foods can be measured directly since they
are viscous enough not to slosh. Most of the
wet-packed foods (with the possible exception of
applesauce) and the frozen items should be placed
in the bag with its can and sufficient wipes to
absorb any free liquid and the assembly place!
under the specimen restraint. Using these proce-
dures, accuracies sufficient for support of the
metabolic analysis should be obtained.

Equally, or even more important than mass
measurement technique is the accounting of all
objects in the gross mass figure, ie., type and
number of containers and wipes. It is equally
important to insure that an accurate known mass
is available for all of these items, i.e., can weights
and wipe weights should be accurately known,
Both cans (and their lids) and wipes have uniform
weights to a small fraction of a gram. It is

assumed that any plastic bags used will also be
uniform or else weighed and stamped.

If such procedures are instiluted and followed,
accuracies adequate to support the metabolic ex-
periments will be attained.

Body Mass Measurement

Although not directly associated with M074
and the SMMD, there was opportunity to verify a
crucial component of MI172 (body mass mcasure-
ment experiment) during the SMEAT test. In this
experiment, food trays are to be used as calibra-
tion masses. One might reasonably expect some
change in these masses cither through evaporation
of volatiles or through addition of food residue.
To determine magnitude of such changes, all four
food trays were accurately measured by the NASA
calibration lab using! balances #41689 and
€0 3386 and mass sets #46994 and CO 2731,
Results are shown in Table 8-8. In the absence of
any consistent trend, no valid conclusions can be
drawn.

Table 88
Calibration Data for Four Food Trays

Tray Pre-test Mass Post-test Mass Difference Difterence
Serial Number Kilograms Kilograms Grams Percent
3k, 12.95175 10, JLELE 3.7 —2.gm10?
4513 11.0337€ 10, 57474 -59.02 -s.35x107!
N3l 11.19%55 11,1268 -0.67 -€.03x1073
ulz 11.0027¢ 1%. 55907 -2.71 -2.37x10°7

Ir the absence of any consistent trend

no valid corcluslons can be drawn.

.ne could postulate that both eveporative losses and residue additions

had occurred. The megnitude of loss would te negligible except for 4510,

2’Spars unit

I Three trays were used and one was kept in the chamber as a
spare.
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One could postulate that both evaporative
losses and residue additions had occurred. The
magnitude of loss would be negligible except for
4910. This should produce an crror well above the
resolution of the BMMD (body mass measuring
device) for analytical studies; hence, bias them and
if such a loss continued for two flights, it would
produce a detectable and variable bias in the body
weights.

Summary

The Skylab specimen mass measurement device
was operated throughout the SMEAT test in close
simulation of the 56-day Skylab mission. It per-
formed operational specimen measurements well until
it was passed oul of the chamber for replacement of
the specimen hold-down and was autoclaved prior to
return. Performance after this is not considered
representative.

Fecal measurements were typically made with
less than one percent error with small samples
occasionally exceeding this. No food residue was
available, but simulations were made. By using a
mylar bag for containment and paper wipes lo

SKYLLABMEDICAL EXPERIMENTS ALTITUDE TEST

entrap liquids, measurements of less than 2 percent
are rouline.

Present Skylab procedures are adequate for
calibration, but the specimen mass determinations
should be reduced to three readings without tem.
perature. Carcful documentation of number of
wipes, etc., will be required to maintain overall
accuracy.

This SMMD performed well as regards Lo sta-
bility and period resolution. It has a large (for
rigorous analysis) temperature cocfficient and this,
coupled with a faulty temperature measurement,
requires an independent temperature determination
during calibration.

This temperature problem and a very heavy
specimen tray limits its utility as an investigative
tool. With larger calibration masses it has reason-
ably good accuracy, on the order of .05 percent.
Maximum resolution i on the order of 50 mg at
small masses. Stability for ten-day periods was on
the order of 175 mg.
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Gravitational loading and countergravitational
muscular effort are thought to play an important part
in maintaining skeletal strength. Loss of minerals
from the bones is a consistent finding in studies using
various analogs of weightlessness, including bedrest,
water immersion, and immobilization (Mack et al.,

1967; Mack & Vogt, 1971; Vogel & Friedman, 1972).

Space flight findings concerning bone mineral loss
have been vanable. Bone mineral loss has been seen in
some astronauts and not in others, using both the
bone densitometric X-ray technique and the more
precise  gamma-ray absorptiometry method. Bone
mineral losses have also varied from site to site in the
body, being more evident in the lower extremitices,
especially in the os calcis (Hulley et al., 1972). If
these losses are indeed a consequence of weightless
space flight, the issue of whether they are self-limiting

or continue unabated over time becomes of
paramount importancv.
The Skylab Bone Mineral Measurement

Experiment (M078) has been designed to clarify the
issue of bone mineral loss associated with prolonged
periods of residence in the zero gravity environment.
There are. however, other variables in the space flight
environment  which could perhaps mediate hone

9.1

mineral losses, The SMEAT Program afforded the
opportunily to isolate these variables, notably the
Skylab atmospheric/pressure environment, from the
weightlessness variable. While these two factors may
not have played a demonstrable role relative to bone
mineral loss in the shorter Apollo missions, they
could conceivably be more significant factors in the
28- and 56-day Skylab missions.

A group of control subjects was also studied in
conjunction with the SMEAT bone mineral measure-
ment experiment. These individuals were included so
that the effects of confinement and cabin environ-
ment, if any, could be calculated. With this design, it
was expected that the effects of weightlessness could
be isolated from other factors which might be opera-
tive in bone mineral loss, and that the magnitude of
cach of the factors involved could be assessed.

The immediate objective of the SMEAT bone
mineral mecasurement experiment was to determine
by comparison of pretest and posttest measurements
what effect, if any, 56days of residence in a
Skylab-type environment might have on the mineral
content of the left os calcis (heel bone) and the right
radius and ulna (forearm) of the three SMEAT
crewmen and five controls.
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Equipment

Bone  mincral  measurements  were made
employing  the  gamma-ray  absorption technique,
using a rectilinear scanner fitled with a gamma-ray
source and a seintillation detector mounted opposite
cach other. With this method, the heel bone, or any
limb  betng examined, s placed on a stationary
platfiorm  between the  photon  source and  the
detector. The detector and source are designed to
move synchironously in order to measare the beam
attenuation caused by the bone positioned between
them: the higher the count rate, the lower the
mineral content.

Bone Mineral Measurement Device - Description

The bone mineral measurement unit is depicted

diagrammatically in Figure 9-La and 9-Th. 1t consists

(a) Scanner Diagram

{b} Scanner Disassernbled

Figure 9-1. Scanner.

principally  of a ~anning voke, which holds the
collimated photou source and a collimated detector:
an apparatus for moving the yohet and devices for
positioning the limb to be scanned. The photon
source 1 H0 mGi of P251. the detector is a thin
(3 mm) sodinm iodide crystal (NALth) coupled to a
photomultiplicr tube: both source and detector are
collimated to 3mm. Sinee P251 i a low energy
source, the thin erystal eliminates noise and high

energy background.

The deviee can operate in two configurations, one
for heel scanning (Figure 9-2) and one for arm
scanning (Figure 9-3). Seanning is accomplished by
movemenl of the voke i two separate axes, the
s-axis and the y-anis. The conversion of the scanner
from one configuration to the other requires a
90° rotation ol the frame with respeet to the base
and a 90" rotation of the yoke with respeet o its

mounting stud.

Figure 9.2, Heel scanning configuration.

Posttioning. Two interchangeable tables. which
mount on a common holder that slides on the scanner
base, position the limb for scanning and hold it
stable. The base is locked into  position by

thumbscrews.

Scanner Control.  The stepper  molors  are
accurately controlled by a miniaturized. digital
scanner control instrument. The scanner control
module weighs seven pounds (3.2 kg) and is housed in
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an  instrument  bin owith the  data  colleetion

electronies.

Figure 9-3. Arm scanning configuration.

The motion of the voke along the x-axis is
controlled by a nquartz crystal oscillator and digital
frequency synthesizer.

The yoke is driven on both axes by means of
precision stepping motors, Fach stepping impulse
turns the motor through 1.8° of arc, or 200 sleps per
revolution. A microswitch on carh axix determines an
exact reference point for repositioning.

Data Collection Electronics

The signals from the photomultiplier  are
amplified by a lincar amplificr and the photo peak
pulses are selected by a single channel analyzer. These
pulses are counted for an interval set by the scanner
paper tape  for
lincar

control and then punched on
subsequent processing by a computer. A

ratemeter monitors the count-rate in real time.

Calibration

Standards were scanned before and after each
subject to calibrate the entire system. The Cameron
Standard used consists of a block of plastic
containing three chambers filled with dipotassium
hydrogen phosphate to stimulatc bone mineral
attenuation (Witt et al.. 1970). A hydroxy apetite step
wedge was scanned weekly to calibrate the Cameron
Standard in terms of hvdroxyvapetite attenuation
(Heuek & Schmidt, 1960).
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Data Reduction

Data on punched paper tape was fed into a
computer for caleulation. Bone  mineral content

(BMC) ix calealated from the Tormula:

I
B |\Em+
]

where K ois the attenmnation  coefficient, |« the
average count rate through soft tssue, and 1 the
count rate through bone. The program detesmines the
bone edges and width and caleulates 1« to minimize
the effects of fat (Vogel, 1971). For the heel, 1« is
determined on the lean side only. The reported BVMC
is the average over nine sows in the central os caleis
and seven rows ol the distal radius and ulna.

Procedures

The scan procedure was essentially the same as
used on Apollo 14, 15, and 16 (Vogel, 1971).
Simultancous scans were made of the left os caleis
and right forcarm of cach subject beginning 44 days
pretest and ending 20 day s posttest. Betore the fiest
measurcment, an impression was made  of cach
subjeet’s foot and a plastic mold fashioned from this

impression.

During scanning of the os caleis, the heel rested in
the foot mold which was mounted in a plastic box
filled with water, a< shown in Figure 9-2, (o provide a
constant tissue equivalent path.

During arm scanning, the arm fay horizontally
between two plastic vertical uprights on the arm
tabletop, as pictured in Figure 9-3. A peg in a
movable hand rest was positioned to hold the arm
with the ‘ulnar styloid opposite a reference in the
upright. A constant path length tissue equivalent was
obtained in this case by surrounding the arm with
Superstuff* covered with a thin plexiglass sheet (see
Figure 9-3). Sixteen parallel rows™™ (3 mm apart)
were scanned.

*WHAM.-O Corporation, San Gabriel, California.

**A traverse by the x-axis ram constitutes a row during
which data are collected. A second movement, by the
v-axis unit, in between rows constitules an increment,
during which no data are collected.
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The initial heel positioning was determined in
presean Xerays. Final positioning is provided both by
the heed mold and by imatching a heel profile made by
plotting heel width versus focation. A contour display

Fiyrure 9-1) of cach scan could he compared with the
# I
N-ray to verify positioning.

Figure 9-1. Gamma-ray contour display of foot.

Results/Controls

Table Y-1 shows the percentage change  from
baseline bone mineral measurements for the heel
bone of the crew and controls. These data are shown
graphically in Figure 0.5, Ooly one erewmember, the

SMEAT commander, showed a loss of bone minerals
posttest which could mdicate a statistically significant
tremd. The commander’s loss of 3.1 pereent of bone
minerals below lus baseline measurement on the first
day after the test may indicate some os caleis mineral
loss. 1t should be noted, however, that the loss is of
borderline significance. The seience pilot also had
negative pereentages of bone mineral after the test,
particularly on day 2, but, since his preflight baseline
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Figure 9.5, Changes from baseline bone mineral
measurements in heel bone of SMEAT crew and controls.

Table 9-1

Pereent Change From Mean Baseline Bone Mineral Measurements

Crew Controls

CDR SPT PLT Ct c2 C3 c4 Cs
T —-44 +1.0 -06 +0.2 - -1.2 -1.8 -0.9 -
T-20 0.7 -2.9 -20 +0.6 -0.9 +0.2 - -1.5
T- 9 -0.4 +1.6 +1.2 -04 +3.5 +0.2 -0.5 +1.4
T-1 +0.1 +1.9 +0.6 -0.2 -1.5 +1.3 +1.3 0.0
R+ 0 -3.1 -1.0 -0.4 - +0.5 - - -
R+ 1 - - - +0.3 - -0.3 +1.3 -2.1
R+ 2 -2.7 -34 -0.2 - +1.2 — - -25
R+ 16 - - - +1.5 - - - -
R + 20 +3.1 +54 +3.6 - +8.7 - - -
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also tended to run in the negative direction, this

apparent  postflight loss vannot be  considered
signilicant. The apparent increase in bone mineral
content on WY 1(/72 indicated in Figure 9-5 must be
attributed  to varation both

controbs and crews showed substantially higher levels

instrumental sinee

at the time of this measurement.

Pereent deviation from  baseline for the right
radius shows no significant variation in either erew or
controis. The posttest ulnar measurements, however.
show a substantial  increase  in bone  mineral
measurement for the science pilot. No change was
evidenced in the remainder of the erew or controls.
While ulna measurements tvpically show a larger
variance from baseline than do radius measurements,
the gain shown by the science pilotin this experiment
indicates a true significant change. These results are

shown in Table 9.2,

EXPERIMENT MO7T8 9.5

Equipment Problems

The cquipment probleas and procedures noted
during the SMEAT bone mineral experiment for the
most part have been resobved. The SMEAT test led 1o
various refmements i equipment and systems, A
dritt in calibration was rectified by the wse of a
precision high voltage power supply i licu of the
previously hattery sy =tem.
Mechanical problems with the scanner have heen

employed powered
resolved by replacing the drive mechanism. (The
cause for the apparent R 20% inerease i boue
mineral content, seen in erew and controls alike, and
connected with instrument electronies problems s
being investigated so as to prevent il securrence.)

*Twenty days after recovery .

Table 9-2

Right Ulna Mineral Measurements
(Mean gm/em)

Crew Controls

CDR SPT PLT C c2 c3 (o c5

T -44 0.554 0.699 0.846 - 0.658 0.650 0563 -
T-20 0.558 0.705 0812 0.760 0.665 0.671 - 0.565
T- 9 0587 0.674 0.835 0.762 0.638 0.674 0.568 0. 77
T- 1 0.567 0.710 0.839 0.772 0.651 0.659 0.573 0. 67
Baseline Av 0.566 0.697 0.833 0.765 0.653 0.663 0.568 0. 70
+0.015 +0.016 +0.015 +0.007 +0.011 too0n t0.005 +0.007

T +41 - - - 0795 0.635 - - -

R- 1 — - - 0.778 - 0.664 0.563 -

R+ 0 0.681 0.728 0.840 - 0.664 - - -
R+ 1 - - - 0.771 - 0.685 0.578 0.564
R+ 2 0.585 0.770 0.841 - 0.666 - - 0873

R+ 16 - - - 0.775 - - - -

/R + 20 0.552 0.740 0.840 - 0.651 - - -
SMEAT Av 0.773 0.653 0.667 0.569 0.569
+0.012 10012 +0.012 +0.007 +0.006
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Conclusions

The SMEAT bone
revealed few deviations from baseline bone mineral
Sky lab-ty pe
cnvironment. No mineral change was observed in the

mineral  measurement  test

measurements  after 360 days in o a
richt radius. One individoal, however, showed a
possible mineral loss in the left os caleis and another
wained mineral in the right uluna. The cause of the gain
is unclear but may be attributable to the heavy
exercise roulines engaged in by the crewmember in
question. Equipment problems were identified during
the SMEAT experiment and rectified. These results
have formed the basis for significantly improved
systems for the Skyvlab bone mineral measurement
experiment.
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Metabolic measurement during American space
flights has been limited 1o determining the total
production of carbon dioxide by analysis of the
amount of lithium carbonate formed by the reaction
of carbon dioxide with lithium hydroxide in the
carbon dioxide removal canisters carried onboard.
This method, although valuable in determining the
average heat production rate for crewmen during
space flight, does not provide insight into transitory
(peak) energy expenditures that are associated with
performance of work in space.

During the Skylab missions, the first attempts are
being made to study metabolic activity in a con-
trolled way. A bicycle vrgometer and equipiment for
measuring respiratory and cardiac function have been
included onhoard. Crewmembers can thus obtain on-
going readings of their metabolic effectiveness in
doing mechanical work as a mission progresses.

The Skylab metabolic activity experiment,
Experiment MI71, was included in the SMEAT test
to determine if man’s metabolic effectiveness in doing
mechanical work is progressively altered by a simu-
lated Skylab environment, including environmental
factors such as slightly increased pCO,. The data
obtained is intended to scrve as baseline information
against which to compare inflight results. A second
purpose of the experiment was to evaluate the bicycle
ergometer for crew personal exercise. The SMEAT
version of the Skylab metabolic activity experiment

also provided an opportunity to test erew procedures
and data handling proceduores.

It should be noted at the outset that certain hard-
ware anomalics occurred during this exercise. The
physiological data collected should. therefore. be
viewed in the context of these anomalies. Special
tests and procedures to resobve the problems are

discussed in the following sections,

Equipment and Mcthods

The experiment hardware consisted of a metu-
bolic analyzer, an ergometer, and ancillary equipment
to measure heart rate, blood pressure; and body
temperature.

The metabolic analyzer utilizes a mass spectrome-
ter to determine the partial pressures of oxygen,
nitrogen, carbon dioxide. and water in the inspired
and expired gases. Rolling-seal, dry spirometers are
used to measure separately inspired and expired breath
volume. From these inputs, an analog computer derives
minute volume, carbon dioxide consumption, carbon
dioxide production, and respiratory exchange ratio
each minute. These data may be computed using both
mnspired and cxpired volume measurements (Mode 1),
or using an inspired volume computed from the expired
volume and the inspired and expired nitrogen measure-
ments (Mode 2). The latter mode, which is the prime
mode for Skylab. was used during the SMEAT test.

The authors gratefully acknowledge the contributions of Dr. C. F. Sawin, J. M. Waligora, D). }. Horrigan, R. E. Heyer,
H. S. Sharma, Dr. A. P. Schachter, D). G. Mauldin, and J. D). Lem.
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leart rate was computed based on the time
required for five ECG Rwaves and was displayed
cach five beats. An automatic blood pressure
measurement  system  performed an inflate/bleed-
down cycle cach minute and displayed systolic and
diastolic pressures cach minute based on Korotkoff
sounds. Body temperature measurement was made
with an oral thermistor before each test run.

Metabolic Analyzer

The metabolic analyzer, used in SMEAT, was a
design verification test unit (DVTL) that differed
from the flight unit only in the following minor
details:

1. The seals on the spirometer dump valves were

not flight-type.

(M

The mass spectrometer status-light power
supply was not flight-type.

3. A breakoul cable had been attached to the
metabolic analyzer analog computer to permit
evaluation of various stages of computation.
Figure 10-1 illustrates the metabolic analyzer.

Ergometer

The bicycle ergometer is an electrically braked
excrcise device that can be operated in cither of three
modes: set work, set heart rate, or sequenced heart
rate steps. All M171 tests utilized the set work mode.
The loading of the ergometer is mdependent of the
pedaling rate between 50 to 80 ¢y eles/minute.

The SMEAT ergometer was a flight trainer unit.
Figure 10-2 shows a subject engaged in a metabolic
test on a similar ergometer. The primary design
difference between it and  {light units was the
orientation of the brush ring. In the SMEAT unit, the
brush ring “fingers™ pointed against the direction of
the rotation of the armature, rather than with it.

During the second day of the SMEAT test, a load
module failure occurred. A substitution was made for
the defective load module, and the unit was reca-
librated. Following repair. the original load module
was returned to the chamber, but it failed again.
After conclusion of the SMEAT test, it was
determined that the load module had a bearing that
was defective due to improper installation. 1t is

presumed  that the beanng caused the “growling™
noise and toryue sensor failures that occurred each
time the ergometer failed.
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Figure 10-1. The metabolic analyzer.

Figure 10.2. A subject on the ergometer.
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Testing

The preparatory phase ol each test included
adjustment and calibration of the metabolic analyzer,
isolation, body temperature

checking  electrode

measurenient, and vital capacity invasurements.

The test profile was as follows: The event time
was =l 10 20 minutes. The timer was a digital clock
that counted down from 26:00 to (1. The subject
began breathing on the mouthpiece while remaining
at rest, relaxing until the twenty-minute mark, at
which time he began pedaling at 50 to 80 rpm. The
first work level (approximately 25 percent of the
subject’s predetermined maximum aerobic capacity)
was set for five minutes at 50 watts for the CDR,
100 watts for the ST, and 60 watts for the PLT. At
the fifteen-minute mark. the work level was increased
to 30 pereent of maximum (100 watts for the CDR|
180 watts for the SPT, and 120 watts for the PLT).
At the ten-minute mark, the work level was further
increased o 75 percent of maximum (130 watts for
the CDR, 260 watt~ for the SPT, and 180 watts lor
the PLT). At the five-minute mark, the subject ceased
pedaling and began a five-minute recovery period.

Metabolic data were voice recorded at 21, 16, 15,
11, 10, 6, 3. Carbon dioxide
produced, oxygen consumed, respiratory exchange
ratio, minute volume, heart rate, and blood pressure

and O minutes,

were recorded each time.

Procedural Vanations

The pretest protocol was the same as that used
during in-chamber testing. This protocol was run in
the laboratory in February, March, and April 1972,
using DVTU #2. It was repeated in the SMEAT
chamber at 14.7 psia prior to the test in July 1972,
During the pre-SMEAT testing at 14.7 psia in the
chamber, two tests were found unacceptable due to
an erroncous ergometer calibration. The data from
these tests were eliminated from statistical considera-
tion of baseline data.

The posttest protocol was performed in the
chamber at 14.7 psia on cach subject lollowing
termination of the altitude test using the same
protocol previously described for the experiments at
5 psia. The test performed in the laboratory on the

10-3

following dav (R4 1) used Douglas bags in licu of the
metabolic analvzer.

Data Handling

Test data were recorded by three methods:
(H) Voice recorded i Building 36, where medical
experiments were monttored and data review took
place: (2) Voice recorded at the test console in
Building 7, the SMEAT

chamber: and (3) Telemetered onto magnetie tapee.

building  housing  the

Manually recorded voice data were filed in the
Johnson Space Center’s Favironmental Physiology
Laboratory. Magnetic tapes were processed  and
summarized on 16 mm microfilm rolls. Minute-ly-
minute data extracted from hard  copies of the
microfilm  were POP-12 digital
computer for editing, plotting, and statistical treat-

entered into a
ment. The same data handling methods were used for
prechamber, in-chamber. and postehamber periods.

Population tstatisties were applied to the data
and the results formed the basis of the conclusions
reached in this report.

Results

Environmental Parameter Data

Table 10-1
menltal conditions monitored during the MIT 1 expen-
ment runs {or the pretest, test, and postlest periods.
All parameters were within expected limits, and no

summarizes the pertinent environ-

significant changes occurred during the experiment
runs. (The average ambient carbon dioxide level during
the test period was 4.8 torr).

Although the test times for cach subject were
standardized during the SMEAT period (CDR-1100,
SPT-1700, PLT-1430), no attempt was made to
assure this same temporal relationship during pre-
chamber or postchamber test periods. An attempt
will be made to control this factor more precisely
during Skylab to eliminate any variability in exercise
response that might be caused by circadian variations.

Physiological Data

Vital Capacity. Because of spirometer triggering
problems and possible respiratory valve leaks, vital
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capagity measuremenls exhibited more variability
than anticipated. Table 10-2 summarizes the data for
cach crewman during the various test periods. Dala
obtained in the Lahoratory
Johnson Space Center, for these subjects and data
collected by the SPT in the chamber utilizing a

Cardiopubnonary

vitalometer are included. As can be observed, the
bascline data collected in-chamber agree with data
collected over several vears in the Cardiopulmonary
Laboratory. The erroncous spirometer triggering or
lvakage of the respiratory valves in-chamber resulted
m low vital capacity measurements. The vitalometer
data also appear low. but they are higher than the
metabolic analvzer values, These data indicate an
unacceptable degree of variation in thiz variable, and
it witl be deleted as a required inflight measurement.

Table 10-2

Vital Capacity

c/p Base-
Data line |In-Test (5.0 psia) Posttest
MA Y MA c/p
X 6,768 5.726)] 5298 5.418 - 5.780
CDRS.D.| 0.04 0.1 0.15 0.15 - -
N 5 5 11 4 1
X 6.282 6.250 5.702 6.100 6.170 6.192
SPT S.D.f{ 007 0.23] 042 0.05 - -
N 4 4 10 4 1 1
X 6.140 6.084] 5785 5.841 65795 6.295
PLT SD.1 014 022 028 0.09 - -
N 4 4 9 4 1 1

Body Temperature. Table 10-3 shows pre- and
postexercise oral temperatures for the three erewmen,
Because there were no significant differences between
the pre- and postexercise values, it was recommended
that the postexercise oral temperature be climinated
as a required measurement. The mean preexercise
temperatures appeared low, probably as a result of
slow probe response time and lack of a definite
measurement interval requirement for all tests. A
three-minute  weasurement period  should be suf-
ficient o obtain a true reading. The original intent of
this measurement wa: to identify any  abnormal
thermal state of the subject hefore or following a run.
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Heat storage was expected due (o the high thermal
environment anticipated during some orbital condi-
tions. Sinee  this is no longer a concern, hody
temperature measureinent will he used only to sereen
the subject for fever,

Table 103

Body Temperature

X sSD. N t P
CDR Pretest 979 .460 8 0.0 N.S.
Posttest 979 .661 8
SPT Pretest 973 .255 7 0.433 NS.
Posttest 974 554 7
PLT Pretest 981 .28 8 3325 p>0.01
Posttest 973 58 7

N.S. — Non-significant {p > 0.05)

Resting and Recovery [leart Rate. Table H)-1
represents the resting and recovery heart rates (two
minutes after the wermination of exercise) for the
three crewmen during the pretest and test periods. As
can be seen from these data, there were no significant
differences (p <.03). Neither weee there trends in the

values during the test period.

Table 10

4

Heart Rate (Rest/Recovery)

X SD. N t P

Rost Pratest | 61.5 B312 6 .1636 N.S.
DR Test 621 4408 10

Recovery Prétest | 87.0 13880 4 2113 NS
Y Test 715 7.501 10

R Pretest | 69.2 6648 5 1.596 N.S.
est Test 543 2540 11

SPY . Pretest | 87.0 4966 4 1.874 NS
BCOVETY  Test 798 9724 11

Fest Pretest | 768 11548 6 550 N.S.
pLT Test 741 4306 10

o Pretest | 843 7.023 3 .033 NS.
BCOVETY  Test 845 13.794 10

N.S. — Non-significant {p > 0.05)
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Resting and Recovery Blood Pressure. Table 10-5
summarizes the pretest and test systolic and diastolic
blood pressure data during rest and recovery periods.
The tvalues indicate no significant differences. It
should be emphasized that the variability of this
measurement exceeds that previously observed during
exercise studies, although some editing of obviously
erroneous values was done. [t is felt that a consider-
able improvement in these data could be realized if
crewmen removed their hands from the ergometer
handlebars during each blood pressure measurement

period.

Table 10-5
Systolic Blood Pressure (Rest/Recovery)

X SD. N t P
oy Pretest| 1124 554 5 0000 NS.
COR Test |1124  7.160 11
Recovery Prétest | 1425 1636 4 0308 N.S.
Test |1451 6911 1
ey Protst[1017 10667 4 0760 Ns.
SPT e Test | 1060  6.261 11
Ascowry PTOIeS | 1550 2273 4 0846 NS.
™ Test |1653 144 M
" Pretest | 1088 818 6 1.779 NS.
LT et yer 1177 12345 1
Pretest | 1460 7.07 2 1942 NS.
Recovery

Test 1599 169.73 11
Diastolic Blood Pressure (Rest/Recovery)

X SD. N T

Pretest | 73.3 709 5 0503 NS.

con Rest Test 75 677 1N
Recovery Pretest 7.5 11.09 4 0.034 NS
Test 713 642 11
et Protest| 717 250 4 0477 Ns.
SPT Test 728 6.4 1
Recovery PrOtEst | 725 840 4 0.540 N.S.
Test 745 617 11
fet  Preest| 750 414 6 0583 Ns.
LT Test 778 1491 1
Pretest B81.6 8.14 3 0246 NS
Recovery 1 ost 803 801 11

N.S. — Nonignificant (p > 0.06)

Resting Gas Exchange. Table 10-6 represents the
summary of the oxygen consumption data obtained

during rest for the pretest and tesl periods. None of
the crewmen had differences significant at the
p <0.05 level of confidence.

Table 10-6
Oxygen Consumption (Rest)
X s.D. N t
CDR Pretest 283 039 6 0.620 N.S.
Test .276 074 11
SPT Pretest | .331 .032 5 0.598¢ N.S.
Test .316 018 1
PLT Pretest 295 022 6 1.928 N.S.
L Test 247 077 1

N.S. — Non-significant (p> 0.05)

Table 10-7 summarizes the resting carbon dioxide
production data during the pretest and test periods.
There were no significant changes observed during
any of the periods. However, because of the dif-
ficulties and crrors observed in carbon dioxide
measurement, these data have a low confidence level.

Table 10 -7
Carbon Dioxide Production (Rest)

X SD. N t P
Pretest |0.224 0024 3 —0589 NS
Tost 0.238 0064 M

Pretest | 0.267 0.001 2 -0.146 NS
Test 0.270 0.068 11

PLT Pretest | 0.269 0.028 3 1.872 N.S.
Test 0.224 0.059 11

CDR

SPT

N_S. — Non-significant (p> 0.05)

Table 10-8 summarizes the resting respiratory
exchange ratio (Vc0o/V0,) during the pretest and
test periods. Although there were no significant
changes, the measurement is suspect because of the
V(04 problems noted.

Table 10-9 summarizes the resting minute volume
data during the pretest and test periods. Although all
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crewmen exhibited slightly lower values during the
test period, none of these changes was significant al
the p <0.05 level of conlidence.

Table 10 -8

Respiratory Foxchange Ratio (Rest)

X sD. N t P
COR Pretest | .835 .042 6 0996 N.S.
Test 868 .094 11
SPT Pretest | .877 .070 5 0136 N.S.
Test 869 .164 11
PLT Pretest | .933 .091 6 0189 N.S.
Test 923 124 11

N.S. — Non-significant {(p > 0.05)

Table 10-9
Minute Volume (\"l,:) (Rest)

X SsD. N t
Pretest 8.3 1.47 5 1.646 N.S.
COR Test 69 1.79 11
SPT Pretest | 12.3 .77 5 1550 NS
Test 10.4 3.9 1
Pretest | 10.7 1.83 6 1.957 N.S.
PLT  test | 90 147 11

N.S. — Non-significant (p »0.05)

Exercise Data

Heart Rate. Table 10-10 summarizes the heart
rate response for all crewmen at each exercise level
during the pretest and test periods. Although the
CDR  exhibited a statistically significant increase
during level 3, this was only an average of four
beats/minute and is not considered physiologically
significant. The SPT did not exhibit any significant
changes. The PLT exhibited a significantly increased
heart rate in-chamber for the first two exercise levels.
The higher heart rate levels were noted during the
first chamber test and declined toward baseline levels
by the fourth test.

Table 10 10

Heart Rate (Fxercise)

x s.D. N t P

Level 1 .
Pretest 80.4 8.3 11 0.15 N.S.
Test 80.0 3.1 29

CDR Level 2
Pretest | 1029 10.2 10 1.13 N.S.
Test 99.2 2.8 28
Level 3
Pretest | 121.2 3.7 7 =273 N.S.
Test 125.5 3.9 29
Level 1
Pretest 89.7 44 14 0.0 N.S.
Test 89.7 3.8 33
SPT Level 2
Pretest | 116.4 5.9 15 095 N.S.
Test 114.7 5.3 33
Level 3
Pretest | 138.9 6.1 13 079 N.S.
Test 1374 47 33
Level 1
Pretest 89.9 38 12 -3.47 p<0.01
Test 94.7 50 32
PLT Level 2
Pretest § 113.9 7.1 16 -257 p<0.02
Test 120.1 88 32
Level 3
Pretest | 141.5 3.0 13 -1.29 N.S.

Test 1438 87 32

N.S. — Non-significant (p>0.05)

Blood Pressure. Table 10-11  summarizes  the
systolic blood pressure during exercise for the pretest
and test periods. Significant increases in indicated
blood pressure were observed for the SPT during all
levels of exercise during the test period. The PLT
showed an increase in systolic blood pressure at
levels 1 and 2 of exercise during the test period.
These data are difficult to explain and may indicate a
problem with the measurement. One
suggested explanation is that the blood pressure cuff
bleed rate at 14.7 psia, which is faster than at
5.0 psia, resulted in lower blood pressure values al

technical

14.7 psia than at 5.0 psia. This could occur because
the electronic logic for the blood pressure measure-
ment system permits a rapid cuff bleed down from
maximum cuff inflation until the first Korotkoff
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sound is detected. The bleed-down rate, or pressure
ramp, is slower from systolic blood pressure until
diastolic blood pressure is determined.

Table 1011

. o . ~ .
Systolic Blood Pressure (Fxercise)

X S.D. N t P
Level 1
Pretast 1214 131 1
Test 128.5 74 26 -—-1.6873 NS
CDR Level 2
Pretest 153.0 121 13
Test 145.6 89 23 1.9297 N.S.
Level 3
Pretest 1720 105 13
Test 172.2 13.2 32 -0.0536 N.S.
Level 1
Pretest 126.1 57 N
Test 135.1 121 31 -3.2483 p<0.01
SPT Level 2
Pretest 154.3 6.0 9
Test 162.3 138 33 -—25593 p<0.02
Level 3
Pretest 166.3 94 9
Test 185.3 76 33 -55863 p<LO.0N
Level 1
Pretest 129.0 95 15
Test 147.3 169 24 -4.3233 p<0.0M
PLT Level 2
Pratest 152.0 7.2 15
Test 165.6 99 27 -5.1090 p<0.001
Level 3
Pretest 198.1 142 13
Test 191.3 38 33 1.7026  N.S.
N.S. — Nonsignificant (p > 0.05)
Table 10-12  summarizes  the diastolic  blood

pressure  data for the same periods. Significant
decreases were ohserved for the SPT during level 2
and during levels 1 and 2 for the CDR. These changes
are of a small absolute magnitude and. in view of
their somewhat random occurrence. are probably
related to the technical variability of this measure-

ment,

Gas Exchange.

1. Oxygen Consumption. Table 10-13 summa-
rizes the oxygen consumption data for the pretest

SKYLABMEDICAL EXPERIMENTS ALTITUDE TEST

and test periods for all crewmen. The PLT was the
only subject who exhibited a significant change
during the test (decrease) from the pretest period. A
possible explanation for this was his lack of famil-
iarity  with the ergometer prior to the SMEAT test
period. These differences were numerically small and
represent a slight increase in mechanical efficieney.

Table 10- 12

Diastolic Blood Pressure (1 xercise)

X SsD. N t P
Level 1
Pretest | 73.2 108 14
Test 66.7 58 32 21220 p<0.05
CDR Level 2
Pretest | B0.8 108 15
Test 68.1 59 31 42573 p<0.001
Level 3
Pretest | 75.3 108 13
Test 71.8 44 32 11212 N.S.
Level 1
Pretest | 67.2 35 12
Test 65.8 6.3 33 09389 N.S.
SPT Level 2
Pretest | 72.7 47 N
Test 68.0 6.3 33 26229 p<0.02
Level 3
Pretest | 68.2 73 1
Test 65.1 71 33 1228t NS
Level 1
Pretest | 67.2 52 16
Test 69.7 7.7 33 13389 NS,
PLT Level 2
Pretest | 74.3 6.0 16
Test 76.1 69 33 09901 NS
Level 3
Pretest | B1.5 6.2 14
Test 78.3 59 33 16414 NS

N.S. — Non-significant (p > 0.05}

Dioxide Production. Table 10-14
summarizes the carbon dioxide production exercise
data for the pretest and test periods. AWl these data
were collected utilizing a metabolic analyzer. The

2. Carbon

data show a significantly higher output for the CDR
during the st period. Since the baseline data were
also collected with the metabolic analyzer, the lack of
a significant inerease in carbon dioxide production in
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the other two crewmen is misleading. The baseline
\7(;()2 data collected using the metabolic analyzer
were high relative to the Douglas bag data. In other
words, all carbon dioxide production data obtained
by use of the metabolic analyzer were erroncously

with the mass spectrometer sample inlet system,
There is a high probability that some cabin air is
trapped within the sample lines and this air dilutes
the cal gas flow, resulting in erroncously high carbon
dioxide gain settings. Modifications presently being

high, but this was accentuated at 5 psia in the case of  incorporated into " the  (light  hardware  should
the CDR. climinate this problem,
Table 10413 Table 10 11
Oxygen Consumption (Exercise) Carbon Dioxide Production (Kxercise)
X sD. N t P X SD. N 1 P
Level 1 Level 1
Pretest| .856 .071 12 1458 NS, Pretest|{ .726 .057 7
Test 898 116 33 Test .852 140 33 -3.8736 p<0.001
CDR Level 2 CDR Level 2
Pretest { 1.409 071 16 0.0 N.S. Pretest | 1.376 .032 7
Test 1.408 .147 33 Test 1.478 .161 33 -3.3415 p<O.MN
Level 3 Level 3
Pretest [ 2034 107 16 0.930 N.S. Pretest | 2.084 073 7
Test 2000 .143 33 Test 2219 213 33 -28209 p<0.0%
Level 1 tevel 1
Pretest | 1.414 100 14 0.066 N.S. Pretest | 1.404 084 4
Test 1.416 .077 33 Test 1.316 .122 33 1.8698 N.S.
SPT Level 2 SPT Level 2
Pretest | 2.310 210 14 1.415 N.S. Pretest | 2.430 .251 5
Test 2223 .144 33 Test 2350 184 33 0.6853 N.S.
Level 3 Level 3
Pratest [3.177 .303 13 0.198 N.S. Pretest | 3.665 .308 5
Test 3195 .190 32 Test 365 .501 33 0.0920 N.S.
Level 1 Level 1
Pretest| 949 059 16 2893 p<0.01 Pretest | .863 .043 7
Test 886 092 33 Test 85 099 33 0.2955 N.S.
PLT Level 2 PLT Level 2
Pretest [ 1.540 095 16 2356 p<0.05 Pretest 1 1.460 .088 7
Test 1.463 127 32 Test 1636 .140 33 1.8189 N.S.
Level 3 ) Level 3
Pretest| 2.247 157 16 3.824 p<0.001 Pretest | 2.272 074 7
Test 2080 .110 33 Test 2290 166 33 04617 N.S.

N.S. — Non-significant {(p > 0.05)

The nature of the calibration sequence may
explain the greater differential for the CDR. It is
presently thought that the lack of sufficient warmup
time, which results in an erroneously high gain setting
for carbon dioxide, is a contributory factor. The
carbon dioxide calibration problem is further
complicated by the valving and plumbing associated

N.S. — Non-significant {p >0.05)

3. Respiratory Exchange Ratio. Because of the
problems in carbon dioxide production determina-
tion, the respiralory exchange ratio will not be
evaluated since it reflects the same errors. However,
the Douglas bag data collected during special tests at
altitude confirmed normal RFR values during the test
period.
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4. Minute Votume. Table 10-15 summarizes the
minute volume data for the pretest and test periods,
Fxeept for devel 1 Hor the CDR,  statistically
sgnilicant increases were observed Tor this variable.
Since  hand  pump  calibration  data verified  the
acvuracy of the measurement under ambient condi-
tions and the Douglas bag data collected during the
speaial tests conlicmed @ normal minute volume,
these shight increases are attributed to the erroneous
water reading by the mass spectrometer. This
paranmeter s fed into the minute volume circuit to
correct this signal BTPS conditions and could

account {or the maguitude of difference observed.

Table 1015

Minute Volume (Exercise)

X SD. N 1 P

Level 1
Pretest | 220 2.7 g -0.521 N.S.

Test 226 19 33
CDOR Level 2
Pretest | 37.2 2.2 13 3.13 p<0.01

Test 350 20 33
Level 3
Pretest | 54.7 41 13 3.08 p<o.0n

Test 508 32 33

Level 1
Pretest | 426 3.1 14 -235 p<0.05

Test 452 45 32
SPT lLevel 2
Pretest| 734 63 14 -271 p<0.02

Test 788 6.0 32
Level 3
Pretest {117.3 13.5 14 -4.03 p<0.001

Test 133.0 82 32

Level 1
Pretest| 248 15 16 -409 p<0.001
Test 268 18 33

PLT Level 2
Pretest| 399 26 16 -461 p<0.001
Test 437 29 33
Level 3
Pretest| 591 6.2 16 -3.22 p<002
Test 646 4.1 33

N.S. — Non-significant (p >0.05}

Variable Pairs.

1. Uxygen Consumption - Workload
{Mechanical Efficiency). The relationship between

oxygen consumption and workload indicates the
mechanical efficieney in accomplishment of physical
work. A standard way of calculating this value is to
measure the metabolic rate at a known workload and
to subtract the resting metabolic rate. Since a
multilevel exercise test is used, mechanical efficiency
is reported as the slope (ce/watt) of oxygen con
sumption  workload curve. This  relationship is
linear, and for the SMEAT subjects, the average
correlation cocfflicient was 0.9785 £ .020 for a total

of 50 tests,

Table 10-16 summarizes the sfope of the oxygen
consumption  worktoad relationship for the pretest
andl test periods for the three crewmen. Efficiencies.
expressed as pereentages, are shown in parentheses.
The average for all the Apollo pre- and postflight
exercise tests through Apollo 16 wax 11.8 cefwatt
(25.3 percent cfficiency). Both the CDR and SPT
indicated  small, but sgnificant, changes for this
relationship. Since one was an increase and one was a
deerease, this i not viewed as an overall significant
{inding.

Table 1016

Mechanical Efficiency (ee’s Oy per watt)

X s.D. N 1 d
P
CDR retest 11.4(26.2) .2 5
Teast 11.1(26.99 .1 10 3162 00
SPT Pretest 99{30.2) 4 4
Test 11.1{26.9) g n 3.560 0.0t
PLT Pretest 10.0{(29.9) 8 6
Test 99(30.21 5 10 0276 NS.

(% Efficiency) N. S. - Non-significant

2. Fg Vo , (Respiratory Efficiency). The
relationship between minute volume and oxvgen
consumption i the ventilatory equivatent for oxygen
and gives indication of pulmonary efficiency (ie.,
how much air is required to supply a certain amount
of metabolic osygen). These variables are highly
correlated and linear. For all tests on all subjects, the
average correlation coeflficient was
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0.9984 £ 0.01:4 (N-55). Table 10-17 summarizes the
minute volume for an oxygen consumption of 2.0
liters/minute STPD for all these crewmen.

Table 1017

Minate Volume at 2.0 1/min Oxvgen Consumption

Ve =V
l; () 2
X SsD. N 1 P
Pretest 53.8 1.4
CDR Test 50.4 3.3 11 2.892 0.01
SPT Pretest 64.4 5.4 4
Teast 72.0 6.5 1 2,278 0.05
PLT Pretest [ 51.8 2.1 6
Test 588 5.8 7 3398 0.0t

The data indicate the CDHR had a significantly
reduced minute volume and the SPT and PLT had
increased minute volumes for the

indicate

same oxygen
individual  dif-
ferences in response to the reduced viscosity of the
air and the change in resistance of hreathing, How-
ever, the most plausible explanation relates to the
previously discussed error in measurement of BT P S
minute volume due, in tumn, to high water measure-
ment by the mass spectrometer.

consumption. This  may

3. Oxygen Pulse (Oxygen Consumption/Heart
Rate). The slope of the relationship between oxygen
consumption and heart rate is called the oxygen pulse
or the number of cubic centimeters of oxygen carried
per heartheat. This relationship is highly linear with a
very significant correlation. The average correlation
coelflicient for 09782 + 026.
Table 10-18 summarizes the slopes of this relation-
ship for the pretest and test periods for each
crewman. There were no significant changes observed

53 tests was

for this parameter.

4. Systolic Blood Pressure — Oxygen Consump-
tion. Another approach in evaluating cardio-
pulmonary function i~ to look at changes in the
relationship  between  oxygen  consumption  and
systolic blood pressure. This combination is highly

correlated, although not as highly as the previous

10-11

variable pairs. The average correlation coeflicient for
B0 tests was 0.9200 2 005, Table 10-19 summarizes
the systolic blood  pressure at - 2.0 hiters/minate
oxygen consumption {or cach crewman during the
pretest and test period. The SIT shows a slightly
mereased pressure at this exercise level, but again this
may be due o previously diseussed problems with the

lll()()l, lll‘!'.\'.\l"'l' measurement sy steny.

Table 106- 18
Oxygen Pulse (\."(,2 HR)

X SD N 1 P
Pretest 218 38 6
COR Test 246 23 10 1.634 N.S.
SPT Pretest 371 2.4 4
Test 37.2 2.2 11 .073 N.S.
PLT Pretest | 224 59 6
Test 23.9 2.2 11 .600 N.S.

N. S. - Non-significant

Table 1019

Systolic Blood Pressure at 2.01/min

X SD. N t P
CDR Pretest | 1723 108 6
Test 172.8 956 11 085 N.S.
SPT Pretest | 1441 53 4
Test 163.0 7.7 11 2526 p>0.05
PLT Pretest | 175.2 16.1 6
Test 188.1 5.5 7 1871 NS

N. S. - Non-significant

5. Heart Rate - Systolic Blood Pressure. The
relationship between heart rate and systolic blood
pressure was one relationship studied during Apollo
pre- and postflight exercise studies. This usually
highly significant correlation averaged .9819 * .098
for 47 SMEAT tests. Table 10-20 summarizes the
systolic blood pressure at a projected heart rate of
160 beats/minute for the three crewmen during the
pretest and test periods. There were no significant
changes during the summarized periods.
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Table 1020

Syvstolie Blood Pressure
at a Heart Rate of 160 Beats/Alin

X SD. N t P

COR Pretest | 181.9 27.2 6
Test 2094 158 10 2.258 N.S.

SPT Pretest | 1948 159 4
Test 209.6 7.6 11 1,789 N.S.

PLT Pretest | 2029 320 6
Test 199.7 144 7 226 N.S.

N. S. - Non-significant

Crew Personal Exercise

Regardiess ol deconditioning trends, the higher
the initial fitness  (acrobic  capacitv), the more
physiological reserve there is available to do a given
amount of work. The missing data pointand the one
which prevents the enforcing of minimum fitness
levels s the lack ol obvious correlation between
acrobic capacity and nondeteriorating physiological
adaptation 1o space flight a~ measured by the
response 1o exercise pre- and postilizht  dunng

Apollo,

Recommendations for an exercise program were
formulated by the Principal lnvestigator of L xperi-
ment AT L For SMEAT, the exercise approach used
was exsentially that planned for Skylab. The SPT was
verv familiar with fitness programs and desired (o
structure his own program. Fixercise programs con-
sidered  adequate o maintain {ithess levels  were
recommended to the COR and PLT.

The recommended exercise programs were nol
carcfully followed by the crew nor were atlempts
made o determine i recommended evels were
acceptable. Post-SMEAT,  the  erew assessed  the
recommended programs as inadequate. A review of
exercise fevels showed that both the CDR and PLT
changed to new exercise levels appareatly considered
by them o be more appropriate.

During SMEAT baseline data analysis, it was
necessary to eliminate the first several VT euns for
the CDR and PLT because waining resulted i a

changing fitness level, This should be avoided during
Skylab where erew time avatlable for exereise i at a
preminm and the total number of baseline tests will
be hmited.

Table 10:21  summarizes  the  crew  personal
exercise levels and how these compared with calorie
intake. From these data it i~ apparent that aclvity
tevels should e more  adequately  planned  and
followed i order o be sure that sufficient calorie
input is provided.

Avother problem area was the failure of the
bicyele ergometer Joad module, 1t is felt that the
bicyele ergomeler is the only adequate exercise deviee
availuble during Shyvlab and that it should not have
any performance limitations. To restrict jts use could
seriously impact the ability of Skylab crews 1o olitain
sufficient cardiopulmonary exercise,

Discussion

The SMEAT version of the MI71 study proved (o
be a very beneficial aspect of development of the
experiment for the Shylab Program. The funetions
evaluated  were the  following: (1) Baseline  data
wathering, (2) Crew procedures, (3) Hardware per-
formance, (4 Physiological effects of the Skylab
atmosphere. (5) Data handling procedures. and
(0) Crew personal exercise on the bicyele ergometer.
The following paragraphs summarize these important

points in cach of these areas.

Baseline Data Gathering

The object of the baseline data activity s to
provide a  population of numbers from  which
>(uli.\'li('u_| conlidence  levels can e determined.
Without this conlidence mterval, it is impossible to
determine with any objectivity whether signiticant
changes oceur during the inflight period. This proved
o b g problend during SMEAT beeause of equipment
anomalies, erew  training  sessions,  and  most
important, the mitial lack of a repeatable respons:.
This latter problem was a training effect, and, because
of it, the first two ba~cline runs for the CDR and PLT
had to be eliminated. The SPT was famibliar with
bicyele ergometry and demonstrated a more table
fitness level with no training effect. However, becanse
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SMEAT provided an opportunity for rescheduling
runs, sulficient data coukd be obtained for adequate
statistical considerations, Had this not been possible,

the test objectives could not have been met,

Table 10 21

SMEAT Free Tine Fxereise

ENPERIMENT MITL

Table 10 21 (Continued)

SMEAT Free Time Fxereise

Watt-Minutes

10-13

Watt-Mlinutes

Test Day CDR SPT PLT
1 0 0 0
2 2526 10000 (4]
3 1623 2672 1762
4 2598 8285 | 3343
5 o] ] o]
6 1474 2734 1781
7 4357 0 4352
8 1555 11075 | 4500
9 297 10293 292

10 458 10500 | 5004
1" 4553 11600 0

12 1518 2703 1811
13 3265 18300 | 5000
14 4570 15250 | 5000
15 292 21294 298
16 5225 0 $500
17 0 16125 | 5000
18 1516 2703 1807
19 5210 16750 5002
20 5313 19175 | 5500
21 296 11525 291
22 5362 19750 | 6000
23 5252 17250 | 6000
24 1543 24851 1803
25 5300 11850 | 6000
26 5303 0 1799
27 1491 16725 | 6250
28 0 6620 6500
29 5329 17691 6500
30 1498 2733 1793
31 5330 18375 | 6780
32 5400 19450 | 6780
33 0 0 0

34 4812 6655 5500
35 5006 20425 | 5500
36 1482 8742 1810
37 5205 15200 | 5500
38 5265 14306 | 5500
39 0 12933 0

40 5930 0 0

41 6040 9660 | 6040
42 1514 4455 1807
43 1497 9750 1813
44 2084 11428 | 5200

Test Day CDR SPT PLT
45 0 10500| S000
46 6000 9000| 5000
47 13500 8000 6000
48 6000 15280 6000
43 6000 8500 6000
50 8043 152801 6000
51 ¢} 0 8100
52 1702 9240] 6500
53 6000 30000 0
54 1513 2739 7205
55 7511 2689 7000
56 6000 15000} 5000
Total Work {watt min.) 189560 594161§210757
Total Work (watt min/day) 3385 10610 3763
Total Work (BTU/day) 192 603 214
Metabolic Expenditure 768 2412 856
Assuming 25% Efficiency
BTU/day 768 2412 856
BTU/hr 32 100 36
K cal/day 194 607 215
Energy Expenditure
Caloric Intake
K cal/day 2902 3527 3102
Caloric Equivaient of Weight
Loss Assuming Fat Metabolism
K cal/day 188 672 102
Total Energy Expenditure
K cal/day 3090 4199 3204
8TU/hr 510 694 530

Crew Procedures

On the basis of the SMEAT experience, crew
procedures have been optimized o permit proper
sctup and execution of Fxperiment MIT1 in Shylab.
Final hardware modifications may dictale  some
change, but no scrious problems are anticipated.

Hardware Performance

The following comments reflect our most recent
understanding  of  the  performance  of  specific
hardware.

Bicycle Ergometer. Posttest analysis of the bi-
eycle ergometer load module failures has indicated
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improper assembly procedures were at fault. Other-
wise, the unit performed satistactorily. However, its
upper tolerance limit is still in question.

The heart rate control portions of the ergometer
malfunctioned in two ways. First, the indicated heart
rate was low by approximately ten beats/minute. This
has been traced to a potential calibration problem in
which the width of the calibration pulse affects the
average heart rate value.

The second malfunction was the apparent lack of
proper control in the heart rate mode. In posttest
evaluations, the unit functioned properly. The in-test
difficultiecs may have been the result of procedural
problems.

Metabolic Analyzer. Although minor anomalies
were identified and have been corrected, there are
still several important items outstanding. Carbon
dioxide production is measured significantly high.
This problem is thought to be associated with the
carbon dioxide sampling, measurement, and/or cali-
bration of the mass spectrometer. Testing performed
by the manufacturer disclosed no influence on carbon
dioxide measurements by water. Therefore, the high
carbon dioxide levels are not attributed to calibration
procedures. Design changes have been initiated to
provide an improved calibration technique.

The measurement of water vapor pressure is in
error and impacts  the  correction of respiratory
volumes to standardized conditions. Testing by the
manufacturer verified that a high gain was being sel
during water calibration.

The vital capacity measurement capability of the
metabolic analyzer is suspect due to the low values
observed at 5 psia. This results from a spirometer
triggering problem and/or respiratory valve leakage
identified by the SMEAT crew. This latter anomaly
could not be repeated at 14.7 psia and therefore is
cither a reduced pressure phenomenon or due to the
measurement technigque utilized at 5 psia,

Blood Pressure Measurement System
(BPMS). The performance of this system has been
discussed in detail. On first impression it appeared
that there were an unacceptably high number of bad

data points. However, even though there was more
variability than desired, the postflight analysis of the
data has shown that long term trends in systolic
pressure should be detectable after obviously errone-
ous values are cdited out. This will be possible
because of the large number of data points and the
regression techniques used for evaluating the data. It
will probably be impossible to cvaluale diastolic
pressure changes in detail, but this measurement has
historically been difficult.

An additional problem was that the same subject
showed increasing diastolic pressures one time and
decreasing diastolic pressures the next time at the
same exercise stress. A considerable improvement in
blood pressure data would be realized if the crewman
were to remove his arm rom the handlebars during
the measurement period.

Body Temperature Measuring System
(BTMS). This system was originally designed to
measure body temperature in the ear canal but.
because ()f'fi(ling problems with some crewmembers,
it was changed to an oral measurement,. The system
appears to function properly except that the response
time is longer than desirable. However, for the
intended pyrpose (to detect a fever), it should be
adequate.

Vectorcardiogram (VCG). This system was used
to measure heart rate only and it functioned
satisfactorily.

Physiological Effects of the Skylab Atmosphere

Utilizing primary andfor backup mecasurement

techniques (i.e., Douglas bags), no adverse physio- ‘

logical changes have been observed which could be
aseribed to the sinulated Skylab  atmosphere or
conditions,

Data Handling Procedures

A total data flow system was developed and
checked. This system, with minor modifications,
should be adeguate for Skylab.

Personal Exercise

The bicycle crgometer is an excellent device for
crew personal exercise, but design constraints may
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fimit its ultimate usefulness. There was a problem in
defining adequate crew personal exereise programs
for those crewmen not  familiar  with  bicyele

(‘I';{ll”"'l('l' 1‘xn'r1:isv.
Conclusions and Recommendations

This test dentified several hardware/procedural
anomalies which had to be satisfied (cither through
hardware madilications or procedural changes) prior
to a successful implementation of the actual inflight
activity. The most important of these were: (1) 'Tac
metabolic analyzer measured carbon dioxide produc-
tion and expired water too high; (2) The ergomater
load module failed under continuous high workload
conditions: (3) A higher than desirable number of
crroncous  blood  pressure measurements were
recorded; (1) Vital capacity measurements were un-
reliable; and (3) Aunticipated crew personal exercise
needs to be more structured.

A review of the results of this experiment
prompts the following recommendations:

. Contingency scheduling should be planed in
advance for possible additional bascline runs.

[

0.

These would be utilized only alter evaluation
of available data proved that an madequate
baseline sample had been obtained.

The vital capacity  measurement should be
elimmated as an millight requirement.

The postexereise hody temperature incasiere-
ment should be ehiminated and the preexer-
cise  measurement  interval  standardized  at
three minultes,

Computation ol metabohic effectiveness by
use of hoth inspired and expired volume
measurements  (Mode 1) should  be
reevaluated.

Baseline data should be obtained on the first
two Shylab flight crews at 5 paia utilizing the
actual flight hardware,

The Skylab flight erews should investigate the
feasibility of removing the fefthand from the
handlebar during  the blood pressure mea-
strement period.

A more definitive estimate of anticipated
crew personal exereise parameters should be

obtained.
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As a result of medical observations during the
(1S, and USSR, manned space flight programs, it is
now known that complex physiological changes have
occurred in crews returming from  space missions
(Berry, 1970; Balakhovskiy etal, 1971). These
changes have been associated with severe intetlectual
demands and exacting mechanical tasks, acceleration,
weightlessness, sleep loss, changing circadian rhythms,
confinement, relative inactivity at some times and
periods of high physical activity at others, and
alterations in cabin atmosphere composition. There is
an urgent need to study the physiological changes in
exact and mechanistic terms. The changes must be
precisely  documented  with respect o magnitude,
time-course, and direetion. Underlying mechanisms
must be ascribed to these changes in order to assess
man’s ability to withstand long duration space flight
and the need for countermeasures,

The Skylab Medical Experiments Altitude Test
provided the opportunity to examine the elfects of
space fhght conditions in the presence of gravity. In
particular, it allowed the collection of baseline data
on men from the same population as the Skylab
crews under conditions expected to occur during the

Skylab flights.

The experiment reported in this scction was
designed o measure the biochemical  changes in
endocrine and metabolic physiology of the SMEAT
crewmen in the following arcas:

I. Fluid and clectroly te balance.
2. Regulation of calcium metabolism.
3. Adaptation to the environment.

4. Regulation of metubolic processes.

Experimental Protocol and Methods

The study included the collection of urine into
daily 24-hour urine pools commencing 28 day« before
chamber ingress, continuing throughout the chamber
confinement, and for I8 days after egress. The urine
was cooled during the collection to 4°C. Fach
morning, the previous day’s urine pool was received
in the laboratory and stabilized. The in-chamber
collections were performed with specially designed
urine collection devices. The SPT used a prototype of
the actual svstem designed for inflight Skylab use.

This study encompassed 104 days of urine
collection, resulling in 312 separate 2+-hour urine
pools. Data from eight percent of these samples were

The Principal Investigator would like to thank Drs. Philip Johnson, John Potts, Bonnalie Campbell and Myron Miller for their
scientific consultations. Additionally, the following individuals are responsible for the conduct of the analysis in this report:
Margaret Patton, Libby Troell, Vernell Fesperman, Dorothy Hatton, Sylvia Wilson, Sandra Seals, Charles Shannon, Richard
Long, Theda Driscoll. Karen Windler, Karen Swensen and Lee Bertram. Special acknowledgement is made to W. C. Alexander,
Ph.D.. for the superb support by the clinical labosatories during this experiment. The sample collection logistics were assisted

by Dr. Edwin Smith.
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not uscd in the statistical caleulations due 10 known

or suspected urine loss,

Analyses conducted on the 24-hour urine samples
included antidiuretic hormone (ADU), aldosterone,
hydrocortisone,  total  17-hydroxycorticosteroids
(7 OHCSY, total and fractionated  17-ketosteroids,
amino  acid  exeretion patterns. cpinephrine  and
sodiunt. chlornde,

nurrpinrphrinv, potassiunt,

osmolality and ereatinine.

Fasting bood samples (Tan) were drawn 21,
[+ and 7 day= before and on the morning of chamber
ingress. Similar samples were drawn eight tmes
during the in-chamber phase on day~ 30. 32,41, 48,
35, 04, 75, and 83, The postehamber blood samples
were  drawn  immediately  after egress. theee and
fourteen davs later. For this experiment, the blood
volumes for pre- and postchamber analysis were
25 ml and the in-chamber plasma sample averaged
275 ml. Sodium and hithinvm (EDYTA) were used as
the anticoagulant.

The plasma  samples  were  analyzed  for

angiotensin 1. aldosterone, adrenocorticotrophin
hormone (ACTH), hydrocortisone, insulin, glucose,
bhuman  growth  hormone.  thyroid  stimulating
hormone,  thyroxine, osmolality . parathormone
("I, calettonin, vitamin D, blood orea nitrogen,
creatinine, and the electrolytes: zodinm. potassium,

chloride, calciun, phosphorus and magnesium.

Radionuclide studies were performed to obtain
measurements of the following body compartments:
total body water, extracellular fluid. and plasma
volume. Total body exchangeable potassium  was
measured postchamber.

Body mass was measured daily with water and
nutrient intake. Deviations in temperature  and
pressure and changes in the degree of phy sical activity
and the occurrence of provocative cardiovascular
testing (LBNP) were examined in relation to changes
in plasma and urinary concentrations of the spectrum
of chemical parameters of interest to this experiment.

Since large individual variation among crewmen
has been a constant finding during the Apollo

program, cach man served as his own control by
comparing the in-chamber and postchamber data with
the prechamber control phase.

The urine data have been grouped into periods of
cqual duration for analysis of variance (Snedecor,
19560). When significant changes were detected, a
Tukey rank test was applied 1o establish period
variation.  The  prechamber  plasma data were
compared by an analysis of variance. The mean
was obtained from values which did not differ and
they  were compared to the in-chamber and post-
chamber results for pereent change,

Results and Discussion

Fluid/Electrolyte Balance

A negative water balance has resulted in some
body weight loss of the crews returning from space
flight with a rapid regain of a portion of the lost
weight within the first 24 hours (Leach et al., 1972).
Table 11-} gives the mean six days weights for each
crewman. These data were grouped for six days to
coincide with  the dictary cyeles. There were no
significant variations in the PLT, a trend toward <light
deereases in the CHR | and significant deereases in the

SPT (p<001),

The SPT's weight loss evidently resulted from a
caloric deficit aceentuated by physical activity and is
not related to chamber exposure. The maintenance of
weight in two crewmembers, together with relatively
constant water ntake, lends eredence to the belief
that weight losses observed on the US, and USSR,
space flight crews may be only partially related to
caloric deficits.

The hypothesis that electrolytes are lost with
fluid changes 1< substantiated by a detailed
examination.  The urine and  plasma  levels,
summarized in Tables 11.2 and 11-3, reveal slight
variations in blood electrolytes for the pre and post
phases of this study. Serum sodium demonstrated
variation from 0.1 to +2.8 percent. These are not
considered to  be  significant.  Polassium  varied
significantly during the control period with the
variations oceurring on days2 and 9. In  the
postilight potassium  was

immediate sample,
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Table 11-2

Serum Plectrobly te Results

(meqg/l)

Prechamber Means

Sodium 1404
Potassium 3.8
Chioride 105.5

Postchamber
Date Sodium fPercent Change Potassium Percent Change Chloride Percent Change
9-20 141.3 t 0.6 3.7 - 26 106.3 +0.8
9-21 140.0 0.3 a0 + 53 104.7 -08
9.25 1443 +28 4.2 + 105 108.7 +3.0
10-5 140.3 -0.1 40 + 53 108.3 +2.7
Table V13

U rinary Electroh te Coneentration-

meg/volume

Sodium Chloride Potassium
CDR SPT PLT CDR SPT PLT CDR SPT PLT
I3 IRE 128 135 143 108 114 122 72 73 69
SEl 2 131 148 152 108 123 134 88 75 73
£ | 3 156 128 140 124 102 132 83 73 84
4. 157 143 167 132 123 148 82 73 75
5. 153 128 169 126 114 149 83 75 82
.| s 142 105 154 114 89 139 78 80 76
ig 7. 148 15 152 115 91 135 80 73 75
5| s 133 118 162 112 96 143 71 73 77
Sl o 154 143 156 125 114 137 78 70 72
£ |o. 161 131 176 105 110 153 81 72 82
11, 163 135 169 132 106 136 86 79 86
12, 157 114 157 139 78 134 87 71 75
. B3 123 89 157 98 71 126 68 51 72
§ E |14 144 110 160 134 93 140 83 65 80
£ |15 118 106 146 104 90 129 71 81 75

Sodium FA = Between Treatments P = .025 2.4864
FB = Between Men PL 001 24.2233

Chioride ) FA = Between Treatments 1.8710 P 10
FB = Between Men 39.4455 P <.001

Potassium} FA = Between Treatments P =.025 2.5055
FB = Between Men P< 005 77318

v, 1200 and 5.9 percent. Serum chloride was

1y

decreased by 201 pereent from the prechamber mean
and then inereased for the following hlood samples inervased on davs 90 and 99, The greatest inerease,



BIOASSAY OF BODY FLUIDS

which occurred on day 90, was consistent with the
increase in sodium also observed on that day. The
urine  clectrolyte data exhibit significant variation
among the crewmen; however, only potassium varied
signilicantly dor the group between the in-chamber
and postchamber values, with the first postflight
period demonstrating the lowest potassium excretion
values. This coincides with the decreased  serum
potassinm  obsened  on day 85, This sight but
significant potassium change has been noted after
other hypobaric studies (Katchman et al., 1967 Gee
etal., 1968). [t bas been attributed to dietary factors
by one author but may be more appropriately related
to other metabolic and endocrine control mechanisms

as discussed in this section,

in order to examine more closely the control of
sodium and potassium metabolizm, the sall retaining
hormone aldosterone was mieasured in combination
with the peptide angiotensin which ix responsible for

the primary control of aldosterone secretion from the

-
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adrenal  cortex. These  data  are  summarized  in
Table 11-4,

There is a slight trend toward an increase in
urinary aldostesone during the periods after chamber
ingress with the fifth and sixth periods varying
sirnificantly from the pre- and postechamber phases.
Angiotensin 1, a direct measurement of renin activity,
shows overall dight increases from the preflight
control period during in- and postehamber sample
periods. This inerease was noted in all three crewmen,
The CDIROs data exhibit abnormally elevated values
periodically, and the exact reason is not yet apparent.

The two erewmen on Gemini 7 showed increased
urinary  aldosterone  excretion during  the  flight
(Lutwak ctal., 1909). Data from crews of the Apollo
missions also  suggest that aldosterone i elevated
during weightlessness (Leach et al. 1972), The results
reported herein are probably not related to dictary
sodium or potassium since the intake of hoth of these

clectroly tes remained constant,

Table 11--4

Sodium Control Mechanism Results

Aldosterone F A = Between Treatments
B = Between Men

Urinary Aldosterone
ug/tv Plasma
CDR SPT PLT Angiotensin |
m/ug/mifhr
é 1 39 44 59 Prechamber Mean = 0.58
= 2. 6.7 44 50 In-chamber
[4 3. 5.2 34 4.4
& Percent
Date Means Change
4, 6.5 6.0 89 7.20 1.08 + 86.2
5 122 59 104
8-7 2.74 +372.4
- 6. 8.9 7.6 10.9
8 7 71 59 74 8-14 1.26 +117.2
[3 ’ : ’ : 8-22 1.65 +184.5
& 8. 6.2 5.5 6.6
-5 9 P 45 5.9 8-31 0.99 + 70.7
€ ’ ' : ' 9-11 4.69 +708.6
10. 7.6 6.3 87 918 208 +258.6
41 3.7 6.8 5.6 ’ ’
12, 1 : .
5 49 43 Postchamber
B 9-20 1.90 +227.6
5 13. 4.1 3.3 4.9 9.21 0.79 + 36.2
5 | 14 5.7 3.5 45 9.25 1.38 +137.9
’g- 15. 75 6.9 7.7 10-5 1.23 +112.1
a

6.8278 P <.001
6.7518 P .005
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There are reports of electrolyte changes due to
hypobaric chambers exposure  (Katchman et al.,
1967). However, the magnitude of those changes, as
well as the ones in this study, is much less than the
magnitude of the changes reported from space flight
(Leach et al., 1972). There are several factors which
influence the adrenal secretion of aldosterone
(Muller, 1971). Among these are potassium ions,
related monovalent cations, angiotensin, serotonin,
and ACTH. All but the last one acts directly on the
production of aldosterone.

It is not possible to discuss changes in electrolyte
metabolism without studying the control and
disposition of body water. The data pertinent to this
Table 11-5. There were

area are summarized in

SKYLAB MEDICAL EXPERIMENTS ALTITUDE TEST

significant differences during the eighth and ninth
in-chamber periods and the last postchamber period
with the remaining periods in urine volume and ADH.
Neither urinary nor plasma osmolality varied
significantly throughout the study. The in-chamber
increases in AD!! with concomitant decreases in urine
volume occurred at the time the temperature was
increased within the chamber.

The reaction of the central nervous system to
conserve water during elevated temperature exposure
is well documented (Strauss, 1957). The response
postchamber is  related the environmental
temperature outside the chamber. Table 11-6 shows
the body fluid volumes measured during SMEAT.
Except for plasma volume, all other volumes were

to

Table 11-5

Urine Volume Data

Urine Volume ADH Osmolality
mi m Units/tv m OSMO
CDR SPT PLT CDR SPT PLT CDR SPT PLT
‘_g 1. 2546 1967 1497 14.0 10.2 11.0 378 655 516
g § 2. 2103 1667 1910 10.8 1.9 10.9 392 577 512
£(3 2426 1483 1691 5.0 4.8 81 341 569 435
4 2745 2080 1848 19 6.5 9.1 326 428 458
5. 2874 1904 2024 9.0 10.8 15.7 313 462 457
.l6. 2615 1646 1820 12.0 7.9 10.2 3N 626 500
1R 2372 1626 1488 12.4 7.4 122 362 590 597
g 8. 2162 1251 1394 54.6 28.7 17.8 380 639 579
‘é’ 9. 2365 1825 1418 21.1 47.5 19.7 368 748 577
=110. 2369 1932 1905 18.2 30.8 14.9 336 429 476
1. 2756 1929 1757 7.7 5.3 34 346 a3 490
12. 2863 1653 1786 29.7 3.9 18.1 348 469 631
- “g 13. 1940 1408 1816 20.1 10.2 9.6 470 547 530
8 g 14, 2526 1578 2039 18.6 15 10.3 344 629 456
& 5 15. 1983 1128 1590 15.0 8.2 9.6 403 722 492
Urine { FA = Between Treatments 3.7853 P <.005 Serum Osmolality
Volume FB = Between Men 78.8081 P<.001 m OSMO
ADH { FA = Between Treatments 3.2267 P <.005 P'”:;’;;;“:‘;E'E;%‘
FB = Between Men 1.6416 P<L.25
Percent
. FA = Between Treatments P= 025 2.3272 Date Means Change
Osmolality { FB = Between Men P<.001 480314
: - 920 2860 -0
9-21 286.0 -0.1
9-25 285.7 -0.2

10-5

282.7

-1.3
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decreased during the mission. When the volumes are
expressed as milliliters pee Kilogram of body weight,
there is an inerease i all volumes exeept interstitial
fluid. This indicates that the decreases in the volunmes
are a result of the  weight  deerease of  the

crewmembers,

Fean  body  masxs  decreased  m all  three
crewmembers: however, the decrease e lean body
mass was small compored to the loss of lipid
contaiing tissue shown by SPT and the increase

shown by CDR.

Total  body  exchangeable  polassimm was
determined  immediately after chamber cgress and
again fourteen days later (Table 11-7). There was no
significant change in the results of this determination.
Total body exchangeable potassium represents about
90 pereent of the total body potassium.

Table 11--7
Total Body Fxchangeable Potassium

IIN“]/ h/kg Body Weight

CDR SPT PLT

ASAP 418 41.0 47.2

R+ 14 428 40.3 48.5
Total meq

CDR SPT PLT

ASAP 2938 3596 3974

R+ 14 3032 3562 4074

The body  Nuid  changes  were small and
proportional  to  the  change in body  weight
experienced by the crewmembers during the mission,
Since this was a | genviconment, the fluid shifts
associated  with weightlexssness would  not be
expected. The large weight change expenienced by the
SPT appeared to have been fat ¢ 29.2 pereent) with a
relative increase in fean body mass (+4.9 pereent).
This indicates a degree of physical conditioning
associated with his weight loss since a weight loss due
only to caloric restriction should have produced an
equivalent change in percent lean body mass.

Fluid and electrolyte changes have been shown in
actual and simulated space fMights (Glen & Shannon,

1966). The results indicate that the environmental
conditions of this chamber did provoke changes,
particularly when the  temperature was elevated.
However, the  changes  reported  here  are not
comparable to those reported  from the U8, and
U.S.5.R. manned spacr flights,

Regulation of Calcium Metabolism

One of the more significant threats to the health
of space [light crews during long-term exposure to
weightlessness flight is regarded to be alterations in
calcium metabolism (Hattner & MeMillian, 1908).
Studies  with subjects at bed rest indicate  that
exposure o reduced gravitational stress would result
in an imbalance bhetween bone formation and bone
restoration (Deitrick et al., 1948). For this reason.
the hormones which alfect caleium levels in the blood
were analyzed. These were  parathormone (111,
caleitonin, and vitamin 1),

The I"IH results are shown in Table T1-8. There
were no simificant changes in the plasina levels of
this hormone in any phase of the expeniment. All of
the caleitonin results remained below 70 pg/ml which
is the level of deteetion of this assay (Dettos, 1971).
It can be assumed. therefore, that there were no
physiologically  significant  increases in plasina
calcitonin concentration during the study. Vitamin )

also demonstrated no changes from baseline,

Although a possible effect on calcium metabolizm
ol the SMEAT environment was a primary molivating
factor in the conception of the SMEAT Program, it
was not anticipated that this alteration would be large
enough to manifest itself in significant and prolonged
negative calcium balance. These findings have been
verified, and it is believed that the constancy of the
caleium/phosphorus balanee o this study provides a
stable baseline for the interpretation of the Shylab
calcium balance experiment.

Adaptation to the Environment

Space flight of long or short duration meludes a
wide range of types and intensities of stress stimulh,
Almost all components of the endocrine system
respond to stress. By studying this system. the carliest
reaction of man to stress, as well as the intensity of
the neuroendoerine response, can be determined. For
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Table 118

Plasma Parathormone Results

CDR SPT PLT

—_— = Heparin —
6/29 < 042 < 042 < 042
. *+v000 *+000 *-+000
31 we < 042 < 042 < 042
§ t.000 t-000 *+0.00
o | 113 0.62 0.49 0.69
< 008 t-o001 X+013
7125 < 0.42 0.54 0.54
*.000 *+012 * o008

- EDTA -
727 N.S. N.S. 0.96
* 0.03
7/29 1.07 1.37 1.21
* 003 * 004 * 012
8/7 1.57 1.20 1.22
- * o050 * 02 * o03
21| 8na N.S. 1.24 1.00
§ * 008 * 006
S | 8/22 0.90 1.06 1.06
= * 007 % 016 * o024
8/31 1.58 1.05 0.97
* 029 % 002 % o008
9/11 < 064 < 064 < 064
*«000 *+rp000 *ro000
9/18 082 < 064 < 064
* 000 *-+000 *+000

- - Heparin —_——
9/20 < 064 0.77 0.79
N *+000 * 008 * 015
2| o < 064 065 < 0.64
E *+000 X o001 *«0.00
S| as2s 0.73 077 < 064
S * 008 * 003 *+000
10/5 0.70 067 < 064
* 006 * 002 *-o000

< — * maans all replicates undetectable
N. S. indicataes no sample

consideration of the physiological cost of maintaining
existence  in the  chamber  environment, the
sympatho-adrenal medullary and the pituitary-adrenal

axis secretions were studied. For this purpose, two

groups of hormones were assaved and the results are

given in Table 11-9 (a and b).

Plasma ACTH was clevated in the pretest period
once. Excluding those data for the anabysis, all of the
in- and  postchamber samples exeept the  first

in<chamber  sample were  significantly  deereased
(average HO pereent). Plasma free hydrocortisone was
slightly elevated during this study. The range for this
clevation was from T to + 32 pereent. These results
agree with the concept of a negative leedback control

between the adrenal and the anterior pituitary

The urinary steroid data demonstrated changes in
several arcas. Hydrocortisone exeretion was decereased
below  control values for the ~wventh and vighth
chamber periods and the postchamber results also
differed from the prevalues. The total 17 OHCS
showed slight decreases throughout the chamber and
post periods. There apprar 1o be two reasons for the
decreasing trends in the urinary excretion of the
glicocorticoids. First, the prechamber phase urinary
steroid levels may have been elevated due o the
anticipatory stress of the study. The second reason
may be the decreased excretion of these compounds
in a hypobaric enviconment. This was reported on the
one flight experiment for which there were urine
samples returned for analvsis, and similar decreases
have been reported in various altitude testing (Ulvedal
et al., 1963). It is thought that these changes reflect
decreased metabolism of the sterowd compounds.

The total and fractional ketosteroid data were
grouped on a seven-day basis for statistical treat-
ment. The analysis of variance for these data is
shown in Table 11-10. This analysis substantiated
the  individual variations  which  have been
demonstrated in most other areas. More impor-
tantly, etiocholanolone, 11 = () etiocholanolone and
the  total  values significantly  (p< .05)
between  the week in the
chamber, with a definitr decrease after chamber

vanied
pre-weeks  and  first

Ingress.

Decrease in total steroid excretion has  been
linked to hypobaric exposure (Ulvedal et al., 1963).
However, the decrease in one particular steroid in the
metabolism of the ketosteroids has not been shown
before this experiment. This decrease may be of
shifts  evidently

importance in  the enzymatic

occurring at the glandular level.
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Table 11--9a

Pituitary Results

ACTH Hydrocortisone
pg/ml Mg/100 mi
Prechamber Mean: 63.7 Prechamber Mean: 15.3
Percent Percent
Date Means Change Means Change
Chamber Chamber
7-29 61.0 - 4.2 15.5 + 1.3
87 32.8 — 485 23.2 +51.6
8-14 255 - 60.0 14.3 - 65
8-22 293 — 54,0 131 —14.4
8-31 30.4 - 523 19.2 +255
9-11 421 - 339 211 +379
9-18 321 — 49.6 20.3 +32.7
Postchamber Pastchamber
9-20 309 —51.5 219 +43.1
9.21 20.1 - 68.4 17.7 +16.7
9-25 25.4 — 60.1 17.3 +13.1
105 331 - 48.0 19.8 +29.4
Table 11 --9b
Urinary Adrenal Cortical Results
Total 17-Hydroxycorticos-
Hydrocortisone teroids
Mg/t mg/ty
; CDR SPT PLT CDR SPT PLT
.2 1. 73 81 117 8.8 12.4 11.6
5 g 2. 83 139 89 8.7 9.9 12.7
5 3. 83 108 79 8.1 10.1 115
4 71 82 81 8.5 9.3 8.6
5. 85 97 88 8.6 8.9 109
- 6. 54 61 65 8.4 7.8 98
é 7 47 66 37 7.6 7.6 6.6
s 8. 42 52 47 5.9 6.5 6.2
g 9. 61 n 61 7.6 B89 6.8
= 10. 56 95 78 8.8 9.5 8.9
1. 79 96 79 10.1 6.8 6.2
12, 83 77 76 10.5 59 8.9
.8 13 80 7 75 45 6.4 6.5
SE | 14 52 60 48 5.9 7.0 7.3
€ 15. 76 75 62 7.0 7.4 10.3

F8 = Between Men

Hydrocortisone {FA = Between Treatments

Total
17-Hydroxy- {FA = Between Treatments

corticosteroids

FB = Between Men

54037 P<.001
6.2775 P =.005

35910 P<L.005
1.6622 P=.25
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Table 11--10

17-Ketosteroids: Two Way Analysis of Varianee

Fao Fogs Fs  Fogs
Pregnanediol 1.24 39.76 ‘
Androsterone 1.25 22.59 .
Etiocholanolone 4.90 * 141.76 *
Dehydroepiandrosterone | 1.27 3.55 .
11=0 Etiocholanolone 5.85 * 20.96 *
Total 3.2 . 42.17 .

The second group of hormones, generically called
catecholamines, is represented by the substances
epinephrine or norepinephrine which are secreted in

The results of the analysis of these hormones reveal
significant changes among the periods, as shown in

Table 11-11.

Both catecholamines were consistently higher in
the CDR. is wrine also  demonstrated  frequent
the
epinephrine. The SPT exereted inereased amounts of

decreases  in ratio ol  norepinephrine 1o
norepinephrine beginning before the chamber ingress
and continuing throughout the exposure. The PLT
demonstrated normal excretion of the catecholamines
with minor incidence of increases, Studies on the
effect of hypobaric chamber exposure on the urinary
excretion of epinephrine and norepinephnine and
steroids  are inconclusive  (Ulvedal, etal,, 1963).

However, it is considered that epinephinine excerelion

response to immediate short-term stress situations, is elevated in mental or emotional strain while
Table 11- 11
Urinary Catecholamines
Myl
Epinephrine Norepinephrine

.é CDR SPT PLT COR SPT PLT
£ 1. | 528 | 14. 398 | 820 | 700 | 631
& 2 | 423 | 11s 247 | 683 | 669 | 359
3. 35.1 135 258 616 60.5 428

4, 495 99 258 69.3 78.3 57.6

5. 42.8 255 38.4 74.4 825 43.0

6. 53.3 15.3 309 848 88.0 50.6

2 7. 621 293 299 65.6 73.7 440
E 8. 48.7 223 277 49.7 658.4 309
g 9. | 467 | 215 25.2 53.3 636 | 267
B 10 | 218 14 217 55.1 536 | 41.1
11. 46.7 121 265 52.7 66.8 344

12. 476 17.6 335 56.0 66.6 32.7

g 13. 449 11.4 233 70.0 63.9 46.5
5’ E |14 315 11.6 200 7758 64.5 485
S 15. 42.7 14.1 221 87.7 81.2 60.7
FA = Between Treatments 35286 P <.005

Epinephrine

FB = Between Men 154 5620 P < .001

FA = Between Treatments 79418 P < .00t

Norepinephrine

FB = Between Men 809077 P < .001
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nereases nurvpim-phrim- exeretion  are  more

closely  assoviated  with physical  strains (Sudoh,

1971,

Regulation of Metabolic Processes

Assessment of overall metabolic response 1o the
SMEAT environment was based on assay of serum
fevels of glucose, insulin, human growth hormone
(HGIY thyroid  slimulating
hormone. Urinary levels of nine {ree amino acids

and thyroxine  and

completed the picture of metabolie regilation.

Glucose did not differ significantly from pre- to

postchamber: Jikewise, insulin was not greatly
changed. However, it is important 1o note on day 86
postchamber, the insulin was increased 50 pereent
and the glicose was decreased from the prechamber

mean. Changes in these parameters are considered to

‘Table 11

SKYLABMEDICAL EXPERIMENTS ALTITUDE TEST

be of primary concern for long duration missions
since bed rest, the most used analog to weightlessness.
in  glucose  utilization

does  produce alteration

(Lipman_ 1970).

Growth hormone, assessed as an indication of
nutrient utilization, did not vary significantly exeept
i the SPT on day 99 postchamber (Table 11-12),
Human growth hormone acts o increase blood sugar.
increase plasima Tree fatty acids, and fower plasma
amino acids by mcorpora.mg them into proteins
(Schalch, 1969), The significant rise i the SP7s
HGH i~ related 1o the increase in dietary protein
allotted o him al this particular phase in the chamber
lest,

Plasm and  thyroid  stimulating
hormone results did not show sigmificant changes

(Table 11-13). There were, however, trend inereases

thy roxine

12

PMlasma Biochemical Results

Human Growth

Insulin Glucose Hormone
MHU/mi mg/100 mli meq/i
Prechamber Mean: 15.5 99.2 2.8
Postchamber:
Date Means Percent Change Means Percent Change Means Percent Change
9-20 19.0 +23 91.3 -8 3.9 +39
9-21 24.7 + 59 110.7 + 12 3.7 + 32
8-25 213 +37 96.0 -3 25 -Nn
10-5 143 -8 92.7 -7 4.7 + 68
Table 11-13
Thyroid Parameters
Thyroid
Stimulating Hormone Thyroxine
sU/mi 1g/100 mi
Prechamber Mean: 53 6.3
Percent Percent
Date Means Change Means Change
9-20 48 -9 6.6 +5
9-21 45 -15 7. +13
9.25 76 +43 8.5 +35
10-5 44 -17 8.7 +38
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in thyroxine and decreases in thyroid stimulating
hormone. This trend has to be assessed in revard (o
metabolic requirements of the chamber environment,
There is evidenee that changes in space flight do
diminish metabolic requirements of the light erews

(Johnson etal, in press).

OF the 30 urinary amino acid> anahy zed nine free
amino acids showed statistically significant changes
from the prechamber o the postchamber period.

These  were as follows: phosphoethanolamine,
vlutamic acid.  alanine,  phenylalanine,  trosine,

gamma-amino butvrie acid. T-methy b histidme . and

arginine.

Changes moammo acid exeretion could result
from increascd tissue hreahdown, overproduction or
increased permeability at the eellular Tevel (Searey
196Y). cffeet  of

short-termi increases i steroid production serves Lo

Furthermore,  the  catabolic
divert amimo acids from protein synthesis and o
enhanee renal exeretion of individual ammno acids

(Zinneman et al,, 1963).

Since this i~ the first by pobaric chamber <tudy to
conzider anino acid excretion profiles, the results
must be considered in relation 1o stress, exercise and
nutrient balance, Because of the essential role of
several  trace netals in biochemical  reactions, a
spectrum of individual elements was examined lor
changes due to the chamber environment. The resalts
of the aunalysi~ by optical emission spectroscopy
confirmed earlier report~ of ndividual variations:
however, the results from  the SMEAT
compare  favorably  with  other published  reports
(Schroeder etal.. 1971). Although certain clement

excretions were dilferent at certain times, there were

Crewnien

no significant trends in alt three erewmen.

Summary and Conclusions

Body fluids were assayed in this experiment to
demonstrate  changes  which might have occurred
during the  56-day flutd  and
balance, in

chamber  study in

clectrolyte regulation of  caleium
metabolism, in overall physiological and vmotional
adaptation 1o the environment, and in regulation of

mretabolic processes.

EXPERIMENT MOTY 1-13

There was a =light but significant deerease

polassimm  exeretion  probably  related 1o shabi
inereases inurinary aldosterone and other mcetabolic

mechanisms.

Inereases in antidivretie hormone, when noted
during the chamber and postchamber periods. were
refated o environmental temperatures within and
without  the Body  fhad
senerally proportional 1o body weight losses,

I().\N',\ wer:

chamber.

No  vhanges indicative  of  altered caleium
metabolism were found. Fhe constaney of caleium
balance o this study provides a stable baseline Tor

miterpretation of Shy lab result-.

Decreases were noted in glhicovorticonds, Similar
decreases have been reportedin altitude testing and in
one space flight experinient, and these deereases are
reflect
componnds in

bhelieved  to decreased  metabolism of  the

steroid Iy pobaric  environments,
Changes i catecholamine levels are marked by a high

degree of individual variahility.

The enhanced renal exeretion of ammo acids
noted may be related to the catabolic effects of
steroid overproduction. This was the first by pobarie
chamber study to consider amino acid exeretion
proliles. und  the results mu=t he considered in
relation Lo stress, exercise, and nutrient balance as

l\'l‘”.

The results of this experiment provide a stable
background for the endocrine experiments being
the Skvlab missions. The SMEAT

version of Lxperiment MO73 will make it possible to

pecformed i

separate with anore certainty than was previously
possible weightlessness effects from other conditions
accompanying space flight. Further, the chamber test
enabled perfection of the logisties of implementing
thix very complex experiment in orbital flight.
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CHAPTER 12

SLEEP-MONITORING-EXPERIMENT M133
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The sleep-monitoring experiment proposed {or
the first two Skylab missions has heen designed to al-
low the fiest truly objective evaluation of man’s abil-
ity to steep during extended space travel. While sub-
jective report of sleeping difficulty have been made
by crews of some previous, shorter-duration flights,
(Berny, 1970y objective or quantitalive information
has been sparse. Such information is obtained only by
continuous monitoring of electroencephalographic
(FEG) and eleetrooculographic (EOG) activity during
sleep periods, and the technical problems associated
with data acquisition and analysis are considerable.
The only previous attempt to examine the EEG dur-
ing U.S. space flights was carried out during the
Gemint VI mission in 1903; technical difficulties at
that time limited recording 1o the first two sleep
periods, thereby preventing an adequate analysis of
adaptation o the weightless environment.

Sleep deprivation is associated with degradation
of performance and the severity of the pedformance
decrement generally increases in proportion to the
length of the sleep loss (Naitoh, 1969). Because
crewmembers are required 1o perform at a high level
throughout their mission, their ability to oblain a
sufficient quantity of sleep becomes an important
variable in terms of overall mission planning and in
the selection of day-to-day work-rest periods,
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The apparatus designed for the Skylab sleep-
monitoring experiment provides a complete system
for automatically analyvzing sleep during space Hight.
It includes data  acquisiion  hardware,  onboard
analysis circuitry, and real-time telemetry. During
Skylab missions, a crewmembers deep slatus s
monitored selected  eight-hour  rest

periods. Sleep-stage  information  (provided by an

throughont

onboard analvzer) is telemetered to Mission Control
where a profile of deep stage versus time s
accumulated. Analog data (FEG. KOG and head
molion) is also preserved in unprocessed form by
onboard maguetic tape recorders o atlow detailed

postilight analysis by visual and computer methods.

The information provided by the Skylah M133
experiment will clarify  whether or not there is a
problem in obtaining adequate sleep over a long
period in the weightless environment, and it will also
help o determine the best corrective measures o be
taken so that the effects on  performance  are
minimized.

The SMEAT project provided an opportunity to
test the M133 hardware system under operational and
environmental approximaling
those expected during a 56-day mission. Simulta-

conditions  closely

neously, it permitted study of the possible effects
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upon sleep of certain environmental luctors under the
infhience ol gravity | thus providing a more meaning.
ful evaluation of the effect of weightlessness during
the actual Sky lab flights.

Equipment
Description of Apparatus

The M3 hardware consists of three basic units:

1. The cap assembly [including the recording cap
with attached prefilled electrodes:

20 The

which mounts on the cap and contains

-

preamplilier/aceclerometer assembly

ump'iﬁn-n. clectroshock protection circuitry
and dual-axis aceelerometers: and
3. The controb-panel assembly  which contains

circuitry  for automatic clectrode checkout,

linal - amplification, and EFG  and  EOG
analvsis, and  which includes  dual analog
magnetic tape recorders, A block  diagram
showing the interconnections of these three
assemblics is provided in Figure 12-1. A
photograph of the actual equipment appears
in Figure 12-2.

Cap  Assembly. A\ recording cap assembly s
ilustrated in Figure 123, Electrodes are joined by
wires to the mniature electrical connector at the
verten, which permits the crewmember to attach the
preamplifice/aceclerometer assembly before the cap is
domned. The cap contains seven electrodes, therehy
providing two EEG channels (GO and Cy05), one
EOG channel (one electrode lateral to and one above
the left exe)and one ground. At the end of a sleep
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Figure 12-1. M133 automatic slecp analy sis
hardware bloch diaggram.
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Figure 12.2, M133 sleep-monitoring recording cap and
attached preamplifier (lower right), control-panel assembly
containing automatic electrode check, final amplification,
tape recorders, and EEG-EOG analysis (upper left).
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Figure 12-3. Subject wearing the recording cap
properly positioned.
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period,  the  preamplificr/accelerometer s discon-
nected, and the used cap ix discarded. A new cap s
used {or cach recording session, climinating a time-
consuming  procedure associated with care of used
clectrodes. A cross section of one recording electrode

is shown in Figure 12-1,
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Figure 12-1. Crosssection ol a pretilled sponge electrode.

As a part of the manulacturing process;, an
cleetrically conductive gel s injected  through the
clectrode’s tab into the body of the sponge through a
hollow needle until the porous structure hecomes
saturated. The needle i withdrawn and  the tip
resealed with vinyl The completed electrode is then
attached to the cap, which nay be stored indefinitely
in a metalized plastic bay.

To prepare for a recording period, the crewman
simply removes the cap from its protective bag,
attaches the preamplifier unit, and with scissor= ¢lips
the sealing tabs from the seven electrodes  as
illustrated in Figure 12-5. The cap is donned, and the
exposed portions of the electrodes make contact with
the scalp. The cap is held in place during a seep
peniod by a padded chin strap that is attached with
Velero fasteners,

Preamplifier/ Accelerometer  Assembly, Matched
pairs of ficld-elfeet transistors. providing a gain of
approximately ten, preamplify FEG and FOG signals
within this unit. A dual-axis accelerometer and
associated  preamplilicr are included for detecting
head motion in the lateral (side-to-side) and vertical
(up-down) axes. The amplified signals pass through a
four-foot cable (Figure 12-2) 1o the control-panel
assembly which provides final amplification of the
signals.



12-1 SRYLAB MEDICAL EXPERIMENTS ALTITUDE TEST
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Figure 12-5. Sequenee followed m preparmg
an clectrode tor recording.

Cirenitny within the preamplifier/accelerometer
assembly also provides electroshock protection for
the subject. Fach electrode lead s actively pn)lvrln-d
against current flow i exeess ol 200 g\ (preak).

Control-Panel
assembh s monnted on e wall of the sleep

tssembly. The  control-panel

compartment within casy reach ol the subject. Front
panel controls include the power witch, a mode-
selection switeh, taperecorder selection switch, and a
subject  gain-factor  potentiometer. The  circuitry
accomplishes  automatic signal  amplification.
clectrode  testing, and data analy s, and  provides
outputs to the two attached analog magnetic tape
recorders and o the spacecralt telemetry sy stem.

The clectrode-cheek section performs automatic
testing of each recording electrode hefore the sleep
penod begins. The front panel contains a senes of
indicator lamps, each representing one  sponge-
electrode sensor in the cap. The panel lamps are
arranged in a configuration simulating their relative
position on the head. When the subject dons the cap,

he moves the modeaelection switch from the off to
the test position, thereby activating the test circuitry.,
A small test current (10 gA) passes through the
single grouml electrode to cach of the six recording
cleetrodes, and the amount of current passed by each
clectrode s sensed 1o provide an indication  of
interelectrode resistance, I a given electrode is in
propee scalp  contact, its resistance will  be
5000082 or less, and this condition is indicated by
lumination of the corresponding lamp on <he panel
display . Improper contact, sigmaled by failure of any
lamp to iluminate, nsually ean be resolved by slightly
rocking the imolved electrode to position the tip
through the haic and against the scalp.

The data-apaly sis cquipment is designed to meet
the limitations imposed by space flight, In order to
cupply sleep-stage information in near real time. while
<till minimizing telemetry time and bandwidth, most
of the data processing is accomplished by the
panel-assembly cireuitry. Since the unit’s output is
expressed in tenmx of deep stage (ie. restricted to
one of seven possibile states) and changes only slowly,
the information  content  can  be  telemetered
adequately by transmitting only three bits at a rate of
1.25 samples/sec (ax opposed 1o approximately
3200 bits/~ev which would be required to transmit
the unprovessed data).

The established criteria for evaluating sleep are
based upon changes in the EEG and EOG patterns
whieh  accompany  behavioral and  phy siological
changes  during  the transition from  the  Awake
condition to one of deep sleep. The Awake state is
typically  characterized clectroencephalographically
by alpha actnity (8-13 Hz) and/or low-amplitude,
generally mixed-frequeney activity. Stage 1, or very
light sleep, is indicated by low-amplitude, irregular
EEG signals of a lower frequency (5-7 Hz) than the
Awahe state. During Stage 2 sleep, the FEG exhibits a
somewhat random  frequency  and  low-amplitude
background activity upon which i superimposed
sporadic bursts of 12-14 Hz activity (sleep spindles)
and/or relatively  high-vollage transients exceeding
0.5 see in duration (K complexes).

Stage 3 is identified by the oceurrence of high-
amplitude (> 75 uV) activity of less than 2 Hz which
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is present between 20 and 50 percent of the time,
while Stage 4 i characterized by the presence of such
activily more than 30 pereent of the time. The rapid
eve movement (REM) sleep stage has been highly
associated with dreaming and is characterized by EFG
signals similar to Stage 1 in appearance, but it is
differentiated by the oceurrence ol rapid, jerking-
type eye movements as detected by the FOG. A
seventh category, Stage O, has been included to
of dalta the loss of

indicate " interruption or

physiological signals.

FEG alone is used to determine Stages Awake, I,
2,3 and 4 of deep. FEG and FOG signals differ-
entiate Stage REM, and the FEG and accelerometer
outputs delincate periods that are likely to be
contaminated by artifactual signals.

The EFG analysis considers  activily in the
0.7-13 Hz range which is derived from cither of the
two channels available (left EEG, €0y, or right
FEG, CyOy, selectable from front panel control). The
cireuit functions as an amplitude-weighted frequency
meter for the dominant EEG activity. Fach of the
three comparators is set to detect a different signal
amplitude: high, or 100 percent: intermediate, or
twenty percent; and low, or one percent. The input
EEG signal gain factor is adjusted once for each
subject so that the average peak amplitude of the
subject’s eyes-closed, waking EEG is made to fall
midway between levels 2 and 3, or approximately
60 percent. Consequently, the higher voltage activity
during sleep frequently will cross the third level,
whereas the lower voltage signals of Stage I usually
will exceed only levels | or 2.

The bistable circuit, following the level 1 and
level 2 comparators,  triggers the negative pulse
generator only if level | and level 2 are crossed
successively in a negative-going direction. The number
of standard amplitude pulses produced by the nega-
tive-pulse generator i~ therefore proportional to the
dominant frequency of the EEG and is relatively
independent of minor inflections. The positive-pulse

generalor, whose outpul is one-half the amplitude of

the negative-pulse generator, triggers each time the
voltage exceeds level 3. The pulses from the two
generators ¢nler the mixer amplifier, which supplies a
composite pulse train to the integrator circuit. The
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integrator has a rise and (all tGme constant ol 10 see,
and consequently its output is a voltage level largely
dependent wpon the number aud polarity of pulses
recorded during the preceding F0-see epoch.

With respeet toits effecton the integrator cireuit
output, an FEG wave ol very low voltage, te., not
exceeding level 2, has zero values an intermediate-
amplitude wave has maximum value (negative pulse):
and a high-amplitude wave (exceeding level 3) has a
value of 50 percent sinee it produces a negative pulse
and a positive pulse of one-hall the amplitude. This
permits the progressive decline in frequency and the
general increase i amplitude, which oceur with
increasing sleep d«-plh, to be effectively ulilized, The
individual s EEG state is consequenthy expressed asa
voltage level at the output of the mtegrator. The
Awahe state is associated with the highest output
voltage,  while sleep
accompanicd hy correspondingly lower output values.,

progressive  stages ol are

The itegrator voltage enters a series of compara-
tor circuits in the output section where it is compared
to previously determined  voltage cach
corresponding to one of the clinical sleep stages,
Thus. while the FEG analysis output remains within

the range specified for a particular sleep stage, a

ranges,

constant voltage is supplicd 1o the corresponding
output line of the analyzer.

The EEG analysis section usually classilies Stage
REM sleep as either Stage | or 2 due o its similiarity
in frequency and amplitude; however, true Stage
REM is distinguished by the occurrence of bursts of
rapid, jerking eye movements. Although these events
are sporadic throughout @ REM period, they typicath
oceur with a frequency of at least one recognizable
event in cach 30-sec epoch. In true Stage 1.2 sleep
these events are not present. The REM-detection
circuitry detects events in the EOG channel which
may be rapid eye movements and indicates Stage
REM when such events occur during an EEG period
represenlative of Stage | or 2.

FOG activity enters the REM-detection section
and is passed through a filter which limits the
response to the 2.0 -3.75 Hz range, thereby optimally
sceparating true. REM’s from EEG activity, which s
alvo  detected by the EOG electrodes, dlow eye
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movements, and movement artifacts. The signal then
enters the FOG-transient detector which deteets the
ovenrrence of rapidly rising KOG winve forms that
execed a value of 250 percent of either the average
positive or the average niegative peak voltage ol the
DD

15 =0 A chanee o BEFG

oceurring sirnal. Averaging

sinntltancously 4

ovenrs continuonsly  over
during  the sleep period
XTI

detection refecence lesels 1o proper relative values,

bachground-activity - level

resulls inoan anmtomatie cesetting of  the

thereby  further minimizing  the chanee  of alse
trigeering by transient EEG wive Torms that mas also
he detected by the FOG electrodes, The remainder of
the Jogic circaitey permits an output indication of

Ntage REM only i the following eritenia are met:

oA FOG event s detected by the FOG-
transient detector,

20 No FEEG event s deteeted Inoan FEG-
transient  detector within o time window
extending from L1 see hetore antil 1LY sec
alter the FOG eveut. and

3. The FEG analvsis section mdicates  the

iresenee of Stages 1 oor 2 deep. When these
} 4 ]

condition= are wet. a 30-0¢ vutput mdication
ol Stage RENM oceurs and s led 1o the output
scction where its presence supersedes the
LG

re~ts the 3hae

output ol the atnatly sis
REN

timer, if REAN S are detected with a frequene

slecpstage
~cclion. Smee cach

eveceding  one per 30l a0 continuous

output indication of Stage REM wilt ocear.

The exeessive-amplitude detector mimimizes the
vceurrence of fake sleepatage  determinations by
disabling the FEG analysis section and the REM-
detection section during and tor | see following the
(i.e..

physiological) EFEG signal. This presents a change in

oceurrenee o an exceessivelv high non-
the sleepstage output section a~ o resull of an
artifactual signal (such as those caused by movement
of the subject). A dual comparator produces a trigger
pulse it cither the positive or negative phase of the
EFG signal voltage exceeds a value of 600 pereent
(using the same relative amplitude scale here as in the
EEG analysix section). which is considered 1o be in
exeess of the physiological range. The resultant pulse
triggers a -bsec artifact-detection timer which in tum
oprrates the disabling relay for the bsec period, I
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the timer receives trigger pulses at a rate equal o or
exceeding one per beeel the disable relay will remain

activated continuousdy

The aceclerometer comtained in the preamphi-
ficr/aceclerometer assembly serves as another means
{or detecting periods when artifactual contamination
is_highly probable. lead motion produces an output
voltage propartional to the rapidity of the motion. A
relatively  highovoltage output from  this deviee s
therelore more dikels to be associated with arbifact,
The aceelerometer comparator in the  artifact-
detection section i~ =l 0 that it is triggeeed by
voltages equivalent to changes e aceeleration of
approximately 0.2« in either the vertical or lateral
axis. When trizpered. the aceclerometer comparator
resets the  leee artifact-detection tmer, and  the
disable relay s activated for the duration of and for

Fsee following the movement.

Outputs Trom the sin sleepestage comparators and
the REM indicator are combined in the output
section of the analysis circuitry by an analog adder
which drives the single output line to the spacecraft
lemetry sy stem. Unprocessed analog EEG . EOG and
head-motion <ignals are also preserved on magnetic
tape by the recorders incloded in the MI33 panel
assembly. Fach recorder is capable of storing 130 hr
of data: by switching from one recorder to the other
it i~ possible to conline tape changes to the end of the

Mission,

Data Display

During cach <leep-monitoring period throughout a
Skylab flight. the telemetered Slecp-stage information
is relaved from the various ground tracking stations
to Mission Control. True real-time data is available for
a lew minutes ooly during cach pazs over a ground
station. o the frequent periods when the spacecraft is
out of communication range, data i= accumulated
ounboard by the spacecraft telemetry recorders and
transmilted 1o ground at a high rate during the passes
over tracking stations. The information recorded in
the control center during a sleep period ix con-
sequently somewhat sporadic, ranging from real time
1o delays of up to approximately two hours, Data
processing equipment in the control center collates
the incoming data and preserves the tiune reelation-
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ships =0 that a complete profile ol sleep stage versus

elapsed time eventually will evolve,

Video consoles in the control center display the
data graphically, permitting an estimate of sleep
quantity and quality on a near real-time hasis. At the
conclusion of a sleep period, hard copies ol the
complete sleep-stage profile are made available, as are
complete  statistical  evaluations of various  sleep
paramelers (e.g., total sleep time, time to fall asleep,
number ol arousals, percent stage lime, number of
sleep eyeles, etel),

During SMEAT, the spacecraft telemetry sy stem
was simulated by a hardware interface between the
panel assembly  output and monitoring apparatus
lueated outside the SMEAT chamber. No attempt was
made to duplicate the intermittent nature of actual
Shylab data transmission, and consequently the data
were recorded in an online, real-time fashion through-
oul the sleep periods. The role of the Mission Control
data-processing equipment was casily simulated in the
SMEAT situation by utilizing a specially designed
data display conzole which received the seven discrete
sleep-stage oultput voltages from the panel assemblies,
This unit provides the following simultaneous display
maodes:

1. Visible indication of the subject’s current
sleep stage by means of panel indicator lamps,

2. Cumulative, numeric digital display (in hours
and minutes) of the tlotal amount of tine
spent in each sleep stage, and

3. Stepwise, graphic recording of the subject’s
sleep-stage progression versus time.

The display console was readily visible to medical
observers throughout the SMEAT series of recordings,
and the graphic plots were utilized daily 10 assess the
quality of the previous night's sleep.

Procedures

Of the three SMEAT crewmembers (commander,
pilot, and scientist pilot), two, the commander (CDR)
and the scientist pilot (SPT), were originally
designated to participate in the M133 experiment.
Although during the Skylab missions only one crew-
member will be involved during each flight, two were
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monitored during SMEAT in order to avcumulate as

much expericnce with the hardware as possible,

Pre-SMEAT Baseline Testing

Baseline studies were conducted on cach of the
selected erewmembers (CDR and SPT) and upon the
backup subjeet (PLT) prior to the start of SMEAT.

Initially . a standard chinical electroencephalogram
was performed under laboratory conditions. During
this procedure precise amplitude determimations were
made during the Awake condition for the purpose ol
calibrating  the MI133  pancl  asembly  gam
potentiometer. Fach  erewmember was then
monitored during three conseemtive nights ol sleepn
his own home, using DVTL hardware identical to
that utilized in the SMEAT chamber. Sinee online
telemetry was not used during these recordings in the
crewman’s home, data were analyzed offline alter
playback of the analog tpe recordings Finally, one
night ol recording was curried out on cach of the
participating crewmembers (CDR and SPT) during
the SMEAT dry run (0/30/72) in which SMEAT
hardware  was utilized  and  the ounline telemetry

system was tested.

SMEAT Schedule

Although  the  SMEAT  MI133  schedule was
originally planned 1o exactly duplicate the tmehine of
a 56-day Skylab mission (i.e., recording on nights 3-5,
8, 1L, 14,17, 20,23, 26, 29 32, 35, 38, 41, 11,47,
530, 32-34), a number of  unexpected  events
necessitated several changes in the plan. Table 12-1
summarizes  the  actsal  recording  nights  and
indicates the crewmembers involved.

At the conclusion of each sleep period, the
display console timer readings were recorded 1o
provide the first stage in the data analysis procedure.
These values indicated the time (in hours and
minutes) occupied by the recorded sleep period as
well as individual cumulative times for each of the
seven  stages  as  distinguished by the automatic
analysis circuitry.

The display console readings were later modified
by carelul interpretation of the strip-chart record
(also produced by the display console) which showed
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Table 121
Summary of Nights on Which
.\'lm’p Pata Were Recorded

Crew Member Recorded
Date Mission Day

cor | oser PLT
TI28/72 3 x! X
7/30/72 4 X X
8/2/72 5 y2
8/5/72 8 X X
8/5/72 1 X X
8/8/72 it \ X
8/11/72 T X X
8/14/72 20 \ X
8/17/72 23 X \
8/20/72 26 X X
B/23/72 29 X X
8/206/72 32 A\ x9
8/29/72 35 3 XY
91172 38 X x9
9/4/72 1 x \9
9/7/72 41 X X9
9/8/72 15 \10 5
9/)0/72 17 o x9
9/13/72 50 7 x?
9/15/72 52 8 x?
9/16/72 53 \ \Y
9/17/72 51 x x?

Lone and one hall hr only : cap removed duc to irritation at
electrode sites.
2Two hr only; cap removed due to arritation at elecirode
sites. SPT did not run: no cap available of correct size.
30VTU #2 was out of chamber underpoing tests for
possible malfunction of electrode check.
4DVTU #2 was out of chamber for repair of power supply.
SSPT ran using PLT s unit (qualification unit).
OSPT did not run due 10 shin tests in progress.
7SPT did not run: schedule misinterpretation.
8'I'raining unit was subslituted for DVTU £2 and used for
remainder of tests.
9 Automatic analysis only: recorder malfunction caused loss
of data for visual analysis.
10N valid data obtained: recorder malfunetion caused loss
of data for visual analysis. Display console malfunction
resulted in loss of automatic analysis results.

the progression of sleep slages over time throughout
the sleep period. Such changes often included altera-
ton of the Stage REM time which resulted from
smoothing of the REM periods as well as elimination
of certain artifactual components (eg., occasionatly
the display console was not turned off precisely at
the conclusion of the sleep period, resulting in
accumulation ol excessive amounts of Awake time.
This occurred because in the simulated telemetry
scheme the true Awake state was represented by
zero-volts output, and thix situalion also occurred in
the power-oft condition.)

Interpretation of the strip-chart sleep profile also
provided determination ol the sleep latency (time to
altain Stage 2 sleep), the total sleep time (total time
in Stages, 1, 2,3 4, and REM), total sleep percentage
(total sleep time divided by total sleep period time),
and the percentage of the total sleep time occupied

by vach of the deep stages (1,2, 3, 4, and REM),

At the conclusion of the 56-day SMEAT mission,
the analog magnetic tapes were retrieved and played
back to produce continuous polygraphic records (al
Jem/sec) ol the EEG. EOG, and head-motion
activity  throughout the sleep periods. These data
were then visually interpreted by standardized criteria
(Rechtschaffen et al., 1968) to provide a final report
for cach night of sleep. The final report included the
following items: total time of rest period, sleep
latency (time until first Stage 2 occurs), REM latency
(time until fiest Stage REM occurs), total Awake
time, total sleep time, total Awake percent, total
sleep percent. Awake time for cach third of the night,
and nuinber of arousals, REM time for each third of
the night, and number of REM periods, absolute time
in rach “stage of deep. percent of total sleep time
oceupied by cach stage of sleep, and a graphic plot of
sleep stage versus time throughout the night.

Post-SMEAT Baseline Testing

After termination of the 56-day SMEAT mission,
three consecutive nights of sleep monitoring were
carried out in the two crewmembers’ homes, follow-
ing the same procedure as during the pre-SMEAT
testing,
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Results and Discussion

Operational and Hardware Factors

A number of hardware-related problems arose
during the SMEAT run which resulted in a significant
number of data-loss periods and in changes made o
the Skylab hardware configuration.

Further testing on the CDR was canceled after
the third scheduled recording night (day 5). The
subject developed a generalized headache shortly
after putting on the cap on the first scheduled night
(day 3), and he removed the cap after approximately
one to one and one-halfl hours of recording. Swelling
and induration at the clectrode contact sites was
noted, and this condition persisted throughout the
next day. A larger cap was tried during the next
session (day 4), and recording was successful for the
entire night with no problems noted. On day 5,
however, the problem recurred and required removal
of the cap after two hours. Since the CDR appeared
1o have an allergic-type response to some component
of the electrode assembly, no further recording
attempts were made with him. Dermatological patch
testing was carried out during the latter portion of
the SMEAT mission, and the results appeared to
confirm the sensitivity of the CDR to the electrode-
electrolyte material.

A somewhat similar problem, but of much lesser
degree, was experienced by the SPT, beginning at
approximately day 32. He occasionally noted a slight
burning, tingling sensation around the FEOG
electrodes, and during the following day thesc arcas
appeared somewhat indurated and slightly swollen.
Skin tests on this subject were inconclusive, and
recording was continued for the duration of the
mission with no increase in severity of the symptoms.

The PLT, who substituted for the CDR after
day 5, experienced no undue reactions, and successful
recordings were made during all the scheduled
periods.

Patch tests were scheduled for all Skylab crew-
men participating in M133 in order to ensure that no
similar problems would occur.

EXPERIMENT M133 12.9

Although the quality of the recorded data was
generally good  throughout the SMEAT test, post-
SMEAT visual analysis revealed oceasional periods of
artifactual contamination of the EEG channels and,
more rarely, of the EOG In most instanees, one EL1G
channel or the other remained of acceptable gquatity,
thereby  permilling  successlul - postmission visual
analysis in terms of sleep characteristies, hat if the
channel undergoing analysis by the automatic syslem
became of poor quabty, the telemetered dala were
degraded Tor the duration of the problem. Tt =
possible 1o switch the FEG channel utilized by the
aulomatic analyzer by means of a frout panel control,
but when all three crewmembers have simultancous
rest periods, as they did during SMEATT, there s no
one available to make the change. Sinee this situation
also exists during Skylab, two changes in the cap
clectrode configuration have been made to inerease
the reliability of the data-acquisition scheme and o
make it unnecessary to switch EEG channels in order
to eliminate the influence of artifacts.

The ground electrode, which  was  originally
located just anterior to the lelt central (€) KRG
electrode, was moved to a location on  the
R forehcad. This insured a more reliable contact of
the ground clectrode with the subject since the
forchead is devoid of hair.

The two central EEG electrodes (€ and Cy) have
been electrically tied together to form one compaosite
clectrode. The two occipital FEG electrodes (O and
03) are similarly tied together to form a sccond
composite. A single EEG derivation is obtained by
recording between the lwo composite eleetrodes. and
this signal is led to both FEG channels. The single
EFEG channel is highly reliable, since loss of contact
of either of the cenlral or cither of the occipital
clectrodes will not degrade the signal.

Laboratory tests carried out since the conclusion
of SMEAT have proven the cffectiveness of these
56 instances  of all-night

modificalions in over

recording.

At the conclusion of the ‘SMEAT mission, the
M133 panel assemblies were removed from the test
chamber and returmed to the laboratory where the
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tapes were removed to permit final analy sis. At that
time il was diseovered that the tape reels on the
Qualification Unit had been improperly installed at
the time of the midmission change of tapes (day 30).
As a result, tape motion had been prevented during
the entire second hall of the test series (days 32, 35,
A8, W, 4 16,047, 50,52, 53, 5 1), This data loss
precluded visual analysis of the PE'T s sleep character-
istics on those days,

Sinee i is necessary to make a similar change of
tapes between the first and second Sky lab missions,
the erew checehlist was revised 1o contain a warning of

thix possible condition.

Sleep Characteristics

n spite of the hardware problens noted above, it
was possible to obtain comprehensive data concerning
the sleep characteristies of the PLT and SPT. The
online, realtime display of the sleep information
worked satisfactorily . making it possible to provide a
daily status report of the crewman’s sleep quantity
and quality tor the previous night. Post-SMEAT visual
analy sis of the available data peemitted a comprehen-
sive tabulation of sleep characteristics and allowed a
retrospective evaluation ol the validity of the ouline

results,

The results of post-SMEAT visual analy sis of the
recorded  data Tor the SPT are presented  in
Tables §2-2 and 12-3. It is obvious from inspection of
the results that the SPT exlubited o considerable
alteration in his sleeping patterns during the 50-day
SMEAT mission. This is demonstrated graphically by
Figure 12-6, in which selected parameters from the
results of visual analysis (Tables 122 and 12-3) have
been plotted versus time. Compared o the pre-
SMEAT (B-1. B-2 and B-3) and post-sMEAT (P-1,P-2
and P-3) baseline recording nights, the most notice-
able changes occurred in the sleep lateney and total
sleep time characteristics. The sleep latency, or time
to fall asleep, which  averaged 23 min  (range
18-31 min) during the pre-SMEAT studies and 24 min
(range 6-17 min) during the post-SMEAT recordings,
averaged | he and 6 min during the SMEAT period
with a range ol 17 min to 3 heand 17 min.

Total sleep time for the SPT, which averaged 6 hr,
26 min before, and 7 he, 4 min  after SMEAT,
averaged only 5 hr, 6 min during SMEAT . Analysis of
vaniance, comparing test nights with pre. and post-
mission values, revealed that total sleep time was
significantly reduced during the mission (F = 1654,
p <0.0h). While most of the reduction in total sleep
time can be accounted for by the increased seep
latency ., a portion, at least on some nights, was also a
result of fairly  lengthy arousals during the first
portion of the night. The SPT thus spent a greater
percentage of his time awake during the first third of
the night than he id during either the pre- or
post-SMEAT bascline studies,

The quantity of sleep during the second and final
thirds of the mght tended o be fairky typical of the
baseline results. During the pre-SMEAT series, the
average Awakhe time during the second and final
thirds was 6 and 10 min, respectively.  The
corresponding values for the post-SMEAT recordings
were O and 3. During the SMEAT mission these
figures  were 10 and 6 min, respectively,  an

msignificant change in cither case,

In spite of the significant reduction in total sleep
time, the slecp quality of the SPT, in terms of the
sleepstage characteristics, was changed relatively Jess,
as indicated in Table 12-4, which shows average
values obtained frome the tables of visual analysis

results,

The average Stage REM time remained unchanged
during SMEAT i spite of considerable day-to-day
fluctuation. \ slight increase of REM time was seen
durinyg the po=t-SMEAT baseline studies. This increase
was found to be significant at the 0.05 level of

confidence (K- 705, for 2 and 18 degrees of

freedom).

A reduction of Stage 3 and 4 time during the test
nights, a~ compared to the pre-SMEAT baseline
nights, was also evident and was significant at the
0.01 level of confidence (F = 1291 for 1, 18d4.). A
further decrease in Stage 3-4 time occurred during the
post-SMEAT  baseline nights as compared to the
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mission  nights, and, while this was significantly
different from the pre-SMEAT values (p <0.01), it
was nol sigmificantly  ditfferent from  the mission
period. Sinee Stages 3 and 4 are known to oceur
predominantly during the first half of a nightly sleep
period, while Stage 2 and REM predominate during
the fatter half, the decline in Stage 3-1 in this case
would logically appear to be a result of the
distuehances in sleep quantity during the first third of
the night as described previously. This may not be the
only factor, however, sinee the reduced percentage of
Stages 3 and 4 persisted throughout the postmission
bascline nights in spite ol the fact that both sleep
lateney and first thied Awake time had returned to

premission levels.,

Table 12 4

Sheep Quality for SIPF
Before, During. and After SMEAT Exercise

% Stage 3 | % Stage
% Stage % Stage 2 %o Stage 3 | % Stag
e % a2 ) Tand + | REM
Tune Time
Pre-SMEAT
Average 10 48 20 12
SMEAT
Average 7 57 12 23
Post-SME AT
Average 0 62 H 29

A significant drop in Stage | time occurred during
the mission compared to the pee-SNEAT  nights
{p <0.05, F=5.02for 1, 18d.1). The pusl&Ml“./\T
Stage 1 time remained depressed compared to the
pretest period. Although there was no statistical
difference in Stage 2 time between the premission
and SMEAT periods, the post-SMEAT Stage 2 time
increased  sinificantly  (p <0.05, F=4.1 for 2
18d.1).

It must be concluded that, in the case of the SPT,
there  was  a  significant  alteration  of  sleeping
characteristics  during the period of the SMEAT
mission, The causes of these changes are not evident
from the results.

The PLT exhibited no obvious change in his sleep
quantity characteristics. Figure 12-7 graphically
displays= many of his visually determined sleep
characteristics. Based upon  the results of visual
analysis, the total sleep time, which averaged 6 hr,
21 min before, and 6 hr, 52 min after the SMEAT
mission, averaged O he, 47 min during SMEAT. This
dilference did not achieve statistical significance,
Similarly, the sleep latency during SMEAT averaged
9 min, as compared to a value of 9 min before and
6 min  after the mission, again not statistically
significant., Although these averages do not include
data after day 29 (because of the tape recorder
malfunction), the results of automatic analysis, which
correspond closely with those of visual analysis for
the days on which both sets of data were available,
confirm that no change of signilicance occurred
during the latter hall of the  SMEAT test. (See
Tables 12-5.12.6 and 12.7)

As illustrated in Table 12-6 and Figure 12-7, the
sleep  quality  also remained  relatively  constant
throughout SMEAT, although some alterations of a
relatively  minor nature were  found. Table 12-8
compares the average percent sleep-time character-
istics of the SMEAT period with those of the pre- and
postiest baseline nights.

Analysis  of variance revealed no  significant
differences i the Stage 1 time for pre- test and
postiest  conditions.  Likewise, no statistical
differences were obtained for Stage 2 time.

The Stage 3 and 4 time (combined) showed a
slight ancrease during SMEAT, and this change ix
significant at the .01 level of confidence (F = 201
for 1, 11 d.f.). Thisz Stage 3-3 inerease is in conlrast to
the results obtained for the SPT, where a reduction of
approximately the sume magnitude was obtained.

The slight reduction in percent Stage REM during
the SMEAT period was not significant. An increase in
percent REM time was also seen in this subject during
the post-SMEAT recordings but was not of stati-tical
significance.

It is concluded that the PLT was able to obtain
sleep  of adequate quantity during  the SMEAT
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SLEEP-MONITORING --

mission and that the sleep quality, in terms of stage
characteristics, was not adversely altered by the
experimen tal circumslances.

Table 12 8

Average Pereent
Steep-time Characteristics of PLT

s Saon 116 Suaoe % Stage 3 {% Stage
% Stage | | % Stage 2 and 4 REM
Pre-SMEAT
Average 10 58 9 23
SMEAT
Average 7 58 17 18
Post-SMEAT
Average 6 59 10 26

Comparison of Automatic and Visual Analysis Results

An important aspect of the SMEAT M133 study
was the comparison of the automatic sleep-stage
scoring method with that of the visual scoring
method. While the practicality of automatic analysis
was nol in question, il was necessary to gain
experience in interpretation of the online analyzer
results. These comparisons are illustrated graphically
in Figures 12-8 and 129, which show information
concerning sleep latency and the total sleep time.
in  most

data reveals,

instances, a very close correlation between automatic

F.xamination of the

and visual analysis results, and only rarely is there a
marked discrepancy (c.g., see sleep latency on day 29

for the SPT).

Table 12-9 presents the results of a t-test compari-
son between the two methods for the SPT and PLT.

The table reveals that for the SPT the automatic
method overestimated total sleep time (T.S.T.) as
well as Stages 3 and 4, and underestimated  the
Stage 1 time. No statistical differences were observed
between the two methods in determining sleep
fatency, Stage 2 timne, and REM time.

For the PLT there were no differences between
the two methods in determining the T.S.T. and sleep

EXPERIMENT M3 12.19

latency. Stages | and 2 were consistently  under-
estimated by the automatie method, while Stages 3.4
and REM were somewhat overestimated.,

In general, the automatic analy zer's performanee
was salisfactory. Deviations from the visual scoring
method were systematic, and the use of the analyzer
on future preflight baseline studies will enable a more
accurate appraisal during the test nights.

The automatic analysis resulls were, in some
instances, considerably degraded by the presence ol
artifactual signals in the single FIEG channel. As was
discussed above, several changes in the electrode cap
configuration have been devised and will lead to
further  improvement in the rehability  of  the
automatic analysis results during Skylab. In spite of
these problems during SMEAT, however, the results
show conclusively the feasibility of obtaiming useful,
quantitative, and objective information coneerning
sleep characteristics in an online fushion. The general
conclusions drawn from the results of visual analysis
of the data from cach of the subjects studied during
SMEAT would have been the same if only the
automatic analysis resuits had been available.

Conclusions

The Skylab Mi33 sleep-monitoring experiment
was operationally tested during the Skylab Medical
Fxperiments Altitude Test, which simulated  the
timelines and environment expected during a 50-day
Skylab mission. Two crewmembers ulilized the M133
data-acquisition and analysis hardware, and their
sleep charactenistics were studied in an online lashion
during a number of all-night recording sessions,

The feasibility of all
MI133 experiment plan was confirmed, and only
minor changes in procedure have been suggested in
order 1o clarify certain points. The M133 hardware
utilized during SMEAT (DVTU und Qualification
Units) developed several malfunctions throughout the

aspects  of  the

course of the mission. Causes for all of the faillures
were conclusively determined, and
measurcs have been taken to insure that the Skylab
flight
M133 hardware performed functionally as expected,

correclive

hardware is  properly  configured.  The

and no conceptual problems were encountered.
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Several minor modifications in the configuration of
the data-acquisilion apparatus (recording cap) have
been suggested for Skvlab in order 1o further increase
the reliability

Comparison of the results of online automatic
analysis with those of postmission visual data analy sis
was lavorable, confirming the feasibility of oblaining

reliable  objective  information  concerning  sleep
characteristies  during  the  Skylab  missions. One
SMEAT crewmember exhibited definite changes in
certain sleep  characteristics  (e.g., increased sleep
latency, increased time Awake during first third of
night. and decreased total sleep time) during the
mission, The sleep parameters of the other subject
remained essentially unchanged for the duration of
the project.
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Figure 12-8. Comparison of automalic

and visual analysis results for P11
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Figure 12-9. Comparison of automatic
and visual analysis results for SPT.

Table 12-9

Automatic and Visual Analysis Results: A t-test Comparison

TST. Lsm-p I 2 3 4 REM
atency

SPT 386* | -1.00 |-4.55* |-0.81 3.65*% 4.04% | -1.64
PLT 0.10 +0.35 | -5.07*%|-6.97** | 2.60%* | T.64%* | 6.79**

* . p 005(for 14d.[)
** = p 0.05(for 7d.f)
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CHAPTER 13
TIME AND MOTION -- EXPERIMENT M151

Joseph F. Kubis
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J.E. Barnes
S.C. Saxon

Fordham University

Astronaut work performance during the prepara-
tion and execution of experiments in SMEA'T was
analyzed according to time and motion. The objec-
tives of the study were 1o evaluate the efficiency and
consistency of performance (adaptation function) for
several different types of activity over the course of
the mission: to evaluate the procedures to be used by
Skylab: to gencerate
functions for later

the  same  experiment  in

characteristic  adaptation
comparison  with Skylab data; and 1o examine
astronaut performance for any behavioral stress due
to the SMEAT environment.

The time required to perform a given task,
subtash or clement varies from performance to per-
formance. Time also depends on the method, pro-
cedure or motion pattern used to perform the lask,
Variations are due to a complex set of factors and,
where no assignable cause (or causes) can be found,
they are characterized as random. However, film
analysis {requently reveals identifiable perturbations
in task performance which have assignable causes and
which cause variations in performance lime.

Performance data for the three crewmen were
extracted from videotape; real-time observation by
analysts ontside the SMEAT chamber was used for
verification and clarification. Individual and group
data were analyzed for task and subtask performance.

13-1

Equipment

A significant  difference exists between the
method and medium used for SMEAT data collection
and that planned {or Skylab. In Shylab, 16 mm
motion b taken
predetermined  locations using wide  angle lenses
(50-110° Hield-olview)., The lens chosen o film a

particular activity cncompasses the entire activity

pictures  will from  optimized

without need for multiple cameras or realignment of
the single camera used.

In SMEAT, the MI51 experiment made use of the
available TV system in which the positions of the
cameras were fixed, This meant that several cameras
had 1o be used for an activity which would ordinarily
be covered by one camera with a wide angle lens In
some cases, as many a~ three cameras had 10 be used
to cover the range of activities mvolved in an

experiment,

These complications made it necessary 1o have an
MiGI
Acquisitions Recording Systems (DARS) room o
program the activitics of the three cameras as they
were needed. In addition, an observer was stationed
at the Medical Data Support Center Lo monitor in real
time the same activity which was being taped. This
served 1o back up the taped information in case
equipment problems led 10 a loss of data.

observer in the control reom or the Data
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Procedures

In order to coordinate SMEAT results with
Shylab planning, the experimenters decided 1o study
those activities that would be performed in SMEAT
in the same way that they would later be studied in
Skyvlab. The medical experiments met this specifica-
tion. Fowd preparation, as an operational  daily
activity, was also constdered. 1t was hoped that some
maitdenance activities would be available for zualysis
of manual dexterity. The functional objectives of
MIST were as follows:

1. Videatape all crewmen during donning of

V CG sensors and harmess: lower body negative
pressure device (LBNPDY ingress and egress:
mounting and dismounting of the ergometer,
including  the apphing and removing  of
restrainls,

2. Videotape crewmen during activities pertinent
to food preparation and weasurement of food
residue,

3. Videotape  crewmen  during operational
activities such as setting up shower, donning,
doffing, and exercising with the operational
bioinstrumentation system (OBX).

For the most part, adequate data were collected
for the activities comprising the first  functional
objective. The second objective could ot be realized:
the task of calibrating the SANMD wax substituted in
its place. Because ol a change in SMEAT plans, the
third functional objective was never fally exercised.

Real-time  obsernvations were  also made on a
noninlerference  basis  for  thuse M0O92/M093
performances not scheduled to be taped for MISI1.
This was done to heep abreast of any changes which
might occur.

Data Analysis

Over 60,000 feet of kinescope film were acquired
by MI51 during SMEAT operations. Of this total,
approximah'ly 20,000 were taken during the pretest
and shakedown runs and the rest during the actual
test. Since kinescopes (16 mm) are made  and
operated at 24 frames per second, a rate four times
that planned for Skylab, a great deal of redundant
information had to be scanned in toto.

The work of the analyst involved viewing the
kinescope film and using the erew’s cheeklist to verily
and measure the task and subtask segments. At the
same  time, he  accounted  for any  anomalous
situations which might occur.

Simultancously  with the TV tapes of erewmen
activities, MIS] personnel analyzed task eclements
and times from the TV monitors. These data enabled
the analvsts to (il in zaps in kineseope coverage, and
to clarify certain Kineseope scenes.

Analysis of the tasks performed in the chamber
consisted  mainly  of recording  task  time  and
deseription using  the TV tapes, real-time observa-
tions, and ecrew checklists. In certain cases where
significant changes in methodology were introduced
by the crewmen, the task activity was further defined
by the identification of task  aids and motion
patterns.

The videotapes provided precise measurements
which enabled the analyst to identify such anomalous
situations as “foreign elements™ (activitics which are
performed during the task but are unrelated to it
e.g.. answering phone call while preparing food). idle
and wait times, legilimate intrusions, ete., all of
which were deleted from performance time. The
identification of task-related anomalies (crew error)
was also  made  possible through  this analysis,
especially on a subtask Jevel. In the basic analysis of
the data. task-related anomalies were not excluded
from calculation of task time. In subsidiary analy ses,
emphasizing regularities in functions, task -related
anomalics. when identified as outhiers, were removed
and estimated values substituted for them.

The information generated by the analysts was
coded onto punch cands along with comments further
explaining what happened. These were run with the
TAMS-1 program which caleulates the clapsed time
for the task or subtask and also keeps track of
anomalous conditions and the times associated with
them. From this decoded information. graphs and
tables were constructed for a first-order statistical
analysis. Subsequent programs for trend analyses and
typical tests of sigmficance were developed.
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Results

The overall results indicate that the anticipated
adaptation function was obtained both for individual
and for averaged data. More important, the function
also appeared in most of the subtask analyses. These
result= indicate  that  the  preexperiment  training
activities were thoroughly performed.

Total Task

Figure 13-1 presents the adaptation function for
MOY2  preparation. The curves represent improve-
ment in performanee for the entire task. They are
based on the combined data of the crewmen. The
upper  graph  presents the  reality T picture,
incorporating evervthing as it really happened; the
lower wraph gives a relatively idealized picture of
what the results might be il ceasonably correctable
anomalies could be climinated.

Two characteristies differentiate the two graphs:
elevation, and the scatter of observations about the
fitted functions. The first graph shows longer times,
and its paints do not fit as closely as those in the
sceond  graph.  The  “better™  and  “smoother™
performance in the lower graph results, naturally
enough, from the removal of the anomalies and the
substitution ol estimated values for the omitted

activities,

The important feature in both graphs ix their
essential similarity. They represent simple  power
functions. show characteristic adaptation features,
and tend to approach a limiting value. The gradual
decline, or improvement in performance, represents a
reduction from about sixteen minutes to ten minutes,
a saving of 38 percent of time, over the course of
nine trials.

Subtasks

Graphical analvses were completed for the
subtasks, for cach crewman separately, and for all
crewmen combined.

From a diagnostic point of view, it is more

important to study the subtask adaptation functions
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because they span relatively short periods of time.
Such a study reveals that activities differ in rates of
adaptation. Some even show no adaptation. With
such  iformation,  traimng prm-mlurv.\ can  he

struetared to take advantage of these vanations,
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TIME
(SEC)

1000
900

}14.. PSP GY i

8 10 12 14 16 18 20
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MO92 PREP--ANOMALY FREE
(PLT AND SPT COMBINED)

Figure 13-1. Adaptation function.

Equally important ix the casicr wlentification of
anomalies within the part or subtasks. Some stthtashs
are more sensitive than others to environmental,
hardware, or motivational changes. Other subtasks are
relatively impenious to large changes in the system.
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Improvement  Over  Trals. A\ tvpical subtash
showing improvement over trials i Leg Measurement,
found i Figure 13-20 As may be observed {rom  the
scatter of the points. the reality  picture (with
anomalies)  represents pronounced  variability  in
prrformance. Tt is important to note, however, that
both variability and performance levels decrease as
the tnals continue.

TIME
(SEC)
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80 _ .
70 -+
60 + . .
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40 -
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LEG MEASUREMENT —WITH ANOMALIES
(PLT AND SPT COMBINED)

TIME
(SEC)

90 +
80 +
70 +
60 1+

50+
404

0 %_,_,_*_._4__.._;_& B ST S N H G T G S S S S

S 2 4 6 B 10 12 14 16 18 20
TRIALS

LEG MEASUREMENT --ANOMALY FREE
(PLT AND SPT COMBINED]}

Figure 13-2. Typical subtask showing improvement.

With the removal of correctable anomalies, the
variability iz greatly reduced. This occurs in situations

where many anomalies oceur. In these instances, the
simplr esthination pru('rdun' overcorreets the inherent
variability . (To itroduce a random mechanism into
the estimation procedure i a reflinement that s
neither neeessary nor illuminating. There were too
few activities which were characterized by too many
anomalics.)

Subtask  Showing  No  Improvement. Ingress
LBNPD.  asshownin Figure  13-3, represents the
refatively rare phenomenon of poorer performance
toward the latter part of the mission. That this could
represent an Vend effeet™ s given some support from
the  statistical analysis comparing  the Jast sin
performances and the siximunediately preceding
them. There s g significant increase in tme during
the Jast six performances. The mental attitude of
Cgetting-ready to-leave” cannot be invoked  as an
explanation  because  other  subtasks have  nol
demonstrated this phenomenon. No defects in the
apparatus were reported. And it is unbikely that
physiological deterioration would manifest itsell in
such a selective fashion, namely in Ingress LENPD
but not in other subtashs.

The Jower craph pictures the course of perfor-
mance over bme with the influence of anomalies
removed. Their exelusion removes most of  the
deterioration eflect noted in the upper sraph. 1t is
likely | then that the “end effect”™ suggested by the
upper graph i~ an artifact ereated by anomalous
conditions,

Subtask Performance with Hardware Changes

The results from SMEAT showed the sensitivity
of the adaptation funetion to instrumental changes.
With improved hardware, performance was shown to
mprove: with “problem™ hardware, performance
deteriorated. Similarly  the  adaptation funection
shoswed the  expected  effects with  change  in
application of toree and possible use of caution.

Prior to mi~sion day 24 (Trial 8). the crewmen
experienced difficulty in donning the VCG harness,
These difficultics are reflected in the pronounced
variaions ~hown in the early trials. On mission
day 23, new VOG harpesses with longer clectrode
leads and requiring only one sponge per electrode
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were passed into the SMEAT chamber. The result, as
indicated in Figure 13-4, was marked  reduction i

variability for the neat nine trials.

TIME
(SEC)
55 +

50 +
a0t . ;

30 +-

PN TS Y VS G TP IO TN S TS S G W S

[ B + v T T M T T T ¥
S 2 4 6 8 10 12 14 16 18 20

TRIALS

INGRESS LBNPD-WITH ANOMALIES
(ALL CREWMEN)

TIME
(SEC)

50
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(ALL CREWMEN)

Figure 13-3. Typical subtask showing no improvement.

The crewmen also had problems with the
connectors which were to be mated to the SIB. The
connectors, which made the VCG/SIB somewhat
difficult, became degraded with use. Performance in
using the connectors gradually deteriorated over the

course of the trials.

- INDICATES DATA MISSING
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240
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S 2 4 6 B 10 12 14 16 18 20 TRIALS

6 12 18 24 30 36 42 48 54 MISSION DAY

DON VCG HARNESS-WITH ANOMALIES
(ALL CREWMEN)

Figure 13-4, Effect of change in hardware.

Additional Analyses

Figure 13-5 presents the graphs of  two relatively
simple and practically identical operations: closing
the LBNPD on prerun and postrun. On prerun, the
closing is accomplished with a subjectin the LBNPD,
on postrun without a subject. The prerun graph s
more vartable and shows appreciably less improve-
ment over trials than does the postran graph.

which  explain  the

There  are  two  factors
differences. First, there s weight. Sinee the force
required to close the LBNPD is a function of the
frictional resistance caused by the interface of the
wheels and the floor, more force is required to move
the device with a subject in it than whenitis cmpty.
Second, there is caution. More caution will almost
certainly be exercised in closing the LBNPD with a

crewman in it than when it is empty.

Although the general adaptation characteristics
were observed in most activities, an unusually variable
set of performances deserves special mention. These
are the placing of the right and left plethysmograph
leghands. Of these, the right leghand placement was
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the mostyariable. Both graphs in Figure 13-0 show high
variability. which indicates that it was not a subject
related phenomenon. but may reflect a complex

hardware-operation interaction,
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Figure 13-5. Possible etieet of fnenhonal
resistanee as well as caution.

Several possible factors may account for the high
variahility : the time required to perlorm alignment
and the time spent inspecting the configuration of the
legband. Duning the third week of the mission, there
was a problem as to the accuracy of the leghand

readings. Because of this, the crewman may  have
exercised additional care when placing the leghands,
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Figure 13-0. Subtask showing excrssive variation.

Equipment Problems

The kinescope data ranged {rom poor to useful
quality. The poor overall quality was caused by the
low lighting level in the SMEAT chamber and by the
loss in resolution in conversion of the TV video to

kim'scup«‘.
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The TV camera has basic limitations. Activities
can move outside camera range or be blocked from
view. Technical problems with film can produce
faulty reproduction.  Real-time  recording by an
analyst is not exact, either. Only total element times
can be obtained (about three to five seconds is the
shortest  clement  time that can  be  successfully
observed and recorded), and if an element is missed,

no opportunity exists for a rerun as in film analysis.

Conclusions

Fxperiment M-151 demonstrated the value of
time and motion procedures to  evaluate task
performance. During SMEAT, there was a general
improvement in both task and subtask performance
over time,

The structure of the adaptation function was
related to the type of task performed and exhibited

EXPERIMENT MI5t 13-7

sensitivity o changes in hardware. The partitioning of
a task nto subtasks provided a basis for diagnostie
evaluation of difficultics associated with poor or
variable  performance.  The  results showed  that
subtasks which did not improve were those which
could not be expected to change for the better or
which
improvement,
deterioration in performance that could be attributed

to the stressful experience of the SMEAT program.

those required  hardware changes  for

There  was  no  evidence  for

The SMEAT adaptation functions obtained for
the various subtasks provide a basis for comparizon
with the corresponding functions to be obtained
during Skylab preflight and inflight time and motion
studies. In addition, the simulation exercise exhibited
the magnitude of the analytic problems 1o be faced in
Skylab. As a result, the MI51 data handling

procedures were made more efficient.
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ENVIRONMENTAL NOISE EXPERIMENT (DTO 71-22)
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Technology, Incorporated
Houston, Texas

Laboratory investizations have demonstrated that
exposure to sound can rexalt in a varicty ol
physiological and psychological responses affecting
man s performance, safety | and well-being (Broadbent
& Burno, 1905 Harris, 1968). High intensity sound
can produce temporary (Carder & Miller, 1909
Fleteher, 1969) or permanent (Glorig, Ward, &
Nivow, 1961 Kreviter et al., 1960) changes in hearing,
mterfere with communications (Kevter & Williams,
1966 Webster, n.d)), and cause subte alterations in
respiratory and cardiovascular funetion, Noise can
interfere with sleep and be a chronie souree of
annovance (Kevteretal, 1971, thereby leading to
performance decrement.

SMEAT presented an unparalleled opportunity to
obtain data which would permit a greater under-
standing of the prohable effects of the expected
Skylah noise environment on the crew, as well as
provide data which could be useful in the develop-
ment of noise standards for future manned spaceeraft
designs. Heretofore, there has been a lack of valid,
empirical dala on the «ffects of continuous, long term
Data the SMEAT
covironmental noise experiment was collected by

exposure 1o noise on man. in
measuring  ambient and  equipment noise, hearing
thresholds, and  speech  intelligibility - prechamber,
m-chamber, and  postchamber. The  crewmen also
completed a questionnaire on possible psy chological

effects of continuous noise exposure,

Thi~ experiment was designed especialhy for the
SMEAT it

comducted onboard actual Skvlal missions.

Peogram. and no part of i~ being

Apparatus

Fquipment Noise and Ambient Noise Measurement

One tixed and  one portable  General  Radio
the  SAEAT

Power {for the

ceramic  microphone  were used i

chamber tor noise measurements,
microphones was supplicd with a Power Designs
Power Supply and input voltuges  were  visnall
monitored with a Triplet voltmeter. Signals from
the ledd
interluce plate o a mierophone junction  box.
From the junction box. the signals were led to a
B& K the

analyzer were fed through o BEK bandpass filter

microphones  were through  a  chamber

noise  analvzer.  Signals from nokse

sl and awtomatically recorded in one-third or one
B&K

recorder, The level recorder was equipped with a

oclave  hand  widths on a graphic  level

30.dB potentiometer,

A dine was  taken from  the B&K  noise
analyzer’s input  amplifier  through  which  signals
were led from the microphones to one channel of an
Ampes AM/EM tape recorder. Signats placed on tape

B&K  RMS

voltmeter and a Tektronix oscilloscope.

were montlored  with  a clectronice
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Hearing Threshold Measurement

Hearing threshobd measurements were made with
a Bekesv-ty pe Rudmose recording audiometer and
Telephonies 1002 transducers (TOH-39). For the
prechamber and  postehaniber threshold  measure-
ments, the carphones were cquipped w ith MN J1AR
car coshions and  enclosed i Rudmose otocups.
Nonflanmmable otocups patterned after the Rudmose
design were designed for the in-chamber phase.

Speech Intelligibility Measurement

These measurements were obitained either with a
headsel as the transducer or in a free field situation
with a speaker. The headset was the same as that used
{or the hearing threshold measurements. The speaker
was a LaFayette 82 model installed in the Skylab
entertainment center, The frequency characteristios
of the speaker were somewhat altered as a result of

being treated to make it fireproof.
~

A Ampex recorder was used to deliver the taped
word list= and a Grason-Stadler noise  generator
provided the masking noise. Nignals from both the
recorder and noise generalor were led through two
Hewlett-Packard  attenuator  sets. Mining  and
amplification of the noise and ~peech was achieved
with an Altee audio amplitier. Signal levels were
monitored with a B&K RMY voltmeter and a dual
heam Tektronix oscilloscope.

Speech Intelligibility Word Lists

All speech intelligibility word lists were taken
dircetly from the American Standard Method for
Measurement of  Monosyllabic Word  Intelligibility
(American  Standards Association. 1960).  An
Flectro~voice microphone was used as the transducer
for voice pickup. Signals from the microphone were
led into an Altee amplificr. The amplificed signals were
monitored with a BXK KMS electronic voltmeter and
recorded on one chanuel of an Ampex AM/FM tape

recorder,

Noise Questionnaire

A two-part questionnaire was constructed to help
in determining the psychological effects  that
exposure to conslant unvarying noise may have. The
first part of the questionnaire consisted of twenty

paired polar opposite adjectives to be rated on a
seven-point rating scale (eg., heavy light). The pairs
of polar  opposite  adjectives  were taken from
orthogonal lactors isolated by Solomon (1958) The
second hall of the questionnaire consisted of open
ended questions designed to elicit awareness and clear
deseriptions of the noise present in the altitude
chamber from the three crewmen,

Calibration

The microphones used in the equipment nois
and ambient noise measurement were calibrated with
a B&XK piztonphone. Calibration of the audiometer
used in the hearing threshold measurement was
oblained with a B&K sound level meter, an octave
filter set. and an artificial ear. When calibrating with
the transducers fitled with MX-41AR ear cushions, an
American N B 9A coupler was employed. For the
specially designed in-chamber headset, an ASA type |
coupler was used. A B&K pistonphone was used to
calibrate the sound level meter,

Calibrations of the microphonex were completed
both at normal (147 psia) and reduced (5.0 psia)
atmospheric pressures. Al calibrations at reduced
pressure occurred during “welt runs’ before the test
actually  began. Calibration at norma atmospheric
pressure wax accomplished  before the in-chamber
phase began and again after it was completed.

Pretest and posttest audiometric calibrations at
the frequencies of 5,1, 2.3, 4 and 6k Hz were made
according to the 1500 1964 standard. Under these
conditions all reported  data  represent  actual
thresholds in 43 HTL.

Calibration at reduced and normal atmospheric
pressuces of the andiometer for in-chamber testing at
the frequenciesof .3, 1,2, 3, 4 and 6k Hz was only at
approximate 130 1964 standards.  Attenuation
propertics present in the line interfacing the chamber
headset with the testing station resulted in lower
levels at + and Ok Hz. As a result., all im-chamber
thresholds are relative only to one another and
provide an index of change over time. The actual
numerical values obtained should not be regarded as

threshold in dB HTY ..
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Procedures

Noise Measurement and Analysis

Ambient noise measurements were made at six
different locations in the SMEAT chamber. Five of
the measurements were made  with a detachiable
microphone on a portable tripod in the lower level of
the chamber. The sixth  was obtained with a
permanently attached  microphone located i the
approximate center of the second level of the
chamber. Readings for all locations were for approxi-
mately five to eight minutes. The measurements were
conducted several times at 1.7 psia and on nine

separate occasions during the in-chamber phase.

Fquipment noise measurements depended on the
scheduled use of the equipment for any particular
day. Fquipment measured included the specimen
the Skylab

ergometer, and the charcoal filter blower system in

mass measurement  device  (SMMD),

the waste management compartment. The SMMD and
the ergomeler were measured four times during the
SO-day test. The filter  blowers

measured twice.

charcoal were

N
chamber locations and for the three types of Skylah

ise measurcment analysis at each of the six

hardware consisted of a minimum of two sweeps
through the frequency spectrum ol 253 1z o 20k 1z
in one-third octave band widths. Direct noise levels
were placed on analog tape and voice annotated as to
the specific location or type of equipment being
measured.

Hearing Threshold Measurements

Three hearing threshold measurements were made:
both before and after the 56-day chamber phase. The
measurements were conducted al normal atmospheric
pressure in an audiometric booth at frequencies of .3,
1, 2, 3, 4, and 6k Hz. The first postchamber
measurement was made within a few hours after the
crew left the chamber. Fach crewman served as his
own control.

Threshold measurements were made with each of
the crewmen al approximately one-week intervals
56-day

atmospheric pressures. The measurements were laken

during  the chamber  phase  at reduced

in the lock-sleep compartment because it was the arca
with  the
frequencies were the sane as those in the prechiamber

fowest  hevel  of  ambient noise. The
and postchamber phases. The right and left car
hearing threshold data at cach frequeney for cach
ceewman  obtained  during  the crew Uwet run”
(chamber at 3.0 peia) became the in-chanther haseline

for that crewman.

Duriug cach hearing threshold test.a microphone
wax placed close to the crewman and the background
nowse recorded o one-third and one octave band
widths 1o determine the amount of masking present.
The procedure assured that cach test day could be
equated with any other test day .

Construction of Speech Intelligibility Tapes

The procedures in taping the word Jists that were
used in determining changes in speech intelligibility
Standard

defined by the American

for Measurement  of Monosyllabic Word

were those
Method
Intelligibility . Fach word in a list was spoken singly in
the following carrier sentence: "Would you write
(key word) now.” The manner of reading was such as
o place no unnaturat stress on any word in the

sentenee,

The distanee between reader and microphone was
kept constant and voice level was monitored by both
the reader and a second party with a yu meter and an
RMS voltmeter. Words were read at the rate of one
word every four scconds. No one word hist was
repeated for a single crewman in either the headset or
speaker mode of presentation over the entire testing
procedure.

Speech Intelligibility Measurements

Specch intelligibility  scores were obtained  at
approximately one-week intervals. The mode of word
list presentation was alternated between the headset
and the speaker with four measurements obtained
with headsct and six obtained with the speaker.
Baseline scores for both modes were: obtained with
the crewmen on two occasions at normal atmospherie
pressure. One baseline score, speaker mode only, was

obtained at reduced pressure.
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The signal-to-naise ratio Tor specech mtelligiblity
lvels was determined  belore the chamber phase
hegan and st at approsmalely 7O pereent correct for
bhoth mades,

The erewnian being tested =at in o chair three
meters in front of the speaker when this mode was
used. When the word fists were presented through the
headset, the erewman sat in the Joeksleep compart-
ment st the same lacation cmptos ed for determining

hearing threshold fevels.

The crewman was presented with lwo w ord lists
ol 50 words cach. Scoring of word intelligibility wa~
acrording 1o the procedure ol the American
standards  Association. v word  was  considered
incorrect if any one of the sounds in the spelling was
incorrecth mdicated. Incorredt spellings which
resubted ina word that sounded a= originally heard

were considered correet.

fu both the headset and speaker mode of word
fist  presentation,  the  erewman positioned  a
microphone approximately 5 meters from his head in
order 1o permit one-third octave and one octave band
analy si~ ol background soise during cach of the two

word lisls prl'.wnlmt

Noise Questionnaire

The crewmen completed  the guestionnaire at
ten-day intervals eight times, three tones before the
chamber phase and five times in-chamber. Primary
attention was giw-n to the w a the erewmen rated the
soundl present in the chamber on the seveu-point scale
comprised of paired polar opposite adjectives and

their actual weitten descriptions of the <ound.

Results

Ambient Noise Measurement

Low frequeney noise was predominant in the
chamber. In every instanee there was a progressive
drop in noise level toward the high trequeney end of
the spectrum. Bevond 10K He, there was no noise
present above 25 dB in ecither of the two sleep
compartments (where noise levels were consistently

lowest) or the waste management compartment.

When all sicasurement locations are compared it
i~ apparent that there was a shight tendency toward
sreater variahility at the high end of the measured
spectrum, The greatest overall variability in noise
speetral content veeurred in the ward room where the
day -to-dav noise level varied ap to 15dB over a

significant portion of the spectrum.

Overall and A weighted sound pressure levels plot-
ted a~ a Tunction of time (pre- and inchamber) for
cach mcasarenient loeation are showw in Figure 141,
Inspection of this figure indicates that there was little
change in the overall sound pressare level in the
chamber during the 50 days. {1 any thing, there wis a
very Sight decrease i level at several locations. Ax
would  be  expected. there s somewhat  nore
variability in the Aweighted sound pressure levels,
but even these valoes remained  fairly  consistent
throughout  the 36 davs. The highest A-weighted
levels occurred approvimately midway through the
study  and  were undoubtedly associated with the
operation of the Shylah carbon imonoxide monitor

which was located in the ward room.

CDR/PLT WASTE MGT
SLEEP COMPT SPT SLEEP COMPT COMPT

IR TR p SN NS e PO, SO B
40 b {
3O ok ame e s P G

oo A-WEIGHTED
—e OVERALL

2ot eertree,.

| .
70»\‘ fl.a seetta st | | e oo
60 ‘*"\“ S WO VPO POy
dB SPL (o | 4 st
: WARD EXPERIMENT
40 ROOM AREA v IND DECK

0 i e e b e
1234 16294152 1234 16294152 1234 1829 4152

PRE- IN-
CHAMBER CHAMBER
TEST DAY TESY DAY

Figure 14-1. Sound pressure Jevels (re 0002 dynr/cm2)
of ambient noise af each of the six measurement locations.

Atthough limited  data are  available to make
comparisonis. it can he seen from Figure 14-1 that
measured  noise levels in the chamber  decreased
approaimately 3 o 8dB when the atmospheric
pressure was reduced from 1ET to 5.0psi. The
decrease i sound level with reduced pressure was
frequency dependent and varied with measurement

location.
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Fquipment Noise Measurement

The noise resulting from the use of the ergometer
during SMEAT exceeded the Skylab noise specifica-
tion by approximately 5dB. The crgometer was
operated at a workload of 130 watts at 60 rpm.

Operation  of  the SMAMD did  not produee
excessive noise, When compared to the noise in the
waste mansgement compartment where the device
was located, it became apparent that the SMMD noise
was o greater than the ambient noise in the arca. Use
of SMMD did, however, result in high intensity, high
frequency peak noise, a whine which was subjectively
quite noticeable.

The charcoal filter Mowers were significant noise
generators and exveeded Skylab noise specifications
by approximately -Fdl3,

Hearing Threshold Measurement

Figure 142 represents the results of in-chamber
threshold data obtained for cach of the three
crewmen. hispection of these figures indicates that
there were no outstanding changes in any of the
crewmen’s hearing  during  the actual 56 days of
unvarying noise exposure. However, some noticeable
threshold shifts are evident. The CDR shows small
downward trends at 3 and 3k Hz in the lett car and at
2.3 and Ok Hz in the right ear. The data colleeted for
the SPT indicate negative threshold shifts at 1, 2,3,
and 4k Hz for the left ear and at 2.3 and 3k Hz in the
right ear. The in-chamber hearing threshold  data
obtained for the PLT indicate that, with the
exception  of some  day-to-day variability, this
erewman’s hearing remained unchanged throughout
the 56-day test.

Figure 14-3 illustrates the pre- and postchamber
hearing threshold data collected for cach of the
crewmen. The mean and the range of three
measurements  made  prechamber  represent  the
bascline. Compared against this baseline are data
obtained at approximately five hours (R+0) after exit
from the chamber. The other two points were
obtained two days and twelve days following exat

from the chamber.
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Figure 14-3. Right and left ear hearing threshold levels at six
test frequencies for the CDR, SPT and PLT. Three pre-
chamber baseline and three postchamber measurements are
shown.

Note that for the CDR rather large threshold
shifts occurred at R+, particularly at 500 Hz and
6k Hz in the left and right ears. The PLT experienced
rather substantial negative threshold shifts at R+0 at
500 Hz in the left car and 500 Hz, 1k Hz, 3k Hz, and
4k Hz in the right ear. Pre- and postchamber
threshold data for the SPT indicate relatively large
negative threshold shifts at 500 Hz in both the left
and right cars at R+0).

Speech Intelligibility

The resalts of the speech intelligibility measure-
ments are presented i Figure 14-4. The numbers
in parenthesis adjacent to each data point are
preferred specch interference levels (PSIL) in dB.
These values were derived from the one octave band
noist measurements made  during  cach  speech
intelligibility test by averaging the sound pressure
levels of the octave bands centered at 500, 1,000, and

2,000 Hz.

An  analvsis  of these data reveals several
significant findings. First, intelligibility scores were
invariably higher with the headset mode of presenta-
tion. The overall average scores were approximately
80 percent and 60 percent correct intelligibility for
the headset mode and speaker mode, respectively.
With few exceptions. this finding correlated well with
the fact that speech interference levels were generally
5 to 10.dB lower at the headset mode test location
than at the speaker mode test location. Also, even
within modes of presentation, intelligibility scores
tended o vary a: a function of PSIL. Two of the
subjects gave evidence of a gradual deterioration in
their ability (o accurately comprehend the test words,
particularly toward the end of the study. These were
the same two subjects who demonstrated increased
hearing thresholds during the course of the study.
There were no differences in intelligibility  scores
obtained under normal and reduced atmospheric
pressure when the test words were presented via
headset. However, a decrease in intelligibility was
observed in all three subjects when the speaker mode
was used at reduced pressure,

Noise Questionnaire

Information obtained from the special environ-
mental noise questionnaire was generally inconclu-
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Figure 144, Speech intelligibility scores for the CDR, SPT,
PLT. Date for speaker and headset modes are plotied sepa-
rately as a function of test day. Numbers in parenthesis
represent the preferred speech interference level (PSIL)
indB.

sive. On the word-pair portion of the questionnaire,
all  crewmen  gave a preponderance of  neutral
responses. The SPT did ~how some tendeney toward
polarity on soveral word  pairs. For exanmple, he
consistently rated the chamber noise ax being more
unpleasant and annoying than cither of the other
crewmen. No oulstanding  comments were chicited
from the crewmen on the open ended portion ol the
questionnaire. In general, their subjective observa-
tions correlated with the noise data obtained in that
they reported the noise o be predominantly How
frequency an natore, the ward room as being the
loudest area of the chamber, the CHDR/PLT sleep
compartment the quictest, and the ergometer as being
the loudest and most annoy ing piece of equpment

hardware.

Conclusions

The acoustical noise enviconment in SMEAT was
not like that expected for Skylab. SMEAT chamber
noise was influenced by the vacuum pumps and other
environmental control systems located  near the
chamber. There are hardware systems on Skylab
which produce more mid- to high frequency range
noise than was present in SMEAT.

Only general conclusions can be reached on the
effect of SMEAT noise on the crewmen. Two
crewmen  experienced  a amall  hearing decrement
in-chamber, but there was no pattern as to the ear
and frequency affected. Temporary hearing threshold
shifts were observed in all three crewmen post-
chamber. These postchamber threshold shifts were
perhaps the most significant finding of the study.
However, exposure to the SMEAT noise environment
had no lasting detrimental cffects on the crew’s

hearing.

There are no firm explanations with respeet to
the apparent  gradual  deterioration  of speech
comprehension  ability of two of the crewmen.
Reduced  atmospheric  pressure  cannot be  held
responsible since the data indicate that speech
interference levels in the headset mode were slightly
lower at 5.0 psia and in the speaker mode test area
were essentially the same at 14.7 psia as at 5.40) psia.
Performance on the speech intelligibility task may
have been affected by subtle fatigue factors.
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CHAPTER 15
CREW MICROBIOLOGY (DTO 71-19)

B.C. Wooley, Ph.D_; J.L. McQueen, D.V.M.; R.C. Graves,
B.S.; B.J. Mieszkue, M.S.; G.R. Taylor, Ph. D.

Lyndon B. Johnson Space Center

VMan has evolved i intimate and conzlant associa-
tion with complex microflora. Some of these produce
discase and others penerally do not. Pathogens. or
discase-producing organisms, are not normally part of
man’~ indizenous body {flora. While the modes of
transmission ol discase by these organisms is well
understood, the mechanisms ol disease production by
the indigenous flora are poorly understood. It is well
established, however, that damaging cffects of the
indigenous microflora become manifest chiefly when
individualks are placed under conditions that differ
from those under which the normal equilibriam
between host and microbes hecame established.

Spacecraft represent such a new  and  unigue
environment, Sinee the prevention and conltrol of
infections discases during space missions is directly
related to crew salely and mission suecess, it s
important to study man-microbe ccological paltems
under the conditions of space flight, especially space
Might of long daration.

The Skvlab missions are the first to provide the
capability {or inflight microbiological studies and
disease diagnoses. Microbial alterations that occur will
be the complex resultant of the combined physical
and  biological factors that prevail in the space

covironment.,

The purpose of the SMEAT microbiology tests
was obtain  data
interactions which refleet the effects of ground-based
Shylab such
semiclosed ecosyvstem, diet. restricted activity, and

to on  man-microbe-environment

parameters, as confinecment in a

reduced pressure, on erew microbial burdens and on

the microbial ceology of the SMEAT chamber. This

information has direet bearing on crew health and

materals  degradation  within  the actual  orbatal
assembly.
Equipment and Procedures
Specimen  collection regimens and  processing

schema for the SMEAT microbiological studies are
summarized in Table 151, Sterife phosphate buffered
saline (PBS) was used throughout the study as the
medium  dor bacteriolowy  and

mitial  collection

mycology.  Farles halanced saltsolution containing
0.5 percent gelatin was used as the diluent for
specimens for virologic analyses. Gargle samples were
obtained by having the crewmembers gargle and
“wash” the oral cavity with PBS and return the
material o the original container. Skin and nasal
sampling  was accomplished  wsing premoistened
calcium alginate swabs which were placed individually
in tubes containing PBS. Midstream urine and fecal
samples were collected i sterile containers.

For chamber microbial monitoring, two stainless
steel strips were collected weekly from cach of cight
locations and placed  individually in sterile metal
screw cap conlainers. Ten-minute air samples were
collected using a standard six-stage Anderson Cascade
Air Sampler calibrated for one cubic foot per minute
(0,028 m3 per min) of air at 5.0 psia (35.2 gm per
cm? absolute). Before a chamber swab sample was
taken, the arca was first outlined with a template.
The area was then scrubbed with a moistened swab
and dried with a second swabh. Both swabs were

placed in a single tube containing PBS,
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Specimens  collected  during the prechamber
period were processed as soon as possible, usually
within 30 minutes, after  collection.  Specimens
collected during the chamber yun were passed oul
through the transfer lock as soon as possible after
collection.  Ordinarily, about one  hour elapsed
between  the time of collection and  laboratory
processing of intrachamber samples.

Crew Myeology

To permit quantitative wolation of fungi, aliquots
of cach sample were inoculated onto corn meal/malt-
extract/yeast-extract agar with antibiotics (CMMY),
Sabouraud’s dextrose agar with antibiotics (SAB),
and Czapek-Dox agar (CD). After incubation, isolated
colonirs were counted and recovered from the agar
suriaces for identification. To recover fungi presentin
low numbers, diluents of skin-swal samples and urine
were each centrifuged and the sediments inoculated
onto the three agars. Species not recovered from the
first set of isolation plates were removed  for

identification,

Crew Bacteriology

Skin samplex were inoculated onto blood agar,
Staphylococeus- 110 agar, and letheen agar 1o isolate
acrobes and onto blood agar containing vitamin K
and hemin for anaerobes. Throat-mouth gargle was
inoculated onto  blood agar, Staphylococcus-t 10,
Mitis-Salivarius agar, and chocolate agar containing
bacitracin  for aerobes. Rogosa agar, Paromo-
my cin-Vancomycin-Menadione agar, and blood agar
with vitamin K and hemin were used for anaerobes.
Urine aerobe isolation was done with blood agar,
Staphylococeus-110  agar,  MacConkey agar, and
chocolate agar containing bacitracin.  Following
incubation, isolated colonies were counted and
recovered from the agar surfaces for identification.

To recover aerobic bacteria present in low
numbers, a standard loop of each sample was
inoculated into  trypticase  soy broth.  After
incubation, the broth was streaked on the above
media and incubated again. Those species not
recovered from the first set of isolation plates were
removed for identification.

Crew Virology

Twenty pereent (w/v)  stool  suspensions were
prepared by homogenizing the specimen with Farle s
balanced salt solution in a Sorvall ominimiser. ‘The
suspension was centrifuged and the supernatant was
adjusted to neutrality and Areated with penieitling
streptomycin, and fungizone.

The pharyngeal swab gargle  pecimens were
processed by expressing the medivm from the swab
and transferring it to the gargle. A portion of the
apreimen was reserved for mycoplasma analy sis and
the remammder was centrifuged. The supernatant was
adjusted to neutrality . The portion ased Tor tisne
culture challenge was treated with streptomyein and
fungizone; the portion used for embryonated cpg
challenge  was  treated  with peoicillin. and
streptomyein. The portion reserved for mycoplasma
analysis was treated with stapheitlin and pruicillin,

The: urine specimens were adjusted to neutrality
and a portion reserved for mycoplasma analysis. The
remainder, which  was used  for tissue culture
challenge, was centrifuged. The antibiotic treatment
for the urine specimens was similar to the pharyngeal
swab-gargle specimens,

Primary rhesus monkey  Kidney and  diploid
semicontinuous human embryvonic lung were utilized.
Six culture tubes of cach cell culture vpe were
inoculated with the treated specimens, The cultures
were rolled in roller drums at designated temperatuees
and were examined daily by microscope. At ten-day
intervals, two blind subpassages were made. The final
cultures were  challenged  with vesicular stomatitiz
virus o detect hidden infection.

Treated stool specimens were also inoculated into
suckling ice. The mice were observed daily, and
subpassaged after fourteen days.

The treated pharyngeal swab-gargle  specimens
were also inoculated into the amniotic and allantoic
sacs of embryonated chicken eggs. The inoculated
cggs were incubated in increased humidity and
observed daily for evidences of infection. At four-day
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intenvals,  two  blind - subpassages were  made.
Subpassage material from celt cultures, suckling mice,
and canbry onated eggs was tested for hemagglutinin
using chicken, guinea pig, and human 0 erythrocytes
at ambient temperatures and 10C.

My coplasma  izolations  were attempted  from
treated pharyngeal swab-gargle and urine specimens.
The medium developed by Nay flick and modificd by
Burile was used as an agar and a broth. Shepard’s
medinm for the primary isolation of small colony
miycoplasma (T-strains) was also used. The plates
were incubated at 36000 (309°K) in a humidified
five percent €O5-95 percent air envieomment, The
cultures were examined daily {or growth and the
wolants were identified. The specimens moculated
imto Hayflick’s broth (pl1 7.2) were subpassaged
three times at lour and seven days into broth and
agar. A-3 and U9 broths and A0 agar plates of
Shepard’s medinm (pll 6.0) were utilized. The broth
cultures were subpassaged into A6 agar plates after

cighteen hours meubation,

Environmental Microbiology

Fach stainless steel steip was transfeeced to a flask
containing - 0.2 pereent Tween 80 solution  and
mnsonated. Half the suspension was heat shocked at
80°C for twenty mimutes. Serial dilutions of the
remaining  half were prepared  in the Tween 80
solution. \liquots of cach dilution were placed on
Tevpticase soy agar (TS A) and on blood agar plates.
The TSN plates were incabated under aerobic
conditions and the blood plates were incubated under
anacrobic  conditions at 3790 (310°K). The heat
shocked portion was handled in the same manner as
the nonheat-shocked portion.

Acrobic colonies were counted after 48 hours:
anacrobic  colontes  were  counted  alter 96 hours.
Following quantitation, all plates were examined {or
different colony types and species were identified by
standard procedures.

After using the Anderson Air Sampler, the unit
was passed out of the chamber and the plates
removed. The six plates were incubated 48 hours at
37°C (310°K) and colonies were counted. Fach platg

was then examined qualitatively m the same manner
as those {rom the stainless steel strips.

Fach swab sample was taken at chamber clostout
and vortexed for two minutes. It was deemed not
necessary to heat shock or analyze the swab samples
for anaerobes,

After vortexing, serial dilutions were made in
sterile phosphate buffer. Duplicate blood agar spread
plates were prepared for each dilution. Al plates were
wcubated at 37°C (310°K) for 48 hours and then
exaniined quantitatively. Following quantitation. the
plates were examined for different colony types and
treated in the same manuer as the  acrobie, nonheat-
treated stainless steel strip plates,

Original material from both the strip samples and
swab samples were examined for fungi and yeasts
using CMMIY contaiming antibioties. All plates were
incubated at eoom temperature for seven days. All
filamentous fungi and  yeasts were solated  and
ideatified using standard provedures.

Fecal Anaerobic Flora Studies

Nine samples were  taken from cach of the
crewmembers, The first three samples were on normal
diel, the tourth sample was after three weeks on
astronaut dict prechamber, the fifth sample after two
weeks in-chamber. the sixth sample four weeks
mn-chamber, the seventh sample at the end of the
chamber run, the cighth two weeks after coming out
of the chamber (<t on astronaut dict), and the ninth
after four or more week= on normad diet.,

Specimens were collected and transported to the
laboratory where they were placed in polypropy lene
plastic bags Mshied with oxygen-free carbon dioxide.
Stool specimens were thoroughly mixed by kneading
the plastic bags. Subsamples of feces were then placed
in preweighed tubes containing prereduced butfered
salts solution. Dilutions of 108, 109 or 1010 were
cultured in triplicate in preceduced rumen fluid-glu-
cose-cellobiose agar roll tubes (a nonselective medium)
and incubated. Concurrently, slides for direct micro-
scopic elump connts were made from 1073 or 104 dilu-
tionsin the same dilution series used for culture.
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An average of 35 unsclected colonics were picked
at random from cultures of the highest dilutions.
Duplicate lyophilized cultures were prepared and
stored on each isolate resulting from the colony
picked the tube. The

restreaked and checked for purity by uniformity of

from roll isolates  were
colony type and by direct microscopic observation.
Triplicate lyophilized vials were then prepared on
cach isolate resulting from the second streaking.
Analyses for biochemical charactcristics, metabolic
pathways, and morphology — averaging more  than
40 tests per strain — were carried out to characterize

each isolate and allow speciation.

Results and Discussion

Skin Bactenial Flora Studies

The combined incidence of the predominant

N
-1

The table
shows that the gram positive bacilli and the gram

crewmembers is presentedin Table 152
negative (lavobacteria were not, with one exeeption,
recovered from the skin after the crewmembers were
inside  the  chamber,
during the
approximately equal proportions  {rom all  crew-

isolated These  organisms,

recovered prechamber period i
members, are obviously not part of the idigenous
flora and represent contamination of the skin by
ubiquitous  organisms.  The

isolated are almost never involved in pathological

species . which were
processes. This represents an example of microflora
alteration resulting from isolation in a closed environ-
ment.

The largest proportion of the indigenous acrobic
flora of all
comprised  of numerous species or subgroups of

skin crewmembers was found to be

bacteria found on seven skin sites from all SMEAT  corynebacteria, micrococei  and  Staphylococcus
Table 15-2
Incidence of Predominant Bacteria on Seven Skin Sites?
During the Prechamber, In-chamber, and Postehamber Periods
Prechamber (6)° In-chamber (4} Postchamber
CDR, SPT,PLT €77 thru € -0 C+21thru C + 56 R+14
No. Isolants Meand No. Isolants Mean No. Isolants
Bacillus spp. (10)¢ 49 1 -&
Flavobacterium sp. 29 S 0 0
Corynebacterium spp. (15) 198 33 133 33 26
Micrococcus spp. {7) 113 19 92 23 12
Staphylococcus epidermis {5} 141 23 73 18 12
Streptococcus spp. (6) 24 4 10 2 2
Mima spp. and Moraxella spp. (5} 15 7 2 1
Gram negative enterics? 17 3 1 - 1
Anaerobic cocci (7)1 41 7 3 - 1
Propionibacterium spp. (5) 100 17 39 10 6

3Neck, ear, axilia, hands, umbilticus, groin, toe web
PNumber of times sampled
SNumber of species, varieties or subgroups

dNo. isolants

mean rounded to nearest whole number
No. samples

€Less than 1
f Chamber minus 77 days through chamber close
9Escherichia, Enterobacter, Kiebsiella

hPeptor;occus and Peptostreptococcus
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eptdermis. It may be noted that the incidence of
these organisms on the shin was not affected by
chainber confinement and/or chamber environmental

factors,

The incidence of S epidermis types 1l and Vi
showed a relative decrease during the period  of
conlinement. S, epidermis was isolated in almost pure
culture: from an acne pustule of one crewmember
during  the  prechamber  period. Although  the
ceuplions partially  receded following  tetracyeline
therapy . these pustules continued 1o b present
during the chamber run and recurrence of lesions
followed return to the normal postchamber environ-

ment.

The acrobic, gram positive micrococei from the
third major group ol indigenons  shin flora were
common to all theee crewmembers.

Various species of streptococei were found with
approximately equal frequencies on all crewmembers,
During  chammber  conflinement  the  incidenee of
Streptococceus  faecalis, Streptococcus  milis,
Streptococeus  salivarius, and  the  alpha-gamma-
hemohv e streptococei showed  a decrease in
occurrence. Beta-hemolytie, non-Group A,

streptococes increased i oceurrence.

The significant decrease of gram negative enteries
during chamber  confinement suggests that  their
oceurrence on the skin may be dependent on con-
tinued exposure to the outside environment including
varied  social  contacl.  Alternativelh . one  may
postulate that chamber environmentat factors are not
favorable for survival of thes organisms once shed
from their normal habitat n the oral cavity and
intestinal  tract. In either case. the fact that these
= during

enterics did not inerease on shin surfa
chamber  confinement is a suggestion  that  the
personal - hygiene  regimes were adequate. Any
significant buildup of these organism~ in the oral

cavity or shin would have  been indicative of

“bacterial flooding™ (movement from the gut 1o the
oral cavity and shin) and a cause for serious concern.

It can be noted from Table 15-2 that recovery of
anacrobic cocer (Peptococens spp. and Peptostrepto-
coceus spp. and Propionibacterium spp.) in-chamber

was  significanthy decreased (p <0.01, Wilcoxon's
Rank-Sum Test). This may be attributed to the
effects of envirommental factors, such as clevated
oxygen level, or to personal hygiene regimens, or to
both.

The combined quantitative values from all crew-
members of the predominant bacteria recovered from
seven skin sitex during the prechamber, in-chamber,
and postchamber periods are shown in Fable 15-3. With
respect to the corynebacteria, the micrococei, and
S. epidermis, the ranges of values during all periods

remained  fairly  constant and  this  pattern was
characteristic of all three erewmembers. The numbers
of  streplococer recovered  from  the  skin were
decreased by approximately  one-dog  during  the
chamber run with uo consistent patterns among the

three erewmembers.,

Although there was a significant deercase in the
mcidence  of  anacrobie  cocel, there was not a
significant decrease in quantity . Further analvses of
the data reveala slight inerease in the Beta-hemoly tic,
non-Group A streplococei and an overall decrease of
one-og in all other streptococci. The total burden of
anacrobic cocet reeovered from shin surfaces during
the chamber nin was due o the isolation of
Peptostreptococcus  anaerobius  from one  crew-
member’s umbilicus and the isolation of Peptococcus
prevotii and P. anaerobius from the hands of another
erewmember. These organisms were recovered only
during the fifth week of the chamber run,

While the inchamber incidence  of Propioni-
bacteria was reduced approximately S0 percent from
the prechamber bascline, this was not accompanied
by a large reduction in the average number of
Propionibacteria (Table 15-3). Although the Propioni-
bacterium spp. were isolated from fewer sites during
the chamber mn. the total numbers remained almost
constant due to the continued isolation of P.aenes

from all three erewmembers.

Analyses of duta relating both to the kinds and
numbers of bacteria present  on skin surfaces suggest
that chamber conlinement had litthe | if any, effect on
the indigenous aerobic <kin flora. However, there was
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a significant decrease in both the kinds and numbers
of anaerobic skin bacteria during the period of
chamber confinement. This decrease was due mainly
to the almost complete disappearance of anaerobic
cocei and significant reductions in two species of
Propionibacterium. This may or may not be a
reflection of changes oceurring in the deep layers of
the skin where anacrobic conditions, which favor the
survival of these organisms, are maintained. It is
entirely  possible that the burden is
unchanged in the deeper layers of the skin and that

microbial

“
-1

the changes noted during the chamber cun are only
the result of accelerated mactivation of anacrobic
bacteria due to the slightly clevated partial pressure
of oxygen. Aiternatively, it may be suggested that a
reduction in whole-body washing resulted in changes
in the skin surface environment which mediated
towards lower skin  surface burdens of viable
anacrobic bacteria. Detailed data analyses reveal that
decrcases in  anacrobic  skin  flora  were  not
accompanied by increases in othor gencra or species

of aerobic bacteria.

Table 15--3

(uantitative Values of Predominant Bacteria on Seven Skin Sites?

During the Prechamber, In-chamber and Postchamber Periods

e
Prechamber (610 {n-chamber (4) Postchamber
Isolants From C—77¢ thry C—0 C+21thruC +56 R+14 R+ 42
- thru C — t +
CDR, SPT, PLT PR v
Range' Mean Range Mean No. Isolants | No. tsolants
Corynebacterium spp. 95 x 5% 50x5 1.1x6
to 22x6 10 65x5 1.1x6
73x6 75x5
Micrococcus spp. B7x4 156x5
to 36x5 to 22x5 89x4
72x5 30x5
Staphylococcus epidermis 7.3x4 49 x4
to 18x5 to 7.7x4 22x5
42 x5 11x5
Streptococcus spp. 1.0x2 10x?2
to 20x3 to 24x2 20x2
48x3 42x2
Mima spp. and Moraxella spp. 7.2x 2 60x1
to 1.1x3 to 25x2 54 x2
50x4 49x2
Anaerobic cocci' 37x4 o]
to 66x4 to 9.7x4 90x3
16x5 39x5
Propionibacterium spp. 23x4 93x3
to 93x4 to 471 x4 16x3
16x5 90x4

3Neck, ear, axilla, hands, umbillicus, groin, toe web

bNumber of times sampled

€Chamber minus 77 days through chamber close

c'Fiange of total values from atl crewmembers
€95 x 10° viable cells per em3 of diluent

fPeptostreptococt:us and Peptococcus
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Nasal and Oral Bacterial Flora Studies

Wherecas Staphviococeus epidermidis
quattilations remained very stable the number of
viable  Staphylococcus  aurcus  cells recovered
increased during the chamber confinement period.
The majority  of Staphvlocorcus awreus olations
were made drom  throat-mouth  gargle  specimens,
Analyses of the phage typing data reveal that there
was o interchange of S, aurens between the CHR
and SPT. with each crewmember carrviag only his
particular phage tvpes on the SKin, in the external
narex, or in the throat and mouth.

Strains of S aureus were isolated only twice from
the PLT during the seventh and cighth weeks of
chamber  confinement. During  the twelve-weck
prechamber period, S eureus was recovered from the
gargle, shin, and nasal area of the CHR a total ol nine
times, During the cight-week im-chamber period. the
incidence of recovery increased o Tourteen. Similar
totals for the SV during  the prechamber and
in-chamber periods were theee and cight. respectively,

At the beginuing of the chamber study, the
number of viable convnebacteria recovered from the
nasal samples  decreased. Mueh of this loss was
replaved with an increased number of viable S, aureus
cells up to the third week in-chamber. After that, S,
aureus  maintained  a  ligh  cidenee and - the
corynchacteria regained their former high quantita-
tion until the end of the chamber confinement,

As with the nasal samples, acrobic bacteria
recovered from the gargle samples demonstrated veny
Litde  variation.  Streptococeus  mitis generally
accounted for the high quantitations. Other species
which were also present i high numbers were
Streptococcus salwarius, {lacmophilus parainfluenzae,
and  Neisserta  perflava. S, saliarws, S, mitis,
Staphvlococcus epidermidis, N. perflava, and H.
parainfluenzae  were always recovered from every
sample  period. No  significant change  could  be
detected in the icidenee of these species resulting
from lest conditions. Klebsiella pneumoniae was
present in prechamber gargles but was not recovered
from in-chamber samples. Pseudomonas maltophalia

was recovered from one of the last m-chamber

samples. Betahemoly tie streplococesand Haemophilus
influenzae were nearly  always recovered. The
quantitabion of Fscherichia eoliy, which was recovered
from most sample periods, remained very constant,

The  above  data  indicate  that  whereas  the
astronants were burdened  with several sproies of
medically important micro-organisms in the nasat and
oral cavity. no alterations could be detected in their
microbial flora which could be directly related 1o
flight food or clinnber conditions.

The most commonhy isolated anacrobic bacteria
were members ol e genera Propionobacterium
which decrcased  through e seventh week
in-chamber, This decrease was not matehed In an
increase in other anacrobie baetenia but does coineide
with the iercase in aecrobie baeterial quantitation
noled carlier,

Uintike the nasal samples, the number of viable
anacrobic  bacleria recovered from the gargle
specincs remaited quite constant and no significant
alterations in individual species were detected.

Crew Mycological Studies

The total wumber of yeast and of filamentons
fung recovenies prior to entry into the chamber was
quite variable A <ienidar variability was demonstrated
within the chamber. This variability underseores the
normal.  ephemeral relationship - between mtegu-
mentary fungi and the healthy body . However, even
with this wide variability, the incidence of pre-
chamber recovery ol filamentous fungi values could
be  demonstrated  to be significantly different
(p <0.005) trom the inchamber values. as caleulated
by the Wilconon Rank-Smin Test. This analy sis
demonstrated a sgmificant in-chamber decerease i the
fungal load of erewmembers and a similar, but not
statistically — sgmificant,  depression ol the  total
number of yeasts,

The (idamentous fungi data show that of the
52 speeres recovered duning the sampling period, 35
were isolated only onee and 42 were isolated no more

than twice. The PET contributed 59.2 percent of the
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contrilmted
8.4 pereent,

Twenty -eight pereent of all reported isolates were

recovered whereas  the CHR

221 pereent and  the <P only

funa,

recovered from nasal swabs. with about halt’ that
many being recovered from the fecal samples. the
gargles, and the oe swabs. Twenty -cight pereent of
all recovered  samples were obtaimed  from  the
remaining seven sites combined.

Aureobasidium Cladosporium

pullulans  and
cladospoioides were present inhigh numbers before
chamber closure and remained in the population
under chamber conditions. Thix ix the 3 pe ol pattern

expected ol species that are not merely transients,

On the other hand, Epicoceum ngrum, Pon-
icillium  corvmbiferum, Pithomyees astro-olivecens,
and Wallemia ichthyophage also were present in
high nambers hefore chamber closure. but wire
entirely absent from  specimens collected within
the  chamiber. These species are, therefore. un-

doubtedhy transients.

As with the filamentous fungi, a large portion
(T2 percent) of the yeast species isolated  were
transtents, Interestingly . the yeasts Pityrosporum
Torulopsis  famata, isolated in large
chamber

ovale and
numbers
recovered from the samples collected in the chamber.
Candida albicans and C. parapsilosis, however, were
recoverable from within the chamber. These results

before dosure, could not he

suggest that the probability of mycotic disturbanee
may actually be increased in the chamber. The loss of
fungi from the body surface can ups the microbial
balance of these areas and provide a more favorable
envitonment to those species which remain. For
example, the well-known pathogenic yeast, Candida
albicans, remained throughout the chamber study . In
addition, different species of Candida began to appear
near the middle of the chamber period, signaling a
buildup of these species. Likewise, the adious lungus
Aureobasidium pullulans remained through the end
of the chamber studv. In Candida and
Aureobasidium pullulans comprized 88 percent of the
recovered fungal flora by the end of the chamber
study. The number of fungi recovered retumed Lo
normal upon removal of the crewmembers from the

lact,

chamber.

Crew Virological and Mycoplasma Stadies

There was no evidenee of viral grosnth inany ol
the host sy stens moculated with specimens obtained
SNAT crew

chamber exposure. Sinee the erew remained healthy

from the belore, during. or alter
throughout the duration of the ~tudy . thesr results

were r\|u‘('l«'('.

There was a possibility that the envicomment of
SMEAT might induce the appearance oo viruses that
are nol olated narmally, but this did not oceur.
Mycoplasma orale | was repeatedly rolated from the
throats of the SPT and PET before during, and after
chamber  exposure. There were o s coplastira
isolations lrom urine. The CDR did notcares W orale
I before chamber exposure and was not cross-infeeted

during chamber residenee.

Environmental Microbiological Studics

The predominate organisms foond on the staindess
steel strips docated in cight diflerent arcas of the
chamber are show o Table 151 The total number of
organisms recovered  did ot vary materially from
week to weeh, However, varianes did oceur in the
types ol organisms isolated. For example sprcies of
Bacillus were i high numbers aiter the Tirst week,
decreased during the next two weeks and were not
recovered again for three weeks A possible explana-
tion Tor this is that alter closure of the chamber, all
items being passed into the chamiber through the
transfer lock were decontaminated or sterilized. More
use  was made of the man lockh for equipment
transfers during the last two weeks, Contamination
control for items being passed imto the chamber i
this manner was more difficult.
evident from  the data that under the
SMEAT  the

hiological burden rapidly became a duplication of the

It s

conditions ol environmental  miero-

<kin and oral flora ol the
This

transmittal of infeclious organisms between crew-

personnel in - the

environment. could beconre  sipniticant

members as well as between erew s,

The recovery of veast and fungi in relatively farge
numhers  throughout the chamber over the cight
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Table 154

Quantitative Values of Predominant Bacteria Recovered From Stainless Steel Strips

SRYLABMEDICAL EXPERIMENTS ALTITUDE TEST

Juhian Date 215 222 229 236 243 250 257 264
Bacillus spp 8x10% [ 1x10"[2x10" |0 0 0 6x 102 [2x103
Corynebacterium spp. 2x103 | 2x10%{3x10% | 3x 103 |3x10% [9x 108 |1x103 [9x 103
Micrococcus spp. 5 x 102 2x 104 1x10% [4x 103 5 x 104 5 x 104 9 x 103 2x 'IO4
Mima 0 0 0 8x10? |o 0 0 0
Staphylococcus epidermidis 8 x 103 7 x 103 1x 104 3 x 103 1 x 104 1 x 104 3x 103 3x 104
Staphylococcus aureus 2 x 102 0 8x 102 8 x ‘lO2 4 x 103 0 4] 2 x 102
Streptococcus spp. 5x10! |8x102 1x10% 0 4} 4] 0 0
Propionebacterium spp. 8 x 102 4] 2% 103 1x 103 0 0 4] 0
Yeast and fungt 2x10% [4x 102 [2x 103 [9x 102 |6x 103 |7x 100 {3x 100 | 2x 102

Totals 9x10% [5x10% |2x10% [ 1x10% {1x10° [7x10% [1x10% | 6 x 107

“Sum of 5 strips expressed as organisms per square inch.

weeks could have significant implications. Yeasts such
as Candida and Rhodotorula. both of which were
recovered {rom the environment, are recognized as

“opportunistic” micro-organisms  with  significant
pathogenic  potential. - Filamentous  fungi  like

Aspergillus and Penicidlium can become medically
significant and  also may degrade hardware, In a
reduced gravity environment where acrosol burdens
are cxpected o be quite high, large quantities of
fungal spores could be inhaled and cause infectious
and/or allergic reactions in the crewmembers,

Numerous yeasts and fungi were recovered from
contingeney samples taken around the food chiller.
This was an area of high humidity and visible growth
was observed on the chamber wall. These types of
organisms ¢an be expected to occur in Shylab and to
proliferate if arcas of high humidity (65 pereent or
above) are maintained.

The exhalation hose of the metabolic analyzer
was examined for microbial contamination during
and at the end of the chamber study. Two types of
ycast, Candida laurentil and Rhodotorula rubra, were
recovered each time. In addition, another yeast
Candida albicans and two filamentous fungi,

Penicillium funiculasium and Botrytis cinerea wcre
tecovered in the last sample. The inside of the hose is
an area ol high humidity and gives ideal conditions
for growth of yeasts and fungi.

Immediately  after the crew left the chamber,
30 chamber arcas were sampled using the swab-rinse
technique. The results show direct correlation with
the skin flora of the SMEAT crewmembers. Yeast or
fungi were recovered from 17 of the 30 locations,
with eight locations having more than one type.

Levels of organisms obtained from the swabs were
lower than those obtained on the stainless steel strips.
A possible explanation is that the strips were not
disturbed during the eight weeks except for times of
sampling, while the majority of the swabbed arcas
had

vacuuming or washing, during the chamber test,

undergone  some  form  of  housekeeping,

The Anderson Air Sampler, which was run for a
ten-minute  period  each  week at a rate of
0.028 m3/min indicated a microbial burden in the
chamber  atmosphere of eight to ten organisms,
predominantly  micrococei and  staphylococei  per
0.028 m3. These counts were quite  high  when
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compared (o normal environments where two o four

organisms per cubie neter are expected.
Fecal Anaerobic Flora Studies

The cultural procedure allowed recovery of an
average of 93 percent of the direct microscopic clump
count. This is one-to-two orders of magnitude higher
than has been generally reported in the literature with
previous techniques. One hundred and forty (1:4)
distinct species or subspecies have been detected in
the isolates that have been examined. Although a
complete analysis of the data is not yet available, it
appears that there was no major change in the total
number of organisms preseat as a result of diet or
environment. The data, however, do suggest that
there may be some simplification of the flora on the
astronaut diet. [t is quite possible that this diet was of
lessvaried composition than the uncontrolled normal
diet. I such is the case, the simplification of the flora
would further conlirm previous observations that the
relative proportion of major species in the flora i
highly sensitive to individual dielary components.

Individual differences in fecal flora persisted
during SMEAT. B. fragilis ~s. thetaiotaomicron and B.
fragilis ss. vulgatus were the only species seen in all
individuals in cach sample examined. These organisms
are sometimes associated with soft lissue infections,
and they convert bile salts to possibly undesirable
intermediate products. Bacteroides fragilis ss. fragilis,
the subspecies of B. fragilis most often isolated from
infections, was found only twice. The relatively low
fecal flora s

incidence  of this  subspecies

commensurate with data from other individuals.

The proportion of Hacteroides  fragilis s~
thetlaiotaomicron was increased over the normal fevel
in all three crewmembers after four weeks in the
chamber. Chromatographic analyses of fecal speci-
mens, however, showed normal levels of fecal
steroids. The significance of the increase in B. fragilis
ss thetaiotaomicron is unknown at present. The levels
of the other specics obtained thus far were within the
ranges observed among “normal™ North Americans
and Japanese Hawaiians.

The same pereentage of resistant strains of A,
fragilis was maintained for cach crewman throughout
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the test, which suggests that under these conditions.
individuals maintain their own peesonal flora ty pee. It
also indicates that cross-contamination ol ntestinal

flora was not signilicant.

It appears that the composition ol the fecal flora
is strongly controlled by the physiology of the host
individual. but that the environment and diet wested

do affectat.
Conclusions

States of microbia! imbalance as a result of the
SMEAT chamber confinement oceurred, for the most
part, only in those genera and species of hacteria,
yeast, and fungi which are classified as transients and
are not part of the true indigenous flora ol the

crewmembers,

Inasmuch as no crew illness events oceurred and
only subtle changes in the indigenous flora were
noted, it appears that confinement of 56 days in a
Skylab  simulated environment does not mediate
toward shifts in bacterial populations which have
obwious clinical significance.

The lack of buildup of skin {lora, pacticularly
gram negative species and enteric bacteria, suggests
that the personal hygiene regimens are adequate.

Careful analyses of preflight Skylab data. how-
ever, should be performed in order to provide
information for therapeutic decisions in case of

ness.

It is probable that latent viruses were present
among the crewmembers even though this was not
demonstrated. The SMEAT cnvironment did not
result in the activation of such latent agents, This
would suggest that viral infections may be of minimal
consequence provided erewmembers are not actually
in the incubation phase of a viral discase prior to
launch.

The facl that bacteria, yeasts, and fungi existed in
high numbers, relative to a normal environment, both
on surfaces and in the air, is highly significant. In the
zero g situation, the majority of these organisims may

exist for long periods a- acrosolized particles, making
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the atmospheric particle count several orders of
magmitude higher than normal. Continued long term
exposare and inhalation of the organisms could result
in clinical manifestations ranging in severity from
frank pncamonia to allergic responses,

The results of SMEAT also clearly demonstrate
that a variety of lilamentous fungi will survive in the
environment. Condensate fonnation resulting in local
arcas of high relative humidity will alimost certainky
create focal areas of growth. Organiams from thes
areas could then be disseminated throughout Shylab
causing degradation of a wide varicty of matenials,

Control of microbial growth during Skylab de-
pends primarily the faithful execution of
househeeping tasks. The results of SMIEAT demon-
strate that the performance of these tashs with rigor

llp()ll

is fully justified,

SRYLABMEDICAL ENXPERIMENTS ALTITUDE TEST

Comprehensive measurements of the fecal flora of
the SMEAT cresemembers on their normal diet, on the
Shylab diet, in the test chamber, and following the
chamber trial give preliminary indications that the
flora was partially simplified as a result of the
astroraut  dict. Throughout the test period, the
individual: maintained their own distinet fecal floras
without apparent cross-contamination. In general, the
bacterial feeal flora of cach person responded inde-
pendent to the variables tested. However, there was a
uniform ncrease o the levels of 8. fragilis .
thetaiotaomicron in the flora of the test subjects
during the chamber run. The levels of B. fragilis s~
thetaiotaomicron increasd above the values that we
have “normal” North

Americans and Japanese Hawaiians. The simificance

seen inoany of 25 other

ol thi= change is not yvet known.



CHAPTER 16

EFFECTS OF SMEAT ON THE ORAL HEALTH OF CREWMEN (DTO 71-2)

Lee R. Brown, Ph.D.

University of Texas Denta! Science Institute

Merrill G. Wheatcroft, D.D.S.

The University of Texas Dental Branch
Houston, Texas

To insure the unqualified success of extended
space ventures, all possible health hazards, including
dental heatth problems, must be eliminated. The oral
cavity scrves as a portal of entry for pathogenic
agenls, acts as a reservoir for infectious micro-
organisms, and plays a prominent role in cross-
contamination and discase transmission. Detectable
changes in oral microflora usually precede the clinical
manifestations of acute and chronic infectious oral
diseases. Clinical examinations of the oral tissues can
thus identify local and systemic impairments of cither
microbial or nonmicrobial origin. The objectives of
the SMEAT oral health experiment were (o compare
the microbial population dynamics in the oral micro-
environments of the crewmen before, during, and
after the 56-day SMEAT trial, and to determine
clinically the effects of space simulated environment
health, dental  caries  and

peniodontal disease.

on  oral preexisting

Equipment and Procedures
Microbiological Assessments

Specimen  Collection, Oral were
collected from all three crewmembers weekly or
semiweekly duning a period which began 25 days
prechamber and cnded 30 days postchamber. The
prechamber  and  postchamber  specimens

collected by the principal investigator, while the

specimens

were
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in-chamhber specitnens were collected v two ol the
crewmembers, Al collections  took place between
o ' )

Cameand Bam, before oral hygiene procedures or
break fast.

The specimens included dental plague, residual
saliva (unstimulated saliva), crevicular fluid (exudate
absorbed  from  the gingival sulcus  area) and
stimulated  saliva. These parameters were selected
because of their ultimate relation 1o the development
of dental caries, periodontal discase. and alveolar

bhone loss.

Dental plague was removed using o odifica
tion of the technique deseribed by Jordon et al.
(1968) Residual saliva was collected with a cali-
brated wire loop, and crevicutar Muid was obtained
by inserting a paper point into the agingival sulcus
of an upper bicuspid according o the method of
Brown et al. (1971). Fach specinen was placed
aseptically into a sterile tube containing 2 ml of
0.0 pereent peptone and 085 pereent NaClo The
peplonesaline solution served a~ both a transporl
and dilution medium,

To produce stimulated saliva, the crewmembers
chewed rubber bands and expectorated into a sterile
jar until a 5 ml indicator mark was reached. The time
required for cach crewman to collect this volume was
recorded and used to caleulate the saliva flow rate.
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bu-chamber specinens were recrived outside the
chamber  within 30 minutes alter collection. All
slwt'imc'ns were lrul|>|mrl1’t| i crached iee to the
Caisversity of  Tesas Dental Seience  Institute for
inunediate processing which oceurred about one hour

aller collection,

Specimen Processing. Serial teu-fold dilutions of
cach  specimen were plated onto a variety ol
bacteriologic media (Rogosa et al., 19531 Rogosa et
al.. 1958 Omata & Disracly, 1950: Kraus & Gaston,
1956 Richardson & Jones, 1938: Shhlair et al., 1962;
MeCarthy et al. 19052 Ritz. 1967 Gibbons &
MacDonald, 1900 Socranshy et al.. 1963
Sonnenwirth, 1905 Finegold, et al., t905) for the
cnumeration of up o seventeen microbial categories,
Duplicate platings were incubated at 37°C cither
acrobically or anacrobically. The hacteriologic media,
microbial categories aml anarrobic procedures are

shown in Figure 16-1

Specific microbial  types  from selective  and
differential media were verified by ~subculture and by

perhinent phy siolouic reactions when necessary.

fn  addition to  the  microbial  assessments,
Slimulated saliva was used to determine (otal protein,
seeretory  lgA and  lysozyme. Salivary  protein
determinations were made by the Lowry procedure
(Lown et al, 1951). Secrelon lu \ was assayed by
clectronamunodilfusion (Merrill et al. . 1967) where
the samples are clectrophoresed throngh a medium
containing  mouospecilic antisera. Plates were
precoated with 0.1 peresnt agarose in 0.05 percent
gly cerol and layered with buflered agarose containing
antisera. Wells were filled with standards or saliva,
Samples were electrophoresed until the point of
cquivalence ol the highest standard was attained. The
plates were then processed for staining and  the
migration distances were measured. Values beyond
the standard range required dilution. A plot of log
concentration versus log migration distanee vielded a
linear curve for quantification (Lopez e al., 1909).
Lysozyme values  were determined by radial
quantitative diffusion using heat-hilled Micrococcus
lysodeikticus cells as substrate according o the
procedures of Osserman and Lawlor (1900). Plates
were layered with a cell suspension in buffered

molten  agarose. Wells were cut and filled with
standards or sativa. Ditfusion was allowed o procecd
overnight. Values were determined from a plot of tog
concentration versus diameter of lysed zone.

The microbiologic enumeration and inmunologic
data were recorded for appropriate statistical analysis.
Both a one-way and & two-way unbalanced analy sis of
variance  were used  for multiple  comparisons of
individual, paired and grouped data (Schefld, 1959y,
Primary  comparxons  were made  amonyg  four
segments of collective data the prechamber data,
the data for the  first hall  of the chamber
confinement. the data tor the second hall of the
chamber conlinement. and the postchamber data.

Clinical Framinations. Oral examinations of cach
crewmember were made prior to SMEAT entry and
immediately folowing chamber confinement. The
examinations were designed to determine changes
the amount of plaque and caleulus that formed on
the teeth, gingival response  to the  SMEAT
confinement. and teeth, bone and soft tissue changes
resulting from  the simulated  space environment.
Plaque.  caleulus, and  mflammation  indices  were
derived from the findings.

A plaque ~ore for cach astronaul was obtained
by the uxe of disclosing walers which stained the
plaque adbering 1o the tooth surfaces. Caleulus scores
for cach crewmember were obtained by dividing the
number ol tooth surfaces that had caleulus by the
pumber of Leeth. The inflammation index was scored
according to the method of Loe and Silnes (1003)
which graded the gingivae surrounding each tooth.

DNental  radiographs  and dental casts of each
crewmember  were made  prior o chamber
confinement  to provide haseline  records  for

subsequent COMpansons.

Results

Comparisons ol mean counts of total anacrobes,
bacteroihes.  Tusobacteria, and  veillonella from
imulated  ~aliva and  dental plaque revealed no
obvious  chammber-associated  changes. Except for
my coplasma. individual and group fluctuations of
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n-chamber connts were ol magnitudes cotmparable

o those  obsenved  belore and after chamber

conlmement,

My coplasmia vounts from both <abiva and plaque

appearcd  to merease shighth with chamber
confinement. \n anah s of varianee revealed that
the mycoplasma increases in the saliva of two of the

erewmembers were sbatistically significant,

Counts of 1ol acrobes, neisseria, staphy lococen,
lactobaclli, and candida Trom <~timubated saliva were
rekitively constant throughout the ~tudy Comerseh
count= ol enterie organisnts. which were considered
above vormal prior W clianber entey - declined to fow
or undetectable fevels durine chamber conlinement
and anereased toward prechamber values during the

p(hll"l.‘lllllu‘l' pc'rinl'.

Counts ol total acrobes and neisseria in dental

phigue  followed o patterne similar o those
stimalated sabiva, but the connts o Lactobacilli and
candida were extremels variable, Staphylocoeer and
citerie organisms were obser ed milrequently  and
onh at very low leyels,

Total anacrobes, total acvobies anid neisseria
counts from residual ~alivag and  creviealar e
showed hittle i1 any change thronghout the study .
Becaouse of the small voluimes of these sanples onlhy

the most prominent miceoflord wire assessed,

Exeept for Streptococeus mutans . the change in
the streptococcal counts were withine the expeeted
range ol vartation throughout the et period. 8,
mutans. 4 canogenie miero-orcanism which s
primarily a resident of dental plaque. was found
unusually: high mnbers e stmulated saliva betore,

during, and alter chamlwr confinenent,

Count= of S mutans attained o high level in
plague approximatehy one week before chamber
entry, or two wecks after imtiation of the space diel,
and remained at high levels throughout sampling. \s
with stimuluted saliva. S, matans counts in residual
saliva and crevicular lud were too variable to be

meaningful.

Mean waliva flow rates decreased  whibe saliva
protein concentrations appearcd to merease Slightly
during chamber conflinement. The decrease in saliva
flow  rates was statistically  significant. but  the
merease i <aliva protein coneentrations was nol.,

Salivary Ivsozyme remained  rather constant
exeepl for Iwo perinds where the mean vihies were
higher than noemal. The second elevation. Tound
primariy e two of the erewmembers, was Tound 1o
be statistically ~ignificant.
demonstrated  a

Mean

persistent mercase with chamber  salation. Two

scerctony lg A levels
astrovnauts promartly accounted for the slatistically
steoilicant inercases. A 10N conventration ol their
respective  saliviae specimens was used for dide
agglutination st~ against N, mutans and related
>Ir|'phn‘m'('u| tolates. These tests were llo';_'uli\r
suggesting that the seeretory fg\ response may have
been cansed by ather the oral biercases of
my eoplasma or by a virus or other microbial ageut in

”Ii' l'll&llll’)l‘l‘ (143 ir(lllllll'llL

Comparison ol clinical evalrations before and
atter chamber wolation Showed Sight 1o moderate
chanses in the oral health indices. A pared lest of
the data. however, revealed no stati=tically <ignifivant

lli""l'fl'll(‘l‘\_
Discussion

The mercased  counts  of mycoplasma  were
unesplaimed  and  their mpact on oral health s
presenth unknown. Siee S, mutans reached
prominence - dental plaque two weeks after ~parce
dict initiation and one week belore chamber entry
the tnercase was a~umed 1o be diet related. The
mmpact of the cmergence of this caniogenic organism
carnes  awaits chinical

on  sub<equent deatal

confirmation.

The decrcased number of enterie baeilli was
attributed o conscientious personal hvgiene efforts
and the decreased saliva flow rates were aseribed to
possible stress or other factors alfecting normal

phyziology .
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Seerctory lg\ and sabivary lysozyme elevations
were considered 10 he responses to an endogenous or
envirommental microbial agent. The increased oral
health
hygiene practices during chamber confinement,

scores were indicative  of insufficient oral

Conclusions

The oral health status of three astronautls was
wonitored before, during and after SMEAT, a 56-day
simulation of the Skylab missions. Laboratory and
parameters  which  are considered  to be
ultimately  related  to dental
evaluated. The most notable changes were observed in

clinical
impairments  were
increased counts of mycoplasma and S, mutans,
deereased counts of enterie bacilli, decreased saliva
flow rates, increased secretory fgA and  xalivary
lysozyme  levels, and mereased  clinical scores of
dental plagque, caleulus amd inflammation,

The relevance of both the laboratory and clinical
findings to dietary change, chamber confinement or
the future development of oral discase may he
confirmed by subsequent postchamber evaluations.
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CHAPTER 17

HABITABILITY/CREW QUARTERS — EXPERIMENT M487

Robert L. Bond
Lyndon B. Johnson Space Center

A spacecraft represents a unique and, in manvy
respucts, a different environment in which to live for
any extended period of time. For a long term mis-
sion, considerable attention must be given to the hab-
itability characteristics of the vehicle. The difficalties
and discomforts endured ducing Gemini and Apollo
flights must be eliminated before interplanetary flight
can be undertaken. However, habitability data col-
lected for earthbound stations may not be adequale
as a basis for the design of future space vehicles. For
example, crewmen have noted that the Apollo Com-
mand Module, which is relatively cramped during 1 g
tests, assumes a more spacious character in zero grav-
ity when movements can be made freely in three
dimensions.

The need for habitability data relating specifically
to space vehicles ix well recognized and plans have
been made to use the Skylab Program to provide a
fund of meaningful information on a number of hab-
itability variables. Skylab Experiment M487,
Habitability/Crew Quarters, is designed o provide an
operational evaluation of the Skylab habitat by gath-
ering data regarding the manner in which crewmen
carry out their daily living and working routines
during the missions.

The success of the Skylab habitability expeniment
will depend, in large measure, on the adequacy of the
data collection instruments and the manner in which
they are used. For this reason, the M487 experiment
was included in the SMEAT Program. To gain realistic
expenence in handling the M487 protocols, the four
M487 objectives to be met in SMEAT were:

1. To obtain use-efficiency and use-time infor-
mation for the environmental measuring
instruments.

-
(-

2. To obtain crew evaluations of the various sub-
jeetive data formats and the times involved in
their use.

3. To evaluate the communications disciphines
associaled  with complete dependence upon
voice recorded data.

4. To evaluate fhght scheduling and timeline
requirements for the experiment.

The evaluation of the SMEAT chamber as a hab-
itat was not an objective of this experiment: however,
useful habitability data weee collected during the test
that are applicable o the Skylab Program.

In keeping with the intent of M487 in SMENT,
only those results which reflect directly on the con-
duct of the Might experiment are included in this re-
port. SMEAT habitability asscssment data, such as
the environmental measurements obtained with the
MA487 instruments, are not presented or discussed.

Test Hardware

The hardware employed by M487 can be
categorized into two iajor groups: environmental
measuring instruments and  subjective evaluation
formats. The instruments are further classified as ex-
prrimenl c:quipmcnl and suppurting u]uipnwnl.
Three different subjective formats were used during
SMEAT: a rating form, a debriefing questionnaire,
and an environmental evaluation scale.

Instruments

The M487 hardware has become something of a
[

test case in an altempt to procure “off-theshelf™

items, conduct a minimum gualification-test program,
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and certily flight eeadiness, The Development Center
(Marshall Space Flight Center) for the MA87 experi-
ment chose to conduct this type of procurement
since the hardware requirement for the experiment
was quite simple and straightforward: 1o provide a
small assortment of measuring  devices useful in
oblaining quantitative data to supplement the erew-
men's subjective impressions ol varions habitability
refated parameters,

Experiment Fquipment. The experiment equip-
ment includes:

I. Velometer

2. Sound Level Meter

3. Frequeney Analyzer

L Theomometers (for ambient atmosphere)

-t

Thermometers (lor surface temperatures)
0. Foree Gauge

. Tape Measure

8. l".quipmvnl('.unlaim-r

Supporting  Fquipment. The instruments  con-
tained within the Shyvlab onboard inventory to be

Jointh used by VA48T include:

1. CO,/Dewpoint Monitor

2. One Degree Automatic Spotmeter

3. Photographic Equipment and Aceessories

An equipment contamer was developed to house
the ALBT peeuliar equipment. This unit, which
resembles the Skylab tool kit i~ a4 compact self-
contained module with three slide-out drawers. The
instruments are shock mounted in cutouts recessed
into closed cell Mozite inserts within cach drawer.
The container is designed 1o fit into a standard
Skylab stowage locker, as depicted in Figure 17-1. In
the SMEAT chamber, the MA8Y cquipment container
was located in stowage Jocker 703 within  the
wardroom.

The experiment equipment used n the SMEAT
Program was the qualification-test hardware. This
hardware was of flight configuration except for two
late changes which were identified at the M487
Critical Design Review held on June 119720 The
first was a redesigned drawer lateh (welded instead of

Figure 1 7-1. VA48T Instrument Kt

bonded) which will be more relisble under multipte
uses, and the second was the incorporation of finger
cutouts in the Mozite to facilitate instrument removal
and replacement.

Subjective Fonuats

Although not hardware, the subjective formats
are included in this section because a major effort
went into thewr development and they do represent
separate stowage items  requiring unique  thmeline
scheduling for their use. All the various subjeetive
formats were flight configured and contained many
zero g related items that were obviously not ratable
by the SMEAT crew. These items were not used
during SMEAT.

Rating Forms. The Subjective Rating Form used
by the SMENT erew was a “cue card” containing
generalized compartinent design information on one
side and cquipment adequacy  information on the
other side. Fignre 172 shows the form used for
general compartment evaluations. ltems on each side
of the card were alphanumerically coded to facilitate
inflight voice recording of the evaluation data. In
preparing the “cue card.™ a section was inadvertently
omitted which called for evaluating certain items of
equipment in terns of their frequency of use rather
than in term~ of an absolute assessment of their
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STATE NAME & DATE

EAPERIMENT MA8Y

STATE CODE, THEN NUMERICAL RATING FOR EACH ITEM TO BE RATED (either by

row or column}.

EXPLANATORY COMMENTS ENCOURAGED, ESPECIALLY FOR RATINGS OF 3,4, ORS5.

SUBJECTIVE RATING SCALE

DEFINITION
RATING
1 EXCELLENT: Improvements matter of individual crewman preference
2 VERY GOOD: Minor improvements possible, but not really necessary.
3 ADEQUATE: Some shortcomings found and a few improvements would be
desirable.
4 POOR: Shortcomings found and improvements are necessary.
5 UNACCEPTABLE: Gross shortcomings found and improvements are
mandatory.
: <
PARAMETER )/
TO BE $ 69 9 é‘d QS)Q s &
d /S <
RATED S/ESe /)T E) S

Compartment general
arrangement and orientation

Volume of compartment

Ceiling/floor proximity

Compt ingress/egress provisions

Trash coliections provisions

Stowage volume and access

Temporary equipment restraints

Personnel mobility aids

Personne! restraint devices

HH
ARERRN Y,

*Use FWD/DOME cojumn for 2nd Deck evaluation,

Figure 17.2. Subjective rating for general compartment accommnodations.

design adequacy. This form was included in the
checklist and was used concurrently with the rating
scale. Figure 17-3 shows the use frequency rating
form.

Debriefing Questionnaires. In order to stimulate
group discussion among crewmen concerning various
aspects of Skylab habitability, a sel of questions was
prepared for use as part of the regular off-duty day
debriefing. The questions were designed to gather a
more comprehensive assessnient of certain aspects of
habitability which were not readily amenable to the
rating scale form of evaluation. The rating scales were
designed to elicit individual evaluations, while the

questions  were intended o create a  discussion
atmosphere which would allow a free exchange of
ideas between the crewmen and thus possibly prompt
a more detailed ¢valuation of design inadequacies and
potential corrective actions, A sample of the ques.
tions used is shown in Table 17-1.

Environmental Scales. The environmental scales
were designed for use in conjunction with the
instrument surveys of the environment. These scales
were intended to gather the crewmen’s subjective
evaluations of the environment for correlation with
the quantitative measurements obtained from  the
instruments. Figure 17-4 shows the environmental
scales.



174 SKRYLABMEDICAL EXPERIMENTS ALTITUDE TESY

Table 17 1
luflight Debriefing Questions
1 sed for Day -9 in SME AT Mission

1. What particular aspects of the O/A seem weil designed
and arranged for living and working in zeroy?

What aspects are deficient, and how?

2. Which restraint device offered the most assistance in per-
forming tasks; which the least? What recommendations
do you have for improvements?

3. What visibility problems have been created by shadowing
within the O/A? What areas, or activities, are most
affected? How practical is portable supplemental
highting?

4. How effective 1s nonegquipment-assisted verbal communi-
cation throughout the O/A?

5. How satisfactory are the food management and dining
accommodations? How well does the food adhere to the
utensils when eating? Would a closer tray-to-mouth
proximity be desirable?

6. In what ways has zerog been helpful; in what ways a
hinderance?

Test Methods

Sinee the prime purpose for incorporating M87
into the SMEAT Program was to gain experience with
all aspects of the experiment protoeol. a dedicated
effort was made to follow the anticipated Skylab
flight procedures and sehedules.

Instruments

The M4BT experiment and supporting equipment
was scheduled for periodic use  throughout the
SMEAT Program. with each crewman having at least
two opportunitics to operate cach instrument. The
instruments are categorized into scheduled use items
and discretionary use items for inflight application,
but all instruments except the tape measuee were
scheduled  for use during the SMEAT Program.
Scheduled inflight items are the velometer, the sound
level meter and frequency analvzer, and the tem.
perature measuring devices. Discretionary inflight use
items are the force gauge, the spotmeter, and the tape
measure. Fnvironmental surveys were scheduled on
SMEAT mission days 10, 23, 38, and 33, and
cequired the use of each scheduled instrument in each

compartment within the SMEAT chamber. The in-
struments scheduled  for use on these days were
divided among the erewmen in order to share the
workload and 1o gain opportunities for use ex-
perience. The data were voice recorded in order to
avoid as much ouboard logging as possible, although
the crew  found it more convenient o log the
instrument neasurements as they were made and
then read them into the recorder all at one tme.

Subjective Formats

The use of the subjective formats was scheduled
into  the timeline in accordance with anticipated
Skylab flight use schedules.

Rating Forms. The mitial SMEAT timeline called
for five usex per man of the rating form. Three
objectives defined this sehedule: first, to determine
reliably exactly how inuch time was required 1o use
the forms: =econd, to determine whether or not the
form would become more of an irritant than a data
source because of repeated use: and third, 1o identify
any attitude shifts toward the items being rated a< a
function of their prolonged use. Supplementing the
assigned  ratings with  explanatory  comments was
considered essential for proper interpretation of the
ratings, especially {or those items rated at midscale or
lower.

Debriefing Questionnaires. The debricfing ques-
tonnaires were designed  specifically for the three
off-duty day debricfings scheduled  for the S[.-2
mission and were used intact for SMEAT. A fourth
set of questions was also developed which addressed
the experimental protocol rather than habitability
assessment  per . The questionnaire uses were
scheduled for mission days 11,19, 32 and 47.

Fnvironmental Seales, The enviconmental scales
were included as a page in the MA87T checklist which
conlained the instrument use procedures. The time-
line called for the use of this form by each crewnan
during each scheduled environmental measurement
day.

Ad Hoe Comnients. During Skylab flight, Experi-
ment M487 will be limited in its ability 1o make the
timeline impositions required to fully document erew
responses Lo all asprets of habitability. Those mems
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INSTRUCTIONS:

-
[

USING THE FOLLOWING 5- POINT SCALE, VOICE RECORD YOUR USE FREQUENCY OF

THE ITEMS LISTED BELOW.
RATING

1
{very often)

USE_FREQUENCY

Daily - or every available opportunity

Infrequently - once every two or three weeks

2
(often) Every day or two
(average) About once a week
4
(seldom)
{never)

Not at all - (define whether item is {11

designed and difficult to use or found to be

unnecessary)

EXPLANATORY COMMENTS ARE ENCOURAGED.
CLOTHING [TEMS

A. Jacket

8. IV boots
C. 1V gloves
D. Bump hat

SLEEP COMPARTMENT ITEMS

E. Pillow

F. Blankets

G. Light baffle

H. Privacy curtain

SUPPORT ITEMS

Penlights
Scissors
Tool caddy
Portable fan

Lol PESY

* » »
N XECC{00002X

OFF-DUTY ITEMS

Tape player

Headset

Microphone

Playing cards State the
Books - (pleasure) letter
Hand exerciser designator
Hand balls of the item
Darts & board and your
Exer-gym rating of
Binoculars that item.
Windows (W/R - STS)

Chess game

Course material
Manual dexterity kit

NOTE - ASTERISKED ITEMS (*) APPLY ONLY TO SMEAT AND WILL NOT

APPEAR ON THE FLIGHT FORM.

Figure 17-3. Evaluation form for equipment use frequency.

deemed most important for evaluating Skylab habit-
ability have been included in the various M487 data
sources specifically developed to support the experi-
ment. However, it is anticipated that additional data
will be available during the missions in the form of ad
hoc comments offered by the crew as they conduct
their routine communications between the spacecraft
and mission control. In order to assess the quantity
and quality of data available through this means, the
daily SMEAT reports were reviewed and random
samples were taken of routine communications,
which will be transcribed for Skylab, but were not for
the SMEAT Program.

Results and Discussion

The results and discussion presented in this
section are limited to only those data obtained during
the SMEAT Program which impact the Skylab M487
protocol. Therefore, only representative examples of
data actually gathered are presented. Complete
transcripts of the debriefing questionnaires and the
environmental measurement data are available

through the M487 Principal Investigator.
Instruments

The two most significant outputs of the

instrument uses were:
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INSTRUCTIONS :

YOICE RECORD YOUR IMPRESSIONS OF THE FOLLOWING ENVIRONMENTAL PARAMETERS IN
EACH (OMPARTMENT THROUGHOUT THE ORBITAL ASSEMBLY. [IDENTIFY YQURSELF, THE
COMPARTMENT , THE DATE, AND THE TIME. ALSO IDENTIFY ANY ITEMS ON WHICH YOU
CHOCSE TO MAKE SURFACE TEMPERATURE MEASUREMENTS. EXPLANATORY COMMENTS

ARL ENCOURAGED.

PARAMETER A B C B D £
1. TLLUMINATION EXCESSIVELY BRIGHY ADEQUATE DM EXCESSIVELY
BRIGHT DIv
2. RIR UNCOMFORTABLY | COMFORTABLY COMFORTABLE, COMFORTABLY | UNCOMFDRTABLY
TEMPERATURE HOT WARM NEITHER WARM CooL coLd
NOR COOL
T [ S Y .
3. HUMIDITY NCOMFORTABLY | DRY COMFORTABLE, DAMP UNCOMFORTABL Y
O NEITHER DRY DAMP
NOR DAMP
4. AIR FLOW NCOMFORTABLY | DRAFTY COMFORTABLE, STILL UNCOMFORTABL Y
ORAFTY NEITHER DRAFTY STILL
NOR STILL
5. NOISE ANNOY ING ACCEPTABLE NO ACCEPTABLE | ANNDYING
CONT INUOUS CONTINLOUS DISTURBANCE INTERMITTENT] INTERMITTENT
NOTSE NOISE NO1SE NO1SE

READ T« NUMBER OF THE PARAMETER FOLLOWED BY THE LETTER RATING
YOU ASSESS FOR THAT PARAMETER.

Figure 17-1 Exvaluation forin for envirommental features,

The SMENT crewmen found the MA8T instru-
ment suneys to be more efficient i the use tumes

1. The determination of actual tine required to
conduet a sunvey

B

2 The verification of operating procedures and during the day were stageered. This eliminated the

reporting formas potvnli;ﬂ congestion of two erewmen concurrently
~ s R . R ;

tahing different aneasurements in the same area. It
t ol

To use any of the units inchided i the scheduled also reduced the use constraints on voice recording

survey s required about 30 minutes of a crewman s time by spreading out the data retrieval evele. The

tme  drom instrument unstowage to <towage and crewmen suggested that instrument use efficiency

voiee recording of the data, The one exceplion was would be enhaneed if they were allowed to specialize
o . : )

e . 1 . =~ ) . R - . R s "
the ~ound level meter/frequency analy zer combina- in the use of one or two mstruments rather than

tion, which took approximately 15 minotes because requiring all to be proficient - with - the - entire

of the requirement o step successively through iventory. Both suggestions will be incorporated in

cleven different frequency bands rather than making the plans for l!in‘—'l" use of the NH8T experiment and
a single reading per compartment (as was required supporting cquipment.
with the other instruments). The inital use of the
sound meter and the velometer required an additional One of the more interesting results of the M7
(ifteen minutes for battery loading and instrument instruments” presence m the chamber was their
assembly. Skylab flight timelines for instrument uses discretionary  use 0 supplement  subjective  im-

will be scheduled for no less than 43 minutes. pressions and to quantity data items for interested
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Table 17 2

Subjective Rating Data for Generalized Compartment Design

Design Feature/Accommodation

Compartment Day Crewman A B C D 3 F G H I

6 CDR 3 3 3 3 3 3 3 3 3
EXPT 4 PLT 3 3 2 2 4 3 2

8 SPT 3 3 3 3 35 3 4

6 [ 3 4 3 2 4 3 3 3
WA“S' a P 4 3 2 2 35 3
ROO 8 S 36 35 35 35 38 3

6 C 3 4 3 2 3 3 3 3
WMC 4 P 3 3 2 2 2

8 S 4 4 3 35 35 4

6 [0} 3 3 3 2 3 3 3 3
SLEEP 4 P 3 3 2 2 2 25

8 S 35 35 35 35 3% 4

6 [ 4 4 3 3 3 3 3 3 3
gi%?(”o a P a 3 3 2 3 3

8 S 35 35 35 35 35
Note: 1 = Excellent, 5 = Unacceptable; see Figure 2 for complete definition of ratings.

Table 17 3

Frequenes of Use for In-chamber Equipment Ttems

Crewman Day ABCDEFGHI J KLMNOPA QRS T UV WXYZ
CDR 6 4 1 323211565 2252%5T©63 2 1
SPT 8 21 1 412112115 185%65 5 1 6

Note: See Figure 3 for list of equipment items.

parties who had no onboard hardware lor such
purposes. An example was the use of both types of
temperature sensors Lo determine the most aceeptable
watcer temperature for the shower. Such discretionary
uses of the instruments, cither at crew option or
ground request, will he their primary inflight use
mode.

Subjective Formats

Representative results are covered in this section
for the various subjective formats used. and the
related discussion will address any protocol changes,

Rating Forms. The first use of the rating forms
revealed  several operational difficullies. First, to
complete hoth sides of the cue card took about
fifteen to twenty minutes, which was nearly twice the
that
problems were encountered in interpreting the voiee
data. These dilficulties the
listener  confusing  the alphanumerie designations,
importantly, there was less than

tine had been  anticipated. Second, some

were  associated  with

Finally, and most
wholehearted crew aceeptance of the forms as usefnl
data tools. The major complaint was that the forms
mechanical and  constrained  the crew’s

were too

attempts at =ubjective evaluation.
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Table 17 4

Subjective Rating Data for Equipment ltems

Crewman
Equipment Item CDR PLT SPT
Parameter Parameter Parameter

A B c A B C A 8 C
OWS fireman’s pole 2 3 3
OWS dome and wall handrail 3 2 3
Triangular shoes/grid 3 3 2 2 3
Trash airlock 3 4 3 2 35 35
Wardroom table {eating station) 2 2 2 2 2 3 3 35 35
Wardroom table (non-eating uses) 2 2 2 2 2 3 3 35 35
Water dispenser {food) 2 2 2 2 2 2 25 356 25
Drinking water dispenser 3 3 3 2 3 3 25 35 35
Food tray 2 2 2 3 3 3 3 3 35
Food cans 3 3 3 3 3 2 45 35 4
Drinking containers 4 4 4 2 25 25 4 35 4
Seasoning dispensers 3 3 3 3 3 2
Eating utensiis 4 3 4 3 3 2 35 35 35
Fecal coliection equipment 3 4 3 3 3 2
Urine collection equipment 3 4 3 2 3 2 4 4 4
Hand washer 3 3 3 3 2 3
Drying stations 2 2 2
Whole body shower 35 35 35
Sleep restraint 3 3 3 3 3

Note: 1 = Excellent, 5 = Unacceptable; see Figure 2 for complete definition of ratings.

A compilation of the data retrieved from the first
use of the rating forms is shown in Tables 172, 17-3.
and 17-4. A short set of comments was offered in
support of the actual ratings. They are not presented
in this report.

Following the crew’s first use of the “eue card,”
the card was reconfigured in an attempt to increase
crew acceptance, since 3t was still considered to be a
worthwhile evaluation instrument. A copy of the
revised form was passed into the chamber for crew
evaluation. [t was evaluated as no better than the first
edition and the use of the subjective rating form was

discontinued  for the remainder of the SMEAT
Program.

Subsequent use of the reconfigured form in a
recent Skylab crew training exercise which simulated
several davs of the SL-2 mission revealed rather
similar erew reactions, atthough all parties agreed that
the data which the form was designed 1o retrieve were
indeed worthwhile,

As a result of these experiences, the cue card has
now heen abandoned for Skylab inflight application.
However, the individual segments of the revised card
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are now being expanded and incorporated into the
M487 checklist, with a two-page format being wsed to
present use instruetions and evaluation eriteria on one
page and the items 10 be evatuated on the facing page.
This scheme will be baselined as the S1.-2 subjective
evaluation format.

The scheduling of the subjective evaluations will
SMEAT

experience. The equipment evalvations will be made

also be modified as a result of  the
twice, once yearly and once late in the mission: the
compartment accommodations will be evaluated onee
about midmission: and the cquipment use frequency

will be recorded once, late in the mission.

Debriefing Questionnaires. The debriefing ques-
tionnaires had a high degree of crew acceptability.
Iach scheduled use was completed, and, on occasion,
an extra question or two was added o the list to
cover some speeific item of interest that had aris
since  the previous debriefing. A
excerpt is provided here to indicate the quality of
data that this method of retrieval elicited.

n
representative

“Mission Day 11 Debriefing™

Question #5 - How
management and dining accommodations? How well
does the food adhere to the utensils when eating?

satisfactory are  the food

Would a closer tray -to-mouth proximity be desirable?
Answers -

SPT - The food svstem is surprisingly good. The
travs heat well--the water dispensers work well--the
total activity required to prepare. conzume, and clean
up after a meal is something of a nuisance but no big
problem.

PLT - Trash accumulation associated with dining
is the biggest problem. The manipulations of prep and
post are a pain, but necessary. Forty to fifty pieces of
trash are generated per meal and their constant
management is the main drawback to the food
system. The utensils are too small to handle com-
fortably.

CDR - Agree with trash comments. Fach guy
should handle his own residue rather than constantly
passing items to a single trash manager. For SMEAT
we are dumping most trash into a large food can

EXPERIMENT AM487 179

which is placed in the middle of the wardroom table.
If this scheme is used Tor flight. a restraint will be
required. The pantry system seems w ell organized. It
takes about 40 minutes to prep-cat-and set up for the
neat meal, The wardroom table is well laid out to
cope with this job. We like the table arrangement of
facing cach other because it lends kel to a mee
social atmosphere in conjunction with cating. Also a
vood place for group discussion and timeline planning
activity. The zero g aspeets of this question can’t be

addressed very well,

Environmental Seales. The environmental rating
seales were intended for use cach time an instrument
survey was made in order to obtain subjective data to
correlate with the quantitative data. However, some
interpretation problems were associated with their
use. Seemingly, all possible combinations of use were

found:
. Rating cach parameter for each compartment
(as was intended).
2. Rating only the parameter associated with the
mstrument that particular crewman was using.

3. Announcing an overall chamber rating for
cach  parameter, integrated  over all com-
partments.

Due to the confusion which the scales seemed to
generate, and due to the logistic  difficulty  of
acquiring scale ratings in close proximity with
instrument readings, the environmental scales will not

be used inflight.

To salvage the subjective environmental data
during flight two changes will be made in the M487
protocol. First, three environmental
(noise level, thermal comfort, and illumination) will
be added to the subjective evaluation form under the
ond, there

parameters

compartment accommodations section. Sce
will be an environmental assessment question added

to each debriefing session.

Ad Hoc Comments

One of the most beneficial data sources was the
communication interchanges between the crew and
the capcom. Numerous items of interest Lo M487
were  either specifically  discussed in - response to
offered  during  the

questions  or unsolicitedly
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debnicfing. Sinee most of this type of information
wis problen oriented, it is discussed in more detail in
the Jollowing section. This type of dala source s
expected o provide a major souree ol habitability
assessmient data during the Skytab flights,

Problems
The items covered in this ection relate primarily
to the Discrepaney Reportz (DICS) iuitiated against
MABT during the course of the SMENT Program.
difficnlties  that  MNAST with

respeet to protocol have been addressed m previous

Those encountered

seclions,

M487 Discrepancy Reports

The DR mitated  agam=t N8T are hsted in
memerical order with a statement of the problem and
the solution.

Probiem - The probe portion ot the MY digital

thermometer became innprrali\r.

Solution - The inoperative probe was removed
from the chamber and a replacement unit was passed
mto the crew. The replacement umt was a new
confizuration  which corrected an electronic open
circuil inherent in the manufacturing process for the
probe sensor tip. The new contiguration will e used

onboard Skylab.

Problem - One  of  the ambient  thermometers

(SN 002) appeared to be reading TOF fow .

Sotution - The defective instrument was removed
from the chamber and a  calibration lest was
conducted. The test revealed that the unit was indeed
reading from 8 to 109 tlow throughout its eutire
range. No visible damage could be detected and no
obvious reason could be found tor the anomaly,
although it was suspeeted that a lateral impact to the
stem caused the problem. The thermometer was put
into bonded storage until the end of the SMEAT
Program and then returned for failure analy sis, No
results are available as ol the writing of this report.
However, the MA87T checklist will include a note on
precautions to be followed when handling and trans

porting the ambient thermometers,
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Problem - Lxactly the same as the previous iem.

Solution - The same procedure was followed for
the second ambient thermometer failure, and the
the same. Pending ~ome
failure

outcome  was  precisely

reassuranee  {rom  the analysis  that  this
anomaly  van be corrected in the flight units, the
prime instrument foe inflight ambient temperatore
measurcmenls will be the onboard €O, dewpoint

mormlor.

Problem - The M 18T instruments are stowed i
Maozite insert= (configured 1o instrument dimensions)
within the cquipment container, and the fit is tight

enough to maks instrument retrieval difficalt,

Solution - The Mozite problem is one of universal
application 1o Skyvlab since numerous stowage areas
shoek

wmounting. The matertal has been tested under a

onboard make  use of this materal  for
varicly of presures and seems to contract markedly
during the 26 p~i launch enviconment and expand
when the pressure Tabls to the 5.0 psi seen in orbit.
The V8T ~towage scheme has been modified 1o
include Tinger cutowts around  the instruments o
facilitate their vemoval and replacement in the kit
This modification was independent of the dilficulties
induced In the spacecraft pressure environment since
the MA8T Mozite was cvaluated as too tight a fit vven
at ambicnt sea devel pressure.

Problen - The one-degree spolmeter = not an
mcident heht-reading device and needs a reflective
ambient  Humination

surface to be used a~ an

survey deviee,

Soliution - \ standard 89.5 percent reflective card
with the
spotmeter during the SMEAT Program. and a similar

was stowed i the chamber for use
card will be included as a blank page (approximately
identified) i the MABT cheeklist for use during
Skylab flights.

Habitability Related ltems

lu support of the M4BT request to receive
transeripts ol all Sky lab inflight communication=. and
to support the carlier remarks regarding the value of
the ad hoe comments during the SMEAT Program,
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the following exantples ol significant habitability
related items (retrieved via this means) are provided:
Urine spills
Wipes

Housekeeping procedures

guantity and quality

Beverage container leaks

Vacuum cleaner difficulties

Can crusher procedures and problems
Fecal bag handling and scaling
Hygiene period rescheduling
Use of Command Module spoon as Orbital
Workshop cating utensil

Lint and dust collection

Clothing preferences

Detailed discussion of the items in this list can be
found in other sections of this report.

One last comment is offered in support ol
habitability as an entity as opposed to habitability
when constrained by outside influences, such as
biomedical data considerations., Were it not for the
requirements to collect urine and fecal samples, the
waste management facilities could have been designed
to avoid many of the problems observed in SMEAT
and anticipated in Skvlab by simply treating these
items as disposable. A systematic review of the entire
habitat might reveal other areas where habitability
has been compromised because of experimental or
operational constraints.

Flight Impact
Three major arcas of flight impact emerged from
the M487 experience in the SMEAT Program:
. Reconfiguration of portions ol the subjective

data package.

ENPERIMENT MA87

2. Scheduling imphications.

3. Inztrument use philosophy

Az previously discussed, the “eue card ™ rating
format has Leen abandoned in favor of a less rigid
evaluation  scheme  with  greater cmphasis on
supporting commentary and less ermphasis on the
assignment of unigque scalar values, The subjectve
approach o the environmental data has been
reoriented Lo allow more freedom for the crewmen Lo
discus< their impressions rather than forcing ~calar

choices.

Based wpon the SMEAT experience in scheduling
utgue tinseline periods 1o accompli=h the various
portions of MA8Y. and the actual times required for
perlormance, inflight use ol all data sources exeept
the debricling questionnaires has been reduced, More
freedom has also been granted the flight planners in
scheduling the various V487 data sessions info the
timeline. Since many of the M487 data acquisition
items have minimal tme requirements, and are not
uniquely constrained by orbital position or Lime of
day, they may be conveniently scheduled as timeline

activities when a small time period is available.

The periodic instrument  surveys  are
time-consuming and ~omewhat redundant i purpose
unfrss there has been a change of some significance in
the onboard enviconment. The current philosophy s
to obtain an early survey for haseline purposes and
rely upon the erewmen to detect and report changes
in their impressions ol the various Shylab environ-
mental clements. The measuring instruments will
serve  as diseretionary  devices available 1o verify
subjective impressions, quantify anomalies, or assist
mission control in troubleshooting as necessary,






CHAPTER 18

BIOMEDICAL SUPPORT SYSTEMS

R. M. Brockett, Ph.D.
J. M. Ferguson, Ph.D.
S. M. Luczkowski

Lyndon B. Johnson Space Center

Biomedical support hardware for SMEAT con-
sisted basically of two systems, the Inflight
Mecdical Support System, known by the acronym
IMMU, and the Operational Bioinstrumentation
System, or OBS. The former is essentially a diag-
nostic and therapeutic kit; the latter is a belt
equipped with sensors worn by the crewman to
permit monitoring of his vital signs. Special atten-
tion was given during SMEAT to the use and
verification of the items in the IMMU so that
changes required in the equipment could be pin-
pointed and effected prior to the Skylab mission.
During the in-chamber testing, evaluations were
made of the effectiveness of the proposed micro-
biology procedures, techniques, equipment, and the
stability of media and reagents over the extended
period of storage. These evaluations are described
in this chapter and, in more detail, in Chapter 21.

Inflight Medical Support System

The Skylab Inflight Medical Support System
provides a diagnostic and therapeutic capability in
space. With the aid of preflight training and direc-
tion from the mission Flight Surgeon on the
ground, a crewman can use the IMSS to diagnose
illness and treat illness or injury in earth orbit.
For diagnostic purposes, standard clinical tools
such as a stethoscope, sphygmomanometer, and
thermometer are provided. The unit also contains

medical laboratory cquipment for blood analysis,
urinalysis, and mi(:robiu]ugi(:al work. The [IMSS
therapeutic equipment congists of bandages, drugs,
both oral and injectable, and a minor surgery kit
outfitted for the care of wounds and broken
bones. The drug assortment is large enough to
allow for the treatmenl and prevention of infec-
tion, disease, or allergy. Also
catheterization and dental care kits. Figure 18-1 (a,
b) illustrates the components of the IMSS and its

use,

supplied  are

The chiel difficultics associated with using the

IMSS  were inadequate  lighting  and  insuflicient
work space. Shorlcomings were also noted in
connection with the slide stainer and the

microscope. These problems have been corrected

for Skylab.

The clinical tools in the diagnostic kit were
used several times in routine physical examinations
and proved to be adequate with the exception of
the tongue depressor and the Politzer bag. The
tongue depressor was uncomfortable to use and
difficult to sterilize, while the
pressurc made it impossible to develop useful
pressures with the Politzer bag.

lower ambient

The reduced sound transmission at 5 psia had
to be taken into account during sound-dependent

18-1
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The IMSS microscope kit and worktable.

The IMSS diagnostic kit 1n use

The IMSS kit with microscope.

Figure 18-1(a). Skylab inflight medical support system.
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The drug supply kit of the IMSS.

Figure 18-1(b). Skylab inflight medical support system.

clinical procedures, such as mediate percussion and
use of the stethoscope.

The drug kit received little use, except for
such everyday items as nasal emollient, Phisohex,
Tinactin, and bandaids. There was no occasion to
test the other elements of the IMSS conecerned
with therapy. The crew considered the dental kit
to be particularly well thought-out and suggested
the surgical kit be similarly streamlined.

Testing IMMU Microbiological Capability

The basic diagnostic microbiology capabilities
of the IMMU were tested in SMEAT. This aspect
of the kit provides for antibiotic sensitivily tests,
preparation of gram stains, and routine laboratory
tests to determine  the  pathogenicity of micro-
organisms isolated from the respiratory and urinary
tracts. The unit is abo designed to take regular
from the crew, the

mi(:rubiul()gi(:aﬂ sampeles
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chamber  equipment, and  the  surrounding  atmo-
sphere Tor postimission analysis.

The cquipment used in microbiological studies
included an ancubator, microscope, gram  staining
apparatus, swabs, and streaking loops items. Crew-
men  did laboratory work on the door to the
IMMLU moduole which forms o work  table when

()'M'II.

Media  preparation and  pachaging  procedures
were identical to those planned  for Skylab, All
microbiological test media were prepared under a
nitrogen  atmosphere i sterile conditions. Blood
agar  plates were sealed in o plastic bags before
removal from e cabinet and subsequent canning,

Procedures.  Skvlab  timelines and  procedures
were used o order to test IMMU microbiological
components ax thoroughly as possibe. Many of the
test procedures  were observed on elosed-cireuit
television.

Diagnostic Microbiology. Mock-illness sam-
ples were obtamed and tested on days= 7. 14, 28,
and 1. Throat samples were processed on days 7
and 28. A shin sample was tested on day LY, and
a urine sample on day 1. Caleium alginate swabs
were used 1o oblain the throat and skin samples
and  to moculate  blood  agar  plates. Urine
specimens were colleeted from a urine sample bag
with a syringe which was then used to inoculate
blood agar plates. Urine samples were streahed for
both quantitation and isolation. while all other
samples were streakhed for isolation ouly.

During  SMEAT. the onlv  deviation  from
Skylab procedures involved  control sampling. AL
cach sampling period, the SPT was supplied with
two freshly prepared blood agar plates for vse as
control  plates.  These and  test plates  were
inoculated and streaked in the same manner. One
control was removed from the chamber imme-
diately for incubation and aunalysis. The second
control plate was incubated in the chamber with
the test plates and was then passed out of the
chamber for analysis.

After incubation, coloniex were transferred (o
additional  blood agar test media for antibiotic
sensilivity  testing. After  sensitivity  results were
obtained, these
staining and for oxidase, catalase, and coagulase
testing. When all data had been obtained, a sample
from cach sensitivity plate was collected on a
swab and pliced into a test transport media vial
contgining  Stewart media base. All sample  vials

cultures  were  used  for  gram

were stored in the food chiller for the remainder

of SMEAT.

Test eesults oblawed  in-chamber were com-
pared to the results obtained from the controls,
and the stability of the diagnostic test reagents
and antibiotic sensitivity dises were determined.

Crew and FEnvironmental Monitoring. Crew and
environmental  swab  samples were  taken  (see
Chapter 15 for details). Again, control media were
used. Fach site was sampled with two calcium
alginate swabs. One swab was placed into a test
transport wedia vial and the other into a control
transport media vial. Twelve crew sites and fifteen
hardware  sitex were sampled and stored in the
SMEAT  environment for cighteen days. kach set
of control ~amiples was  transferred  out of  the
chamber  for  immediate  processing. Following
storage, the  test samples  were analvzed  and
comparisons were made o determine the loss n
number  and  type  of  microorganisms  during
storage. Chapter 15 provides a complete discussion
ol the microbiologic  population~ found  during

SMEAT.

lir Sampling. The Skyvlab air sampler was
tested once cach week  throughout the SMEAT
program. Freshhy prepared blood agar plates were
transferred into the chamber and used for tests.

Additional information was obtained on the
peeformance ot the Skylab air sampler by using
the Anderson air ~ampler as a control. Both sam-
plers were run simultaneously for ten minutes at
each test period. In addition, one minute and five
minute samples were taken with the Shylab air
sampler  during  cach test to comply  with  the
Skylab protocol. The sample plates were passed
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out ol the chamber and incubated i the labora-
tory. Counts and identifications were obtained for
each colony lype present. Result= from the two

air samplers were then compared.

Ou days 49 and 30, an additional air sample
was taken using the blood agar test plates in the
Shylab air sampler. The plates were stored i the
chiller for (he remainder of the chamber confine-
ment. The sample plates were then incubated and
analyzed. The results were compared to the regular
Skylab air sample obtained on days 49 and 56 in
order 10 determine the effeets of storage.

Results and Discussion.

Dingnostic Microbiology. A comparison of
the in-chamber  test results and  the  laboratory
control results is shown in Table 18-1. Onk  the
resnlts obtained from microorgzanisms isolated from
both the test and control plates are considered.
Although the diagnostic Lesls are important for the
detection of a possible pathogen, the antibiotic
sensilivity  test s considered  to be of prime
importance since it suggesls possible  therapy. Of
30 sensilivity  tests prrl’urmo'(l, 92 percent were

recarded as sensitive, or resistant. when compared

o the laboratory controls, a very good correlation.

Unsatisfactors  results were obtamed, however,
with the gram stain, catabase, and coagulase Lests,
Fhe gram stain problem became apparent during
the seeond test when air pockets could he ob-
swerved  inside  the reagent syringes of  the slide
stainer. The imeorreet stains obtaimed were i part
due to trapped air which prevented the passage ol
aifficient reagents (o the staining reservoir. With
the correction of this mechanical problem. staining
results should be as good ax results produced In
routine  faboratory  methods. Low correlation
betweenn tesl and control results for the catalase
and ('nuguluw test~ were tound 1o be due ta
inadequate procedures and methods. VModifications
have been made  that should anprove  the test

results,

The A and P dise results were adequate, bat
can be improved by providing additional examples
for examination during training. The remaining fest
results shown in Table 18-1 are considered to e

exceptionally good.

Table 18--1

Comparison of Results Between In-chamber Diagnostic Tests

and Laboratory Controls

Mock 1liness Exercise
{percent correlation)

Test 1 2 3

Colony Morphology 65 86 100
Cellular Morphology 88 80 100
Antibiotic Sensitivity 93 100 90
Gram Stain 75 0 106
Oxidase 100 100 100
Catalase 15 c 100
A Disc 100 10¢ 100
P Disc 25 160 100
Hemolysis 10¢ 100 100
Coagulase 100 Not 5C

Done

Total Test Average Percent
Performed Correlation
h .
81 43 83
99 27 92
100 55 96
75 12 63
75 11 9L
75 12 63
50 11 88
10C il 81
100 11 10C
75 9 75
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Postchamber recovery of illnes solates stored
i test trasport vials  could only be made from the
tests performed on days 28 and 1. No iolates
were recovereld from specimens stored on days 7
and 1L Survival ol stored microosganisms depends
on the type ol microorganism,  the  numbers
nilially present, the natare ol the storage medinm,
and the conditions of storage. These factors can
never be optimal Tor all microorganisms, However,
noan attempt to maximize  the  recovery  of
isolates, Shylab procedures have been altered to
increase the number of microorganisms placed in
storage. and a study i i progress o determine
whether the  transport mediom can be altered
chenneally 1o provide improved recovery.

Postehamber stability tests of the reagents and
antibiotic dises did not show a loss i reactivity
Al reagents and antibiotic dises manttained  their
effectiveness throughout the seven week chamber

storage period when compared 1o controls.

A pre-SMEAT study of the stored blood agar
along with observations made  during SNIEAT have
shown the medinn o e usetul for supporting
microbial growth  throughout the storage period.
On test davs 28 and 190 the eed Mood cells were
more fragile and some darhening of the media had
ovenrred. Pre-SMEAT  stadies imbicated that in-
creased hemolysis of microorganisins oceurs during
thi= period of storage. but this i not expected o
present a problem in Shylab. The moisture content
was  maintained, microbial growth was supported,
and  the diaggnostic tests were demonstrated (o be

leasible thronghout the entire storage period.

Crew and Environmental Sampling. The
transport media remamed mort with no apparent
change throughout the sinteen-day  slorage period.
Difficulty  with the media was encountered. how-
ever, in the laboratory preparation of the samples
for dilution and plating. Suspensions were difficult
to obtain because of the semisolid nature of the
media. Other methodz are currently heing tested i
order  to  improve  the dilution  and  plating

techniques.

The survival of microosganism~ isolated from
the crew ranged from no change in oumber to a

108 Joss during  the  storage  period.  Coryne.
bacterium, staphviococcus, and streptococcus were
the principal surviving  genera. Fvidenee for the
survival of the gram negative enteries is indicated
by the prescuee ol Fscherichia coli in the stored
media,  Only  one  anacrobic  species,  Propioni-
bacterium acnes, survived  the sixteen-day  storage
prriod hut was not found in the control vial. In a
number  of - cases. microorganisms,  especially
anacrobes, were solated Trom the control samples
but were not reisolated from the test vial. Many
of these orzanisms mndoubtedly  did not survive
storage i the =t vial, but their loss could not be
estimated  sinee the imitial - presence of - the
orgaisms could 1ot be determined. Sampling error
accounts for some ol the observed loss in species,
Fvidence  of  <ampling error was =een b cases
where microorganisms were isolated in the test but
not i the control samples,

With the exeeption of one micrococcus species
found m a concentration of 104, 4l species from
the emvironmental samples were recovered in con-
centrations ol FOY or less at cach sampling site,

No  significant Joss i the number of ecach
spreies was nshicated. In facts one species had a
higher concentration e the test vial. The inerease
i most likeh due to sampling error. possibly
componnded by g limited amount of growth dur-
ing the storaze period. As with the crew samples.
a given specics was usuallv not isolated in hoth
the control and test vials.

When mieroorganisms are present in such jow
vumbers, 1t can be expeeted that two swabs. even
though taken =imuoltancously . will contain equal
samples of the microflora present. Approximately
one-fourth ol all isolations were made only from
the test sonples indicating error due to unequal
sampling ot the population present. Since sampling
error can be reduced by ducreasing the number of
sample<. the <« of all the enviconmental samples
preseuts a lairly accurate evaluation of the SMEAT
acrobic microbial flora. Only [ive aerobic speaes
present in either the test or control vials were not

recovered from the test vials,
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Air Sampling.  The ten minute counts ob-
tained with the Skylab air sampler were generally
consistent with  the obtained  with  the

Anderson air sampler. O the  three Skylab air

counts

sampler plates, the counts obtained from the five
and ten minunte  plates  were  more consistently
alike. The one minute plate  counts were con-
siderably higher. This difference is probably due to
contamination of the air in the sampling area by
the individual obtaining the sample. For such a
short sampling prriod, the individual must remain
in the arca while the sampler is in operation,
increasing the possibility for contamination of the

plate.

A valid comparison of the species isolated
from the two sets of air samples cannot be made.
The selection ol colonies from  the plates  for
wlentification was made by different technicians
using different methods. The  species of micro-
organisms  olated  from the Skylab air sampler
plates were, however, representative of the micro-
organisms found in the SMEAT chamber by the
Auderson air sampler and the other chamber sam-

pling methods.

Comparison of the regular Skylab air samples
taken on days49 and 56 with the additional
samples  taken at  the time and stored
in-chamber revealed that two-day storage has little
effect on the microorganisms, while  seven-day
storage tesults in significant differences. This sug-
gests that samples should be obtained as late in
cach Skylab mission as possible to reduce the

same

slorage time required.

Conclusions. Some problems were experienced
with the procedures and equipment used in con-
junction with microhiological studies. These are
discussed in detail in Chapter 21. As a resuht of
the difficultics encountered, an extensive revision
of procedures was undertaken. The revision should
improve the tlow of work and provide more
efficient use of time and work space. Efficient use
of the work surface is being emphasized in crew

training.

The SMEAT tests of the IMMU have shown

that the unit iz capable  of providing useful

information to the ground level medical ~upport
group for assistance in diaggnosis and treatment ol
mflight iltness. The IMMLU can also be used effee-
tiveh Tor monitoring the anicrobiologic populations
of the erew. the envirconment, and the ~urrounding

dreas,

Operational Bioinstrumentation System

The other major item for biomedical support
SMEAT was the Skylab Operational
Bioinstrumentation System. The OBS - designed

tested

primarily {or obtaining  physiological data  during
launch, extravehicular activity, and retun mission
phases. 1 iz also available for full-time monitoring

of an il crewman.

The operational bivinstrumentation hardware s
designed as an individually adjustable biobelt worn
on the body. The biobelt assembly, which can be
worn in cither of two modes, suited or unsuited,
is an electronic system that includes sensors, signal
conditioners, and nterfaces.  The
electrical hamess assembly into which the signal

l!‘l(‘nll‘ll'y

conditioners are placed and which is worn by cach
crewman is included as part of the system. The
OBS is capable of transmitting clectrocardiograms.,
heart rate, impedance pneumograms. and subject
identification. (Figure 18-2)

Testing of the OBS

The SMEAT Program provided an opportunity
to test the OBS prior to Skylab. The system was
used during speciflied  exercise periods. Data were
obtained three times for the CDR and once cach
for the SPT and PLT. The crewmen exercised on
a bicyele ergometer for approaimately one hour

during each recording session.

A special test was conducted during the last
week of the SMEAT Program to compare flush
electrodes with the sponge type. Flush electrodes
have the conductive pellet at the surface. The
crewman applies a small drop of cleetrode paste to
the pellet and attaches it to the body. With the
sponge  type clectrodes, an  clectrolyle sponge 1=
placed in the electrode housing and then attached

to the body.
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Frucure 1820 Operational bionstrumentation clectrodes
inusein the suited mode.

The OBS performed  well during  all  test
prriods, but data handling problems cavsed  the
impedanee pneamogram to be lost for one ol the
test runs. PostSMEAT chechont of the system
mehicated  that all components were functioning

prupvl"_\ .

The Mush cleetrodes provided  data of  equal
quality 1o the sponge  electrodes. The SMEAT
crewmen indicated, however, that  they preferred
to uze the sponge clectrodes for the sake of
consizteney sinee sponge electrodes were in use for

the vectorcardiogram  tests.



CHAPTER 19
MEDICAL OPERATIONS

Crew Surgeon’s Report

Chartes E. Ross, D.D.

Lyndon B. Johnson Space Center

Primary medical and health responsibilitics for
SMEAT were  delegated to the Health Services
Division, as shown in Figure 191, with a two-man
team appointed  to implement programs which in-
cluded health care of the test crew and their
families, occupational medical services for chamber
operating personnel, clinical laboratory support and
hypobaric and other emergency support. This team
consisted  of Dr. C.F. Ross, Crew Surgeon and
team leader, and Mr. G. 1. Pittman, Safety Officer.

The Safety Officee  was
physiological training, scheduling and implementa-
tion of the SMEAT safety plan. The Crew Surgeon
was responsible for all other medical aspects in-
cluding: pre- and posttest crew physicals and care,
testing, and a crew health stabilization plan, crew
family health care, insurance of in-chamber water,
atmospheric gas and food quality, monitoring of
chamber tests and laboratory results, preparation
of IMSS training and coordination with investiga-
tors, the managemenl committee, test director and

responsible for

in-chamber physician.

Participation in SMEAT activities began several
months prior to test and included organizing and
attending the initial IMSS academic training at
Sheppard Air Force Base. Full-time assignment
began approximately one month prior to the test.
This period was occupied with organization of
various supporting functions, implementation of

19-1

the health stabilization plan, and erew testing and
examination.

A crew health stabilization period was started
21 days prior to the test (this became 28 dayx
with a starting slip of one weck), and continued
for 18 days following the test. The crew slept at
home and usually had evening and weehend meals
there while other meals  were  provided  onsite.
Guidelines for this period included:

Verification of family member immunity

Awareness and reporting of illness or potential

illness by crew and family

Crewman limited  contact and  activities  to
family and work-related individuals
avoided all contact  with
to be il and avoided all

Crew and

family
individuals  known

other children.

In the event of [lamily iliness, the crewmember
would sleep and live elsewhere.

During the pretest period, all medical data
gathered by experimenters which might be relevant
to crew health were carefully screened. During the
actual chamber run, the experiment data became a
major source for medical surveillance and, just as
in Skylab, was an essenlial  source for health
monitoring. In  addition, as in Skylab, it was
agreed Lo send certain portions of these data to
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the crew and to make any portion available on
request. During this period, the dental and opto-
metric exams were made. Also, some speciat ortho-
pedic and dermatological consultations were obtained
for the CDR fractare and aene and an otolaryn-
gology consultation for the SPFs hearing los and
cervical adenopathy. Al crew physicals were per-
formed with Dr. Thornton, the SPT.

During the test, exeept for a period rxactly
smulating  Skylab  communication  schedules, all
LBNP (M092), vectoreardiography (MOU3), and erzo-
metry (AT experiment runs were monitored by a
physician i a room adjacent to the chamber by TV
and chart recorders. Monitoring of atmosphrric gases
and water was accomplished by standard NASA
provedures and standards which were augmented by
making one individual in cach arva responsible for
testing, having him present w hen reservoir connec-
tions were made or broken and having him report
directy o the Crew Surgeon. Al gas eylinder changes
were made with the crew awake. Standards had to be
established for purchased carbon dioxide which had
not bheen previously used as an atmosphenie gas.
Normal food quality control was accepled exeept
that additional studies  were made of pea soup
samples implicated ina series of Gl upsets. Results

were negative.

It had been mutually agreed that the crew and
crewinember surgeons would act in concert in all
guestions of crew health. Test results were to be
supplied 10 the crew member surgeon in-chamber, a
series of phone conversations were to be held to
discuss results of in-chamber exams or anv problems
that occurred, and all medications and treatment
in-chamher were to be mutually agreed upon.

\ regular evening report was made by the crew
including any anomalies, weights. and food and water
consumed. Several limes a day, a scheduled walk-
around TV safety surveillance was made by the crew.
All of the above data were used in preparation of 4
daily medical report presented each moming to the
SMEAT Management Committee who made any
decisions required on items outside the normally
planned schedule.

Results

Other than tor a few routine incidents mentoned
i the exaniinalion report, the prvl'liuhl period was
routine. 1 was very ashedowith long erew hours and
frequent changes in plans and procedures. A weiehl
Jome was established in the ST and at was assumed
thi= woull continmre unless the dict was modilied
move deemed undesiralle by the experiment invest-
gators. Therefore, it was agreed with i that he
would continue unchanged intil g ten-pound Toss had
been sostained, at which time the situation would be

evaluated.,

During the teste there were noreal nvedical
problems. Fstablishing o data Mow wilth a reasonable
response thme was a problem and prevented tinely
presentation of data to the erew until near the end of
the test. A Sight atmospheric irritant appeared
intermittently  and was never identified positively
The SPI's weight loss continued until he reached
196 pound~  at day 40, At this broe, conlingency
clectroly tes were drawn. (Blood work was normally
unavailable sner the SEosimumlation of sorage was
made.) This was normal and it was agreed with him 1o
let him continue for another five pound loss at which
time the diet would be changed or deopped com-
pletely. All other in-chamber medical events were
incidents of no import. A full reporting of these was
made by the in-chamber physician and will not be
reported,

Postchamber there were no real changes and the
period  was routine. Al erewmen were at their
prechamber performance levels on the various experi-

ments at time of exit.

AL 190 pounds, a nineteen pound loss, the SPF
was taken off the previously formulated diet and
allowed to eat Shylab food ad Libitum with a prompt

welght gain

In summary, there were no significant changesin
the crew, other than ST weight loss, which could be
attributed to the chamber stay. This atmosphere and
regimen produced no changes even where small ones
might have been anticipated, in blood or microbiol-
ogy for example. s a result of this expericnee, it
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would appear that the only effects which must be

deatt with o Skylab will be from weightlessness,

Some Medical Aspects of SMEAT
As Observed By The Crewmember Physician

William E. Thornton, M.D.
Lyndon B. Johnson Space Center

Pretest

In addition to IMSS training, medically relevant
activitics  during thi~ period were participation in
design reviews and surveillanee of test aspeets which
would affect erew health. These included environ-
mental control syatem, food and water. waste, salety
and medical coverage. Nooinvolvement in clinieal
aspeets of crew health was attempted until a Mission
Flight  Surgeon was  assigned  approximately  one
month prior to test start. AU that time, all health
aspects external 10 the chamber were also primarily
relegated to him. [tems in chamber design pertinent
o this suneillance included general physical layout,
construction of items with injury potential such as
sharp corners and  edges, obstructions, protruding
clements, and FCS system, especially regarding qual-
ity control of gases. bn some cases. standard= had to
be modified for nitrogen and carbon dioxide for
human use. An overall quality assuranee program for
which one man was responsible was instituted, Other
rules established insured that all gases were conneeted
during the day =hift and were installed only under the
supenvision of that individual responsible for guality
assurance. This person reported  direetly to the
Mission Surgeon on ECS performance and safety.

Water System. Fstablishment of a guality assur-
ance program with one man having responsibility
which included his being present at all filling and
transfers.  Again, this ndividual reported to the
Mission Surgeon.

Wiring, Fire Detection, and Suppression. Surveil-
lance to Insure that insofar as possible standard

chamber practices were followed.

tacillary Medical Personnel and Facilities, There
were several periods of emergeney traiming in which
all clements of the rescue and medical emergeney
facilities were exercised with resulting modifications
and persounel additions and changes.

Coordination of many medical aspects of cquip-
ment and experimental procedures with the PEs and
PPCSs was attempted. After Dr. Ros<'s assignment as
Mission Surgeor various aspects of erew health were
coordinated and mutually agreed upon. including:
presence of ST at all remaining pretest phy sicals; a
schedule of regular telephonic communication sched-
ules to discuss in-chamber examinations and observa-
tions shich were held every three o four day s for the
first week or so and approximalely every week after
that: coordination in event of medical contingeneies:
establishment of test data to be transmitted o the

crew,

significant prechamber findings are included i
the Mission Surgeon’s report. The only clinical items
worthy of comment at the time of entrance were a
resolving aciie of the CDR and an established and
continuing weight loss by the SPT.

in-Test

Complete physicals were performed on days 213,
2210, 226, 235, 250, and 263 by the SPT on the CDR
and PLT. In addition, several attenuated exams were
performed as well a~ examinations of any reported
complaints, or of any observed signs. These complete
physicals were made attempting to simulate Skylab
{acilitiex and u=ing INISS straments and are further
deseribed in the crew report. Al systems were
covered except anal and genital areas which were

omitted an the absence of complaints.

Physical Findings — (CDR)
Oral temperature ranged from 98.2 10 98.4°F.
Blood pressure seated. right arm 120/80 with no
significant change.
Heart rate (HR) mean - 39 - there was a <light
increase from  approximately 35 to 00 BI'M
during the o=t with a range of 50 to 65 BPM.
Positive findings were fimited  to  integument,
lymph nodes, and throat and nasal areas. On entry,
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there was a clearing acne  rosacea between the
eyebrows, a few ~malt di~crete puallllvs scattered over
the upper back and shoolder areas, and injected nasal

mucosa with moderately swollen turbinates.

On day 213, there had been clearing of both acne
and pustules with decreased nasal congestion. Bilat-
eral small, swollen posterior submandibular nodes
were present, A beard was growing at this time.

Day 221 saw turther clearing except for the right
submandibular nodes. There was an injected, croded
1 em diameter area around a lollicle on the left
submandibular area. By dday 226 the aene had cleared
and only four to five discrete pustules with red bases
were present in the left scapular area. A “beard”
folliculitis was present on the right lateral maxillary
area which had formed a confluent indurated base
while the previously involved area had enlarged
slightly. Phisohex washes were started and the patient
admnonished to avoid “picking” it. There was remark-
able clearing overnight and plans for cultures were
dropped. The patient stated that this folliculitis was
an intermittent condition of long standing  with
spontancous resolution. On day 250 lips were chap-
ped with both upper and lower fips showing areas of

erosion of mucosa.

By day 263, several infected follicles were resoly-
ing on the right upper lip. A lew scattered pustules
were usually present over the scapular and shoulder
areas.

It was noted that the CDR displayed peripheral
vascular hyper-reactivity including a flushed mottling
of the upper back during exercise, marked flushing of
pressure areas after leaning against a chair back, and a
rather striking dermatographia over the entire back
which would persist for several minutes. There were
no symptoms or signs associated with this and no
vascular abnormalities could be demonstrated. This
was first noted one to two days after entry into the
chamber. [t persisted two to three weeks and cleared
slowly though not completely by chamber exit. There
was no evidence of this at normal atmospheric

pn'ssun-.

Physical Findings — (PLT)
Oral temperature ranged from 97.5 10 98.20F.

Heart rate (HR) 72 BP'M

remained unchanged thronghout test

average  ~ealed

Blood pressure 120475 right arm. <cated.

Positive findings ou phy sical were limited to ENT
and integument. On entey, the PLUT had a number of
discrete two o three mme pustules scallered over the
upper hack and shoulders which  cleared  almost
completely over the next two physicals, There was
marked whitish-gray “Turring”™ of the tongue which
dowly  eleared and by day 15 this had virtually
disappeared. On entry, nasal mucosa and turbinates
were moderately swollen and injeeted with slight
amounts of whitish dixcharge . especially on the left.
This congestion and discharge slowly cleared and by
day 250, only a slight clear discharge was present.

Personal Observations of SPT
Oral temperature ranged from 97.1 1o 97.4°1,
Blood pressure seated, leftarm | 10/75 1o 105/70.

Heart rate (HR) - 33

seated 30 average

-

NN

Oral. On day 10, symptoms of a pulpitis in the
upper left anterior molar developed with slight to
moderate pain not  requiring analgesics but  with
sensitivily o pressure and  temperature changes.
Chewing on the left side was avoided and  the
symptoms largely cleared over the next few days but
would recur whenever that arca was used. These
symptoms cleared completely approximately six
weeks after leaving the chamber. A full crown had
been replaced on the tooth approximately one year
prior to the test.

Integument. Six days prior to the end of test, a
number of broad-based white  pustules two to
four mm in diameler developed over the left face and
forehead. The distribution suggested infection from
the pillow. Cultures were made of the infected area,
pillow, and nares. All copiously grew a pure culture



19-6 SKRYEAB MEDICAL EAPERIMENTS ALTUTUDE TEST

of a slighth pleomorphic gram positine cocei, Cualb
tures were passed from the chambee with requests for
more delinitive identification. The pillow cover was
clianged and Phisohex was used in washing. There was
eradual disappearance of the lesions over the next ten
div = which are assumed 1o bave arisen Trom nasal
erustings shed on the pilow  swhieh e tuen were

rubbed into the tace.

At the end ol the elevated temperature period,
there was a0 marked recurrence b ofd athlete’s fool
indection  with Nssures and erosion af the Tateral and
anterior plantar arca of the sight ool This was
probably exacerhated by going haretoot Tor comfort
during the clevated teniperature peciod . 1t was wash-
ed more Trequently and Tinactin wsed twiee daily
with very slow ebearing by the fourth week posttest.

Medication and Drugs

Ouly the followmg items were used. Nasal emol-
lient was cmploved Tor complaints of nasal drying
and irritation in the PLT with jniprovement. 1t was of
no use for reliel of the CHOR chapped lips nor swas
\ph-Kerio Tinactin: was used tor o longstanding
fungal infection with reasonably pood result. The
most used item was Phisohey which appeared to be
usclul o two shin infections as well as a general
distfectant. An effective emaollient for chapped lips
should be included for this condition i~ likels 1o
recur. Deseription ol the deugs o the cheek fiat was
(elt to be adequate.

Laboratory and Tests

Results are reported under their respective experi-
ment sections. A major problem was obtaning results
of analy~e~ performed outside the chamber i spite o

a previoush established transmission protocol.

Psychological

No specifie studies of this aspeet were peefornied.
Itis alwavs risky for the subject to attempt psy cho-
logical evaluation of a ~tuation in which he s
subjectively imvolved, but the following observations
are {elt to be valid.

There was no perceptible evidence ol serions

stress at any  point during the lest. Interpersonal

refationships remained execllent. Fhere were differ-
ences of opanion on a variety of subjects but some
working consensus wax alway s obtained and tollowed.
Ao timie was an angry or irrilable word exchanged

I)"'\\‘l'l‘ll Ur'y HII'HIIN‘I".

There was shaht consternation after it seemed the
test would be teemnated carly and was then extend-
ed. The most olnvious"y stressful aspects of the test
were those times when e appeared that data were
heing lost atter considerable effort on the part of the
crew Lo galher at especially i it had  involved
difficulty  on their part. Examples of this were:
continued run~ with faulty gear which was apparently
nol heing repaired: obwiously crroneons lab datia such
a~ the polyvethivlene glveol when many hours were
expended counting pills to check that the material
was correcthy consned at each meal (@ nuisancee
i~el): or secing mvorrect data repeating  that had
beew  previoushy  corrected I the subjeetss Ao
stressful was the ampression that arose Trom <o
sitnations that the erew were being used as experi-
mental amimals rather than participating investigators
i an experiment. Some ivestigators were never able
to accept or tolerate any view of the sitration other
than investizator ~ubjeet.

There was unquestionably ~ome polarization of
“we (the erewy against “them” (the outside world)
which probabh senved ax a uselul protective devier
agatist ~olation: No feeling of ~patial isolation wa-
felt at any Gme by any cresaember. There mas hine
been <ome release mechani=m involved e the leg
pulling of exterior personnel by the crew,

b addition 1o the <urpnsing absenee of sress,
there was an unespected dedication o the SNIENT
iission and not just as a job to be done. T was
striking o observe the way two individuals who had
heew  trained  primarily  ac militany pilots could
conscientiou=hy apph  themselves not only 10 going
through medical investigative routine bhut alo to
mahking every personal effort to understand amd gain
the niaximum from all aspects of the test. This was
deeper than niilitany professionalis. Not one deliber-
ate deviation Irom s diet. volleetion procedure or

protovol, no matler how onerous, was observed,
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Indecd, the rare mistake or lapse alway s broughtreal

constermation and renewed elforts,

Medical Incidents

The ERG electrode adliesive dises have produced
more or less severe sensitivity reactions in some
crewmembers sinee Projeet Mepeury . Thiz sensativity
continued on SMEAT. Differing batehes of this tape
have widel varying irritant capacity | but apparently
it has not been possible 1o discover or correel
manubacturing variations. For example, the inital
hatches produced reactions only on the COR bt
tater the PET developed reactions 1o different tape.
In the chamber, the dises produced reactions on all
three erewmen at first. Laler, we were mstructed (o
delete scrubbing the arca with erphrurin“ Wipes.
This produced an improvement and only the SPY and
PLT were having moderate reactions by the eml of
the test. However, reactions were still prescut and thi-
cannotl be considered o lin. especially in view of
the marked reactions of some Skyvlab crewnmembers
to this tape.

The most marked reactions typically oceur at the
axillary and sternal sites with minimal reaction on the
bach and neck. 10is a typical contact dermatitis and
consists of an ery thema, Sight edema and, in marked
cases, lny blebs, limited 10 the immediate arca of
contact beneath the dises. In severe cases, there will
be denuding of the epidermis, marked injection, and
somelimes secondary infecthions. Milder cases have
only reddening of the arca with increased przmenta-
tion. These reactions can occur in 30 minutes” time
and produce no ssmptoms other than itching or.in
cases with damaged shin. burning on application.
Alter approximately two weeks in the chamber, it
wa~ necessary o relocate the electrodes for one or
two runs on the PLT to allow healing. Reaction to

the electrode paste was never seen,

Another sensitivity reaction occurred with the
V133 electrode paste itsell. The CDR and SPT used
thi~ equipment, which has paste impregnated sponge
cleetrodes mounted in an clastic cap. for three times
without difficulty. Oun the fourth usage. the CDR,
alter two to three hours exposure, experienced an
increasingly severe generalized headache which clear-
ed in approximately one hour after removal ol the

cap. The following morning, there appeared 1o e
some diffuse induration around the frontal electrode
sites, These symploms and signs recureed on repeated
attempts to use the equipment in-chawher andd foreed
the substitution of the PET as a subjeet, Pelinite
diffuse induration. several centimeters in dameter,
was present around e frontal and panetal sites with
an indentation under the electrode proper witlioul
reddening or other sign~. No itchinge or pai was

refated Lo the immediate site.

The SPE had similar svimptoms. thongh mild
enough to continue the experiment. The PET devel-
oped no symptoms, Pateh tests were conducted In
lilpi!l;_' sl)'il clectrodes 1o the forchead of all three
crewmembers, Unfortunately, the tape provided had
a heavy elastic component whose pressure elfeets

made other resulls equivocal.

Atmospheric leritants

Approximately twehe days alter test start. the
SITT noted a sen~e of vague irritation in the posterior
naso-pharynix which was sometimes aveompanicd by
an oceasional cough. This continurd v an internnt-
tent fashion with development of nasal “suflmes=. " a
slight clear discharge and conjunctival irritation and
itching. The CDILdeveloped similar sy mptons several
day= later. These continued in an intermittent and
variable fashion throughout the test and could not be
refated to any other event, lime. or focation. The PLT
was never affected. Although it was assuined that
LiON dust was responsible for this and changes were
made in o canister  processing, there was no real
improvement. The cause was.m fact, never Iu)siliwl'\
identified.

Virtually no physical trauma oceurred during the
test in spite of frequent near misses or vlancing Mows
from improperhy fitted cabinet doors falling open as
one passed. One finger was lightly scraped during a
limb to the sccond deck and numerous small nicks
about the thumb and index fingers acerued from
opening the extremely tough outer covering of the
drink containers with a sharp knife. None of these
showed any indication of infection. The ST also
oceasionally suffered small nicks i attempts to clean
the urine volume measuring svstem and_ in spite of
the filth of
reaction,

thi= machine, there was never any
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A number of changes in phonation. transmission,
and reception related to atmosplieric pressare occur-
red. The fiest change to be noted at 5 psi is the
quictness and consequent impression of distance from
sound sources. \ shight hoarseness is noticeable by
external as well ax internal chamiber personnel and
becomes more prononpeed with prolonged or moder-
ately loud speaking. In an effort 1o quantitate these
effects, records were made and will be analyzed for
speetral content. No difficulty i commnmnication was
encountered from either reduced amplitade or chang-
ed  Mrequency components. An interesting
p=y cho-acoustie phenomenon oveurred in that after
several weeks the reduced sound levet was percein-
e as normial, This was olniously a contral phenome-
non since o audiometric threshold <hilt occurred.
On chambier exit, sounds were nol perecived as
abvornially Toud as might have been expected. An-
other aspect of this is that all crewmen were unahle
to whistle. After several weeks, two of the crewmen
could mahe feeble whisthing noises but, even at the
test end, this did not approach normal ability.

Medical examination was atfected e that ausecul-
tatory sounds were markedly reduced with possibly
some reduction in low frequencies, 1 was impossible
to appreciate sounds from mediate percussion at
normal distances and required much closer approach
of the examiner’s ear to the struck finger. Execept the
possibly reduced fow frequeney content and reduced
amphitude, no changes in the quality of normal breath
and  heart sonnds could be appreciated. Standard
diagnostic manewvers such as vocal fremitus and 17

~sounids remained nonmal,

Changes Associated With The Diet

On beginning the dict ~ome 30 day s prior to
chamber entny | two changes were noticed in all three
subjects. Flatulence was markedly increased and the
stools became soft and unformed but not liquid. The
loose stook were simply a personal by giene problem,
Stool quantity, both total and individual defecation,
was markedly reduced. Outside the chamber, this
(latulence was simply a social hazard but inside, as
the day passed, it hecame an increasing nuisance until

it reached a peak after the evening meal. Some idea of

the magnitude of the normal problen may be judged
from the PLT who used a hand counter to document

some 04 passages during one typical twelve-hour
period. Another time. the SPT recorded 38 such
passages offensive both to the subject and associates
in one threehour period. Oceasionally, some food
item woukl produce gas and abdominal discomfort to
a degree that interfered with dutics. Soups and pea
soup in particular seemed to be involved in this,
though the offemders were never identified with
certainty . Pea soup was associated with several bouts
of cramps, gas, and slight neusea in the SPT before it
was dropped from bis menu. Two such occasions
proceeded to houts of rather violent diarrhea. The
particular cans of food which caused this upset were
not studicd: however, duplicate items were examined
and proved to be well within the allowed microbiol-
ogical limit. Thi> did not allow for the normal heating
time which would provide an incubation period for
any organisnis present. Postehamber, there was mark-
ed decrease in gas formation, but it still remained in
an episodic form. One had an impression that some
adaptation to the food had oceurred but had been a
very slow process with a time constant of months,

The most marked physiological change in SMEAT
was the nineteen-pound weight foss incurred by the
SPT during ~ome 90 iays of cating the recommended
SMEAT diet, Table 19-1 presents a detailed deserip-
tion of this process.

Table 19- 1

Crew Weights

Start Enter Bxit End
_Diet Chamber Chamter Diet
CDR 159 157 Wiz 154 3/4 15¢
SPT oG b 193 14 1"
LT 1853/, 165 1/2 185 1/2 18k 1/2

Diet was terminated one week pnor to end of planned
termination

The SPTs normal weight was 207 pound-, un-
changed (rom that at which he had play ed collegiate
football. He was in reasonably good condition at the
time of slarting the diet with maximum oxygen
uplahes above 50 mb/kg/min, capable of sustaining
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400 watts/min for three minutes on a bicyele
crgometer, and with jogging mile times of 7:30 to
7:40 min/mile to 7:50 to 8:00 min/mik for three to
four mile runs. This status required eight o ten
miles/week jogging interspersed with two to three
runs/week on a bicycle ergometer for 45 minutes o
more than an hour at 300 to 275 watts/min loads,
and some weight lifting  and handball. His diet was
high in protein with relatively litthe carbohy drate.

His in-chamber exercise plan was to maintain
ergometer performance and cardiovascular status with
whatever loads and times were required. This was
discussed with pertinent investigators and no objec.

tons were raised.

Pretest. repeated attempts were made at every
level to point out the inadequacy of the proposed
diet especially after marked losses and acute hunger
during the two trial periods. At that ime, no interest
was evidenced by investigators in exercise, previons
diets, or physical condition. Weight was 209 pounds
when beginning the diet with the two pounds above
normal accumulated by numerous dictary excesses
during the last week before the diet began. After the
first week on the diet, a more or less stable loss of
approximately one and one-half pounds/week was
established.
entry, time for normal amounts of exercise was
simply not available; otherwise, the pretest foss would

During this period. prior to chamber

have been much greater.

Body composition was determined by radio-
isotope studies just prior to chamber entry and is
given in Table 19-2 of the MO73 report. No other
measurements! of body size, conliguration, or com-
position were made exeepl zome extremely crude
trunk and extremity girth measurements by the SPT,
During this prechamber period, the basic dict was
frequently augmented with up to four cans per day of
nonrestricted “sugar cookies.” Hunger was constant.
No modifications weee offered or introduced by the
expenimenlinvestigators,

1one valid girth measurement is that of the maximum
calf diameter which was recorded {or each M092 run.

In the chamber, the SPT set the exercise at
approximately 15 N O walts/min/day | a level esti:
mated to be roughly equivalent to the total work
enerey expenditure immediately pre-SMEAT not at
the much higher tevel before the diet was begun, Rate
ol weight loss, except for a period of one weeh when
no ergometer was available for exercise, remained
constant at the prechamber level Afler two weeks in
the chamber, original work devel conld onby e
sustained by reducing work loads and increasing
duration, i.c., perlormanee levels deopped. Shorthy
alter this time, there was cramping of the lower Tegs
associated  with {flexion of the feet. This was a
phenomenon never previously experieneed  even tran-
siently, but which pt'r.\inlrd for some three weeks
after ending the dict. There has been no reeurrence,
Electrolyte levels were unavailable sinee protocol
for determination procedures had not been agreed

upon by the investigators.

On day 21, the SPT was requested Tor the first
Ume o inerease his calorie  intake  at Jeast
300 calories/day utilizing the “free”™ food items. At
that time, the only such high carbohydrate items
which could be tolerated were sugar cookies and
mint> but the dict was augmented approxinately
375 calories/day  with these items (see Table 19-2),
except for one week when they became intolerable.
In spite of acute hunger, it hecame a problem of Toree
freding to ingest and retain this material as well as a
diet formed in large part by vanilla wafers, puddings,
crackers, jams, lemon drops, and imitation fruit
heverages. This relatively small caloric inerement did
lithe o arrest the weight loss. At approximately
196 pounds, all faclors were considered with the
VMission Surgeon and a contingency electroly te sample
run. The Mission Surgeon agreed 1o allow continua-

tion of the diet until reaching 192 o 193 pounds.

Immediately  postchamber,  large quantities of
butter were added in every conceivable (and some
inconceivable to the SPT) food item. If the item were
rendered inedible, for example, rehydrated barbecue
Noating in butter, then it became a matter of eat it or
¢lse do without the food and take mineral capsules.
Some items were impossible to consume. At this
time, maximum oxvgen uptakes were down 1o
47 ml1/ kg, Maximum ergometer workloads were six
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Table 19 2

Average Daily Tatake of Calories
Above Base Line by SPF in Chamber

Totul Total Daily

0 Cookies Mints Tota ! Average

Weer Tans Cans Calories Calories
- L 21k
-t 3 192
oo, x 64
. : 12 22
Ve il g 419
S - 5 15 61
N34 1 12 or
Yoo 5 A 348

Subject was instructed to increase intake to 300 calories above base line at

that time

o seven pereent downs At chambier exit. repeat
radioizotope studies of hody composition revealed an
in-chamber foss of 20 F kg lean bhody mass and 1.8 kg
loss of fal with a body fat percentage of about ten
pereent or reduction ot about four pereent. An
mdependent specifie gravity lean body  mass deter-
mination by the Cooper Cline contirmed the ten
pereent body lat hgore toog ~mall fraction of a
pereent. 1o hould he uoted that these were end of
chamber and not end of diet determinations which
would have shown even greater losses. Weight foss
continued and the SPT to the Mission
Sorgeon’s lermination ol the et at 190 pounds,

conscnted

Additional Tood was found and the diet became ad
libitum Shy lab food. Although large quantities of
lobster, heef, fruit, and vegetables produced a weight
sain of two pounds i seven days and the first
hanger-lree day in three months. there was no
improvement in physival performance for approni-
matehy two weeks after beginning normal foods, Leg

cramps took even longer to clear.

After final Skylab diet termination, weight gan
was one 1o two poundsfweek on a meat, fresh fron,
and vegetable diet (even with running five to cight
miles/dav). The diet was debiberately restricted in
quantity to avoid replacement of lost lean body mass
with fat. Carbohydrates were initially intolerable to
taste. After approsimately six weeks, pre-Skylab diet

prriormance indices were exceeded.

Comments

It was obvious that the diet was inadequate to
maintain weight and avoid severe hunger from the
two trial dict periods. The nineteen-pound weight loss

onhly further confirmed this,

The tos has been interpreted as simply excess fat.
‘The first ~ix to seven pounds may well have been in
this categon however, such an mterpretation bevond
this amount i~ contradicted by the radioi=otope and
specific gravity studies. A simple fat loss should have
resulted inoat least @ ten pereent amprovement in
maxinm ony gen uptake when, in fact, there was an
approximately five pereent deceement. The ercatinine
data did not support a negative nitrogen batanee but.
unfortunately. there are aspeets of this data which
make the values questionable. The loss of 2.4 kg Jean
body mass a4~ <hown by the radioisotope studies was
completely consistent with the entire picture.

The real sgnificance of this is als relation to
Skyvlab. There are prime crewmembers as large. who
require quantities of food as great and maintain
physical condition as well or better than the SPT. An
operational mission ix not the place o perform a
weight reduction program nor especially  can am
induced reduction in condition be tolerated. The diet
as constituted for SMEAT with fixed and wviolable
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mineral and protein levels s ]vrnlmhl) adequate for
2800 10

2 000 calorics/day . Bevond that, increasing guantities

individuals  requiring - no - more than
of “free™U carbolivdrates are required. There are
limits 1o which such itenis can e tolerated, even with
foree feeding. T s understood that rectifivation ol

these problenis is in progreass {for Sk lab.

Impressions

There were no medical problems of conseguence
induced by the atniospliere, confinement, or other
teat conditions. The total absence of phy sical a~ well
a= p.~}r|mlngiru| problems was unespected and strik-

) o
my.

(DR

There was a recurrent beard folliculitis which
rv.~|mn(|ml o simple external measures. One had the
feeling that a shight cardiovaseular decondiioning
trend may have heen present but this is speealabive.
condition at the

Thi~ subject was i exeellent

o of the test and large amounts ol work are

beginning

required to maintain sucl a tate, The CDR limited
himsell to the exercise bme available in Skylab, A

slight w eight loss oeceurred.

SPT

There was A sllpi‘rﬁ('iul fungal and bacterial
infection, ot responding 1o simple lreatment. A
pulpitis resolved .-'pnnlalurnll.sl_y There was a major
weight loss and ~ome deconditioning. primuril'\' sOma-

lic, appun-nll} from the diet.

PLT

There were no changes of significance.

Lic. free of all food value except calories.

19-4H1

Changes in Vision Parameters During SMEAT

Roger C. Fitch, D.O.
Lyndon B. Johnson Space Center

No statistically significan varation was lound i
comppans=ons of pretest (o posttest data on the vision
parameters fisted in Table 1923, with the exeeption of
far visual acuity . refractive error. visual fiebds, and
retinal vessel sizes. These Tour Tunctions are hore

fully diseussed hetow .

Far Visual Acuity

A statistically valid deerease o visual aciity was

noted  during  this tesl whiclh is consistent with
mailable data for the Gemni and Apollo nossion<.
This decrease in acuity s the result of the limited
confines of the SMEAT chamber. The Gemint and
\polto Mihit crewmembers returned o ‘m-llighl

levels as rapidly as did the SME AT erew.

Refractive Error

A statistically valid change in the refractive state
of the eves was noted during this test which is s the
opposite direction of that noted in the exes ol the
two Apollo crews tiat were examined. Fhe \pollo
crews showed a slight decrease in hy peropia (transient
“space myopia’) at nonsignifivant level and the—
SMEAT crew showed an increase in hypreropia. 1t s
unknown why the SAIAT erew =howed an merease
becaust 1t would  he l-\pm'h-d that  the  limited
confines should have resulted in a decrease if a change

was present at all.

Visual Fields

A statistically valid decrease i visual fields was
noted during this test even though only two erew-
members manifested marked constrictions. This de-
Ccrease was unli('ipah'd due o the high trend that is
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Table 19 3

Comparison of Preflight to Postilight Vision Parameters

Parameter CDR SPT PLT
Dnistance
Visual acuity Decrease Decrease Decrease

Refractive error More hyperopic

Amplitude of

accommodation No change
Introcular tension Na change
Depth perception

al Error Increase

b} Standard

deviation Increase

Horizonta! phoria

a) Far Decrease Exo

b} Near Decrease Exo
Near point of
convergence Further
Daction

a) Base in Decrease

b} Base out No change

Cotor perception

anomolous
Peripheral fields increase
Retinal vessels
a) Arteries Increase
b) Veins Decrease

noted in the Apollo data. The trend noted in Apollo,
however, was not at a significant level. Although
there is o known reason why these extreme fields
vonstrict during missions. two  theories might be
proposed: (1) Fields constrict when there is a de-
crease in blood oxvgen. and (2) Nonuse of the cues
received from the extreme fields during the tlight
might temporarily “dull™ the responses from these

dreas.

Retinal Vessel Size

On Apollo 15, retinal phulugruphy was used lo
determine whether the high energy particles noted
during previous flights might cause retinal damage.
These  photographs were taken oo low  contrast
Polaroid film, and although no damage was indicated,
it appeared that the postllight photographs revealed a
decrease in vessel size. This experiment was dupli-

Towards dautor-

More hyperopic More hyperopic

No change Increase
No change No change
Decrease Decrease
Decrease No change

Increase Exo
increase Exo

No change
Increase Exo

Further Neared
Increase increase
Decrease
No change No change
Decrease Decrease
Decrease Increase
Decrease Increase

cated on Apollo 16, but Kodachrome 33 mm film
was used. The LAMP showed no statistical change in
the size of either the veins or  arteries at approxi-
mately three hours postilight. The CMP showed a
statistical decrease in the size of both the veins and
arteries at approvimateh  theee and one-half hours
after splashdown, and the CDR showed a statistical
decrease in the ize of just the veins after approxi-
malely tour hours,

\ subsequent in-house experiment showed that
high oxvgen intake alone causes a very marked
decrease in retinal vein and artery sizes, but the
arteries returned o normal in five minutes at ambient
oxyeen and the veins were back (0 normal in less than
30 minutes. 1t was the belief that some other factor
caused the decrease i vessel size because of the time
that the vessels remained constricted. It was not
proposed what this factor might be.



MEDICAL OPERATIONS

The SMEAT test showed statistical size changes,
but not those that would have been anticipated from
past experimentation. Because Ume was one ol the
factors noted in previous rxprrilnvnlulinm il was
decided to conduct postilight photographs at three
different times after the crew’s removal from the
chamber. The pilot was examined three and one-halt
hours postflight and it was found that both his veins
statistically  increased: the

commander was examined at five and one-half hours

and artlenes  were
postilight and although his arteries showed a statis-
tical increase in =ize, his veins showed no statistical
variation: the scientist pilot was examined at eight
and one-hall  hours  postflight and no slatistical
changes were noted in the size of either his veins or
arleries,

A time factor seems to be present in both the
Apollo and SMEAT studies, but the alteration in
vessel size is in the opposite direction during these
two studies, i.e., a decrease in Apollo and au increase
in SMEAT. It is unknown what has caused these
differences, but the differences in confinement and
the variation in oxygen levels during the Apollo
mission might he predisposing factors.

SMEAT Medical Safety Plan

To assure the safety and well-being of the SMEAT
crewmembers it was necessary to develop a Medicat
Safety Plan with emergency procedures. All medical
and nonmedical lest and operations personnel, exeept
those specifically exempted. were required to meet
the MSC Medical Standards and proficiency levels as
established by the Health Services Division.

Health Services Division

The function of the Health Services Division n
support of SMEAT was to provide medical surveil-
lance and emergency support to the manned testing
including health care of test subjects and their
families, provision of hypobaric chamber support,
and occupational clinical medical services for test
personnel engaged in the test operation of the
chamber. In addition, clinical laboratory capability to
support all biochemical, microbiological, and patho-
logical analysex was provided.
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To implement the above requirements, the Health
Senvices Division uppninlml & two-man tean consist
ing of the Crew Surgeon and a Safety  Officer
(medical). The Crew Surgeon was team chiel and was
responsible for all medical asprets of the Program: the
Salety Offieer was responsible for pin siological train-
ing. implementation of the safely program amd
«heduling participation of all Health Senvices Divi-

son |wr>nnnr|.

After assignment, the two-man team had responsi-
hility Tor all pra-(‘lmnlhvr operations including medical
surveillance, physical exams. accomplishment of pre-
wst ehecklist, and participation m dry runs anl
hake-down test. b addition, they were responsible
{.e Sciences Pirectorate
SMEAT

intradivision

for interfacing with the

test  projeet  manager and  the Steering

Committee  and for coordination of

activities associated with SMEAT.

Nedical Manning Plan

The manning levels Tor the SMEAT Program
caricd with the test bmeline hased upon the prob-
ability  of ocenrrence of a medical anomaly, the
crewmembers”  health
data-gathering activity. The maximum manning leved
was expected to oceur during the initial 18 hours of

satus.  and  the  medical

testing. during a wedical anomaly, a possibie enier-
geney, and when experiments were conducted on the
crewmembers. During other periods of this test
program, the manning requirement level would be

less. The medical manning plan wis as Follows.

Mission Crew Surgeon. Dr. Charles F. Ross was
appointed to this position and his assistant was
Dr. Charles K. La Pinta.  Dr. Ross
Health  Safety  Officers who
surveillance.

scheduled  the

provided medical

During the initial 48 hours, the test was monitor-
ed by the Mission Crew Surgeon and two other
physicians. They worked ecight-hour shifts on a
rotational basis. They were at the test chamber for
medical surveillance and had a dedicated line of
communication with the Building 36 Medical Experi-
ments Data Center where the biomedical data was

received.
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Following the initial 18 houes of testing and for
the remainder of the test program, medical voverage
was provided by the Health Safety Officer. Phy sicians
were seheduled on a rotational basis for this tour of
duty: During the performance of Faprriments MOO2,
MOOS, and MITIE: for dailv crew statos reports and
SMEAT Tean meetings: in the event of a medical
anomaly s and in the event of an cmergeney .

Health Safety  Officer. Fhree physicians were
assigned 1o seeve in this capacits . The tour of duty
was for a dailv period of from two to five hours,
exeept for the first 18 hours, and scheduling was on g
rotational basis. For the remainder of the 21 hours.
the Medical Duty Officer pertormed the function of
Health Safety Officer on an “on-call™ busis.

Wedical Technicians. This position was manned
Tull time 1o assist the ealth Safety Officer and to
turnish reliel from medical surveillance when the
physician was not present. Should a medical contin-
geney comdition develop when the Health Nafety
Officer was absent, the teehmician was to unmediately
notily the Medical Duty Officer by telephone. Each
medical teehnician worked an cight-hour shift. There
were two teams of siv men cach that rotated on a
weekly basis

Hyvperbaric  Chamber  Technicians. During  the
inttial I hours of the test, the Building 32 hy per-
baric chamber was manned by two chamber techni-
vians. a0 requirement existed  for hy perbaric
chamber therapy they were to oty two other
crewmembers who were “onecall” cither at their
othice or residence. For the remainder of the SNIE AT
aperation, a roster was maintained for an “on-call”
chamber team, who could respond within twenty
mittutes alter notification,

Operational Consultants, \ group of specialists
(toxicology . microbiology . clinical laboratory) were
on call 10 evaluate the aspects of the operation as
they relate 1o test subject health. In the experiments
arca, the conaultants were the PCS/PE team. The
latter were available during conduct of their respec-
tive experiments and on call to lend experlise when
required in matters alfecting operational health,

In the cvent of an off-nominal health situation.
such as the occurrener of an illness or an aceident
among the test subjects or a physiological deteriora-
Lion causing a temporary suspension ol expenmenta-
tion, a full-time mode of medical operation manning
was platned. This mode was to exist until a decision
was reached 1o reswine normal operation or a ftest
abort was declared. The medical manning require-
went for such a contingency was identical to the
initial 18 Hour Test Phase.

Prechainber Health Protection Guides

During the prechamber phase there was a health
protection plan that was implemented. The following
gaidelines were given 1o the crewmen o minimize the
probability of exposure (0 infectious disease during
the last three weeks prior (o test initiation.

1. Venly that immunizations for family mem-

bers are current.

2. Be alert for signs of potential illness in self
and family.

3. Report 10 Flight Crew Health Section if any
change in health status of ~lf or family is
noted.

Lo Limit personal contact 1o household meny-

bers and normal work-related individuals,

\oid contact by all family members with
kanown il individuals,

0. \void meetings, training sessions. ele. that
melnde  individuals  other  than  normal
work-related population.

Tamily illness.

8. Wvoid activities producing excessive fatigue

or siress,

Medical Surveillance

In order to assess in real ime medical data
which impacted  erew preformance and  function
and provided tor postilight mterpretation of edi-
cal  findings.  medical  observations on the crew
health status were solicited  from  the in-chamber
physician via the private communication line. in
the event of  medical problems or illness, the

Live apart from famih i the event of
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crewmembers had the option to communivate di-

rectly and  privately  with the Crew Surgeon or

Health Safety Officer.

Medical surveillance via television was maintain-
Health  Salety  Offieer and
technicians located in Building 7. In order o assexs

e by the medical
the erewmen  physiological  status in - real  tme,
medical suneillance monitoring of all M0OY2/MO003
and  MOO2ATITI
phished  via addition,
maintained with the PIPCS team i Building 36
by means of dedicated communications line. Addi-

".\I)I‘Ti"l!‘lll rns= wis  aecornl-

television, In contact was

tonal TV surveillance was maintained during three

daily  scans  of 30 minutes  duration  with  all
cameras including  the portable one. The  latter
camera was used lo view inaceessible areas, One
run was shorthy after hreakfast, one in midafter-
hefore  the crew

noon. and the other shortly

retired {or the evening. Contingency TV monitor-
ing was to be accomplished any time there was a
threat to the crew or test. A record of the event
was 10 be kept in this case by the Health Safety
Officer.

SMEAT

were of particular interest Lo the medical officers.

A number of functional  objretives

Therefore, particularly close surveillance was maim-

tained over the following:

I. Inflight medical support system (IMSS)

2. (:”2 monitor
3. CO monitor
1. Oral hygiene

5. Microbiology

6, Chamber  Environmental  Microbial

Monitoring

Operational Bioinstrumentation System

8. Body weight

1915

9. SMEAT shower

10, Aerosol analy ses
In reference to the Clinical Laboratory | eertain
data relative to the cellular elements of the blood,
chemieal constituents ol the blood and urine, the
hemeral and cellular factors involved with immun-
ity, and intercompartimental flid - volumes - were
mouitored to evaluate erew  physical status - Re-
porting wa~ accomplished on a daily  basis and
pertinent information was summarized  either at
the daily SMEAT
Operations Management Committee (TOME).

Team meeting or  the Test

Emergency Procedures

In the event of an Health

Safety  Officer or his medical assistant were Lo

emergeney . the
enter the anteroom to render medical assistanee
and supervise the removal of the crewmember (or
members) to a treatment facility. Two ambuolances,
cach capable of carrying two patients in SMEAT
Gumeys, were on standby  at the Fire Department
24 hours  each  day  throughout the  entire test
period. In the event of illness expericnced by a
erewmember (or members), the Health Safety Offi-
cer was 1o determine what medical treatinent or
procedure wax required. During hi~ absence, the
Medical Technivian on duty wounld, i necessary,
consult by telephone with the physician “on-call.”
The severity or nature of the illness will dictate
whether

immediately  to  the test site area lo administer

the “on-all” physician was to report
assistance or il it was feasible o give appropriate
treatment  nstructions to  the Medical Technician
on duty.

To assist the attending physician with his diag-

nosis  of any crewmember iliness that might  occur,
pertinent biomedical data was to be made available
to him by the Principal Investigators and Medical

Experiments Data Manager.






CHAPTER 20
CREW BACKGROUND, TRAINING, AND ACTIVITIES

Crew Selection

During the carly stages of planning for the
SMEAT mission, it was decided that crewmembers
would be selected from astronauts in training at the
Johnson Space Center. Use of astronauts was con-
sidered desirable since this would insure a general
comparability of bachground, skills, and motivation
between the SMEAT crew and subsequent Skylab
crews, Within the SMEAT crew, of course, there was
individual variation in terms of aspects such as
physical characteristics.  educational and military
service  backgrounds, personal tastes in  off-duty
activities, and emotional and personality charac-
teristics. Following is a briefl resume for cach of the
SMEAT crewmembers.

Licutenant Commander Robert L. Crippen, USN,
was selected as Commander. 1.CDR. Crippen reccived
a Bachelor of Science degree in Aerospace Engineer-
ing from the University of Texas in 1960. He was
subsequently commissioned as a Naval Aviator and
served as an attack pilot aboard the aircraft carrier
USS Independence. He then attended the USAF
Acrospace Research Pilot School at Fdwards Air
Force Base, remaining there as an instructor until his
selection in October, 1966, to the USAF Manned
Orbiting Laboratory Program. LCDR Crippen became
a NASA astronaut in September, 1969.

William E. Thornton, M.D., was selected as
Scientist Pilot. Dr. Thornton received his Bachelor of
Science degree in Physics from the University of
North Carolina in 1952. He then served as Officer-
in-Charge of the Instrumentation Laboratory at the
Flight Test Air Proving Ground. He later worked as
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Chiel Engineer of the Electronies Division of the Del
Mar Engineering Labs at Los Angeles. He returned to
the University of North Carolina Medical School in
1959, graduated in 1963, and completed nternship
training at the Wilford Hall USAF Hospital in 1964
Following this, he returned to active duty and was
assigned to the USAF Acrospace Medical Division at
Brooks Air Force Base, where he hecame involved in
space medicine research. The principal interest of Dr.
Thornlon is in biomedical engineering. Dr. Thornton
was selected as a scientisl-astronaut by NASA in

August, 1967,

Licutenant Colonel Karol J. Bobko, USAF, was
selected as Pilot. 1t Col Bobko received a Bachelor
of Science degree [rom the Air Force Academy in
1959 and a Master of Science degree in Acrospace
Engineering from the University of Southern
California in 1970. He completed flight training with
the Air Force and received his wings in 1960,
following which he served with Tactical Fighter
Squadrons. He attended the Aerospace Research Pilot
School at Edwards Air Force Basc and subsequently
was assigned to the USAF Manned Orbiting Labora-

tory Program. |t Col Bobko became a NASA
astronaut in September, 1969,
Crew Training

Astronauts scheduled to participate as SMEAT
crewmembers underwent an  extensive period of
scheduled training, similar in many respects to that
required for Skylab missions. Training began in
November, 1971, with initial briefings on several of
the medical experiments. The training became more
intensive in March, 1972, when training exercises
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began for operational SMEAT procedures, and con-
tinued until the actual start of the mission.

SMEAT training included medical experiments
briefings and hardware operation practicr, chamber
bricfings and systems operations,  storage bench
checks, crew compartment fit and functional checks,
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formally scheduled training, the hours planned for
cach topie, and the actual time devoted by cach ol
the three astronauts to that topic. Ininitial planning.
U2 hours were alloted to all topics. In practice, cach
crewmember exceeded 300 hours ol trmning Lime.
However, as noted below, much of this tne was nol
devoled 1o training in its usual ~sense.

maintenance briefings, test procedure and flight data
file briefings, diagnostic and therapeutic briefings,
microbiological training, and emergency procedures
training. Table 20-1 shows the organization of the

The training schedule called for initial classroom
traiming, followed by henehtop briclings and equip-

ment  demonstrations. Finally, the crew were o

Table 20 1

Planned and Actual Training Times
for Crew Activities in SMEAT

ftem Planned
Hours CDR SPT PLT
EXPERIMENTS
MO92/MC93 /14171 62 88 + 30 100 + 3¢ g+ 15
MOT7L 2 1+ 00 1+ CO 1+ 00
M111-115 3 L+ 30 € + CC € + 00
Mi33 30 3} + OC 31+ OO 31+ 20
MOTEA ? 1+ 00 1+ 00 1+ 00
MC71/MC73 2 3+ 35 3430
Diet Mansgement 7 15 + 0T 15 + 0% 13 + OC
waste Maniomt 7 11 « 02 11 « an 11 » 70
1£aET 3 3+ 30 2+ 39 3+ 3C
TC3 3 L+ 00 3«00 o+ 00
Envircnmental Noise s 6 + 0C Ao+ GO [N
CHAMRER
ECS/EPS, COMM [3 10 + 00 10 + CD 10 + 00
Crew Systems 6 12 + 30 11 + ¢ 11 + 80
Epergency 12 b+ 00 24+ Of o+ 00
CCFi/runen Creck £ 2L + GO Pu - O ek + OC
Mission Rules 6 3 + CO 3+ 4G 3400
ORI/TERE 19 ubh + CO [ Vo) 4+ 00
Dry Run Test LR L3 + 00 L3 + OO L3 + CO
Alt. Shakedown Test 72 €4 + 00 s€ + CO 56 + 00
MEDICAL
Physioi/Psych-l L 3+00 3+ 00 3+ 00
Medical Data System 2 1+ b5 1+ ks 1+ 45
Physical Exam 10 12 + 00 12 + 00 12 + CC
Micrctizleeoy N 27 + 3¢ 27 + 20 27 + 30
Inflt Med Szt Sys i 77 + 00 77 % 00 77 + 00
Cral Hygiene 3 4+ 00 L+ CC L + 00
Personal Hygiene 1 1+00 1+ CC 1 + 00
MISCELLANECUS
Data Acquisition Cam 4 2 + 00 2+ 00 2 + 00
Timeline i 18 + 30 15 + €0 18 + 30
Flight Data File b 2+ 30 2+ 30 L+ 00
Paper Simulaticn 8 g +¢0 £ + Q0 £« 00
TOTAL  &12 4T+ 15 509 + iS5 51L + Q0
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perform the actual tashs in accordance with ap-
propriate cheeklist procedures in the 1y trainer or the
SMEAT chamber. lu fact, the exigencies of preparing
for the overall SMEAT program caused any number
of alterations in the training schedule and procedures.
Since much of the SMEAT equipinent remained in a
development stage even as traiming was scheduled, no
firm checklists for the operation of these cquipment
items were available, In some instances, procedures
{o. equipment operation still were being revised even
toward the end of the 50-day mission. For this
reason, what uornmally  would have been routine
training sessions instead became periods devoted to
trouble-shooting the equipment and to the develop-
ment of cheellist procedures. This not only imposed
SMEAT
obvioushy prevented traimmg in its cotventional sense.
Ax a result of these additional requirements, the

a heavy  workload on crewmembers but

training ~chedule, particularly during the four-weeh
period prior to start of the mission. was heavy with
twelve-hour day ~ and six- and seven-day weehs, Atits
conclusion, however, crewmembers considered  the
traiming program Lo have been adequate even lhougll
frequently compromised by procedural and equip-

ment difficultios.

The SMEAT erew, following the same program
planned  for Shylab  astronauts. received  supple-
mentary  medical traming off the Johnson Space
Center base. They participated in a three-day course
at the USAF Regional Hoxpital, Sheppard AFB,
Texas. The cours included himited observation of
symptoms and a discussion of discases of the eye,
head, cardiovascular, pulmonary . abdominal and
musculoskeletal  systems, and  dermatology.  The
SMEAT crew also participated in a H:-hour course
conducted at the Air Foree School of Health Care
Sciences, Wichita Falls, Texas. Medical subjects and
emergeney care were treated in this course also. The
purpose  of these
members, under dire emergencies, to attempt such
treatments as catheterization of the urinary bladder,
nasal (with a
tracheotome), bandaging. splinting. and administra-

courses  was o pft’paﬂ‘ crew-

gastric  mtubation, tracheotomy

tion of medicalion.

Apart from the training in conduct of medical
experiments and in emergency medical procedures. a
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comprehensive course of training, consisting of brief-
ings and operational walk-throughs, was provided to
acclimate the erew to living in the test chamber.
These study periods covered lopics such as communi-
cations, housckeeping practices, sanitaion manage-
ment, use of hygiene equipment, diet management,
and safety measures and emergency procedures.

Final training for SMEAT crewmen was given
during a sisteen-hour wet run and a three-day
shakedown altitude run prior to initiation of the
30-mission. The sixteen hour wel run was performed
10 operate equipment that could not be operated at
site pressure or without a crewman in the chamber.
During this run. noise measurements were made with
various equipment components running (o verify that
the background noise level was within the Skylab
specifications. In the three-day shakedown run, the
SMEAT erew used the same operational protocol as
used for the 50-dav test. This run enabled a pre-
liminary evaluation of procedures. medical experi-
ments, and off-nomimal modes of operation,

Crew Activities
Flight Data File

activities in the SMEAT chamber were
conducted according to a flight data file located in
the chamber. The flight data file included a timeline
book, medical experiments checklists, malfunction
procedures. systems data book, stowage book. crew
supplt-uwular} aclivitics, experiment emergency pro-

Crew

cedures, and chamber test procedure extractions for
crew activity. The flight data file seeved not only to
provide the crew with information but was used by
the crew to record information in the form of various
records and logs. Phy sically, the flight data file was in
book form. The ring bindings permitted change or
removal of the contents. The crew contributed to the
preparation of the flight data file.

During the test, the flight data file was updated
both verbally and by simulated teleprinter message,
e.g., typewritten and passed through the lock. Of
these two methods, the simulated teleprinter message
wax most elfective in that it assured accuracy , saved
copying time, and did not require the crew to
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interrupt an experiment during the available station

pussag(-s‘

Prior 1o the SMEAT test, the in-chamber phivsi-
cian (SPT) and the Crew Surgeon had mutually
agreed on a list and format for medical information
obtained {rom outside-chamber analyses ol medical
experiments to be passed in on a regular basis. There
were frequent delays and difficulties in obtaining
these data until near the end of the test when a good
deal of additional data, plus data collected in the
chamber, were combined into a second record book,
The crew felt that this record could have been even
more valuable had it been hegun before the lest o
that it could include baseline medical information.

The most frequently used item in the flight data
file was the chamber log. It included sections for
logging chamber parameters and other items recorded
on a daily basis and was used as the basis for daily
and weekly reports.

A varicty of clipboards and holders was provided
to hold books and logs during experiments. The crew
felt these holding devices served their intended
functions well.

A bulletin boart in the center of the chamber for
posting of constantly needed items was found con-
venient. The daily flight plan, communications plan,
transfer lock schedule, and similar items were posted
there.

Schedules (Timelines)

The crew day was conducted according to
mission  timelines Figure 20-1, which
approximated those planned for Skylab as closely
as possible. One variation was that the day began
at 0700 Houston time rather than the 0600 time
planned for Skylab for the convenience of the
operation team. Also. because the SMEAT mission
was concerned with medical experiments only,
whereas  the Skylab mission included earth  re-

shown in

sources experiments and Apollo telescopr mount
activities in addition to the medical experiments,
certain supplementary activities were added to the

SMEAT mission.
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The first 30 minutes to one hour ol the day
were allotted for personal hyiene and prebreaktast
microbial

experiments, Blood  drawings, crew
samplings, and  erew  oral samples might  be

scheduled during this time period.

Preparation of breaklast, consuming the meal,
cleaning up. and making nitial preparations for
the next meal senerally  required about the next
A minutes of  the  day. Al of  the
participated in these activities. The 40-mmute time
requirement  and involvement of the entire crew

“rew

wa= typical of the lunch and dinner meals also,

Following breakfast, one crewmember was gen-
crally  assigned  kitchen and  housckecping  duties
followed by a television safety =can ol the cham-
ber. The other two  erewmembers  accomplished
tashs outlined in the timeline. On a mgjor medical
day, the bulk of the interval between breaklast
and lunch (approximately  1300) and  between
(approximately  1900)  wa-
medical  ex-

lunch  and  dimner
by  the
periments. Two  crewmembers al a time usually

()(!l:llpi(‘d performaner of
were occupicd  with these experiments with the
Scientist Pilot participating both in the moming
and in the afternoon. Either the Commander or

Pilot was also involved.

During the time when a crewmember was not
involved in the medical experiments, he  was
scheduled  Tor  supplementary
courses, pantry restocking, system housckeeping,
and television safety monitoring  duties or other
items. On days when major medical experiments
scheduled, SMEAT  experiments  and

activities  such  as

were  not

supplementary activitics  were spn:ciﬁcd for all

crewmembers by the time line.

After dinner, the chamber was eleaned for the
evening, the daily report was prepared, and the
television safety scan  was a(‘(romplish('d Prepara-
day’s activities  would  be

tion for the next

accomplished  also. Postdinner  tashs generally  re-
quired  one hour or longer  depending  upon the

complexity of the next day s activities.
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A restoand relavation period  began around
2100, Television, the olf-duty activities equipment,
or the phone might be used at this time.

The planning cyele for a day was begun the
morning before that day with the premission plan
serving as a basis, Feeqquently, changes were ade
in the premission plan. Transfer ol information
with regard 10 these changes between the chamber
and the outside  was made in accord with  the
schedole of simulated station passes and u=nably
limehine
convenient  time  blocks,
facilitated. The

times allotted for various activities by the permis-

oveurred  near meal thines, Because  the

actvities  wesein
rearrangement ol dctivilies  was
sion plan was generally acceurate. An exceplion was
the  Inflight  Medical
biological experiment which required sigmificantly

Supporl System nncro-

more time than was allofted.

One dav a week was scheduled as an off-duty
day. It was usually cither Saturday or Sunday of
vach  week, depending on test requirenients.
Preparation of a weekly report was one of the
major unscheduled items to be completed  during
this day. Thix nornally required about five hours

ol crew time,

Data Recording
SVEAT data recording practices simulated  the
Shy lab

prepared and all were found uselul. One or two of

mission.  Five  types ol reporls were
the reporting types were generally found to be
most appropnate lor vach particular task. The five

reporting methods were:

I. Spraking into interphone boxes. This simu-
lated the Skylab voice recording capabilities and
war used. for example, to record call girth and leg
numbers  during  an MOY2

band  calibration

experiment run.

2. Logging a pumber of items over a lime
period and then repeating the group of items into
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the interphone boxes. An example i~ the revording
ol enviconmental measusements  tahen al vanous
points i the chamber and reporting all values -t

one tine,

3. The daiby report prepared by oa crewmember
which wa~ then read o the interphone s stem,
Here, the chamber log was heavilv esed 1o eecord
items o be included o the dailv report. and the
low also served as a record of the reports. Ten to
twenty nnules were normally required Tor delivery
ol thi= type ol report,

b The This

was prepared during the off-duty dav i wrilten or

weekly  report. summary  report

asing the simulated

Ahout

oulhne lorm  and  delivered

Shylab  voier recont  capability one-halt

hour was required Tor delivery.

5. Direet contact with the CAPCOM. This was

used  primanily o discuss immediate prohlems,
Dircet contact was found difficult at imes e the
Shylah

conlact  with  the

simadated environment  bevause of  the

restricted ground.  Sunulated
teleprinter and voice record rather than attempting
to copy and answer questions in o real ume was
more  effective. A procedure which  was found
uselul was to have the CAPCON advise the crew
when there was a simolated radio coutart. This
obviated  the necessity for keeping a chedule of

station contaet.

Supplementary Activities

Scheduled  SMEAT  activities  included  Shylab
medical experiments, SMEAT -specific experiments,
and supplementary  activities. The supplenientary
activities  occupied tmeline  periods which in
Skylab might be used for carth resources program
experiments, Apollo telescope mount activilies, and
other Skylab-specific activities. The supplementary
activitics were selected by the individual erewmen
and included a Russian course, Command Module
course, astrodynamics course, solar physics course,
electronics coumse, medical research, model build-

ing. and commercial pilot license study.
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Karol J. Bobko, Lt Col, USAF
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Wiltiam E. Thornton, M.D.

Lyndon B. Johnson Space Center

Three members of the NASA Astronaut Office
participated as crewmembers in the Skylab Medical
Experiments Altitude Test. This is their report on
that test. The crew assignments were: Robert )
Crippen, LCDR, LUSN, Commander; William Y.
Thornton, M.D.. Scientist Pilot; Karol J. Bobko,
L.t Col., USAF, Pilot.

A detailed deseription of this test and the
hardware used therein has been provided in ecarlicr
sections of this document and can also be found in
the SMEAT Program Plan, Revision A, dated March
20, 1972,

The objectives of the test were:

Primary
1. To obtain and evaluate baseline medical
data for those Skylab experiments which
reflect the Skylab gaseous environment.
Secondary
1. Evaluate selected hardware.

Evaluate dala handling and reduction.

3. Fvaluate pre- and postflight medical
support operations, pro«:cdun'a and
equipment.

4. FEvaluale inflight experiment operating
procedures.

5. Train Skylab medical operations team.

Most of the Skyvlab major medical experiments
were conducted i the course of the SMEAT test. In
addition, some Shylah sy stems and equipment ~uch as
food, wasle management, entertainment, clothing,
ete. were exercised. Scheduling, communication, and
procedural changes were also handled in a manner

similar to that planned for Shy lab.

Since the Skylab activities included in this test
would not occupy our entire day, additional items
such as Russian lessons, Command Module courses,
medical rescarch, and model building were added and
scheduled as timeline activities.

Our participation in SMEAT began on July 20,
1971, about a year before the test actually started.
The carly crew participation was in the area of design
and operational planning. Actual training began in
November 1971, Crew training in the chamber with
the test equipment began in the spring of 19720 After
the completion of the test the crew contimued with
follow-on portivns of the medical experments until

October 9, 1972,

Medical Experiments Discussion

M092 — Lower Body Negative Pressure

The M092 pretest protocol gencrally followed
that outlined for the Skylab mission. Most training

sessions were also bascline data gathering sessions to

make the most of all available time. Hardware
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problems noted during the test had uwsually been

noted during the pretest activities,

During traiming and  baseline runs, pain in the
abdomen was noted by two of us at the higher delta
pressures caused by the sk being pulled up around
the sharp ier hip of the iris plate. Our unit was
radivsed. which solved  the problen. We would
recommend this as a change 1o the light hardware.

Fhe EENPD had excessive teak rates during most
of the test runs in spite ol all crew elforts. A new
waisl ~eal was passed i and installed during the test
\ zipper faled on the fiest nes scal: this illustrated a
probablde single point failore. Consideration should be

given to fiving a backup waistseal

The new seal was somewhat more difficult to get
into sinee it was more closely contoured o the body .
Subjectively . we did not notiee a great deal of
difference between the new and old seal. They should
be pudged on their capability 16 reduce leakage.

The deviee has o restraint strap for the fegs,
located at the knees, that would not remain properly
positioned. Some type ol restraint i~ probably re-
quired, but this strap is not adequate mthat it would
not hold the legs. Also, the Velero on the strap
tended to cateh the hair on the subject’s legs and
vause some discomfort, I restraint of the legs at the
knees is required for (light. then the strap must be

improved.

A failure of the antomatic blood pressure cuff
oceurred during the test. The unit was passed out,
repaired, and retarned to the chamber. The failure
was caused when a wice on the aceelerometer was cut
by a prece of metal tubing. The same problem was
encountered on a pretest lailure, 1C appears 1o be a
design problem and should be corrected for flight.

The Blood Pressure Meuasuring System (BPAMS)
gave values of svstolic and diastolic pressure that
differed substantially from those we measured using
the ananual blood pressure cull from the Inflight
Medical Support System. This was observed during
the pretest activities, and the differences seemed
more significant while the chamber was at 5 psia. This
difference vanied cach time i was displayed, so it was
impossible 10 just add a delta 1o get the correct blood

IS ALTITUDE TEST

pressure. The difference was normally larger than

10 g and periodically inereased to more than
” A

30 mm e, The lurgest errors were in diastolie pres

s,

During a special test run at the request of the
“outside world,” the BPMS decisions were compared
with those of a crewnian. [t was Tound the sy stolic
decision usually varied at feast plus or minus one
beat, Whether the BPAS system made the decision
high or low scemed to vary with the subject and with
the blood pressure. The diastolic decision was nor-
mally oue to more than three beats late. Quite often
there was o signilicant pause after the light signify ing
K sounds stopped Tlashing, and then the pressure
indicated  would be i the 50°s. The BPMS also
randomh  displayed 0017 systolic pressure. and
sometimes 00 diastolic pressure.

. There secmed o he some question by the outside
as o whether the unit was in error. From our
standpoint the BPMS unit used in SMEAT was
obviously in error and was unsatisfacton for moni-
toring the health and well being ol the test sulijects.
When monitoring a subject, just one unusual reading
can cause concern. The requirenient 1o take manual
blood pressures is an undesirable tash for the ob-
servor, but s certainly a task for which he should b
trained. This problem of  erratic blood pressure
indications should be investigated o determine the
cause and correction required for fhight.

The heart rate display  periodically  hung up.
normally on the calibration number. However, 1o
ward the end of SMEAT it hung on other values al~o.
This was abso noted pretest. Tis frequeney ol ocenr-
renee ancreaseld as the test progressed. There was also
no easy way to release what appeared 10 be a relay
hang up. This failure is especially serious because
both the crew and ground controf lose real-time heart
rate, This failure has been said o have occurred i the
lg trainer unit a~ well. This problem should be
investigated, and any applicable correction should be
made 1o the flight unit,

It should be noted here that the observer could
normally handle the backup procedures for a single
failure. When two tailures were encountered, the
third crewman had to conduct the experiment.
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The Leg Volume Measuring System (LVMS)
worked very well after some bardware problens
encountered pretest were overcome., Sotme problems
were encountered i getting good contact for a
sround return from the reference band onone
subject. This was solved by using electrode sponges
from the Vectorcardiogram kit and some mosie
wedges Lo hold the reference hand against the leg
This procedure was then used on all crewmen and
worked very well. Neither wedses nor extra sponges
are baselined for Sky lab. We recommend that these or
similar hardware be provided for flight.

There was a problem of making crew procedures
compatible with the software program used to reduce
the experiment data. This was primarily associated
with tagging the data in =ome manner such that the
program hnew where it was. This was never satislacto-
rily worked out during SMEAT. We considered the
procedures used in this area unsatisfactory for flight.

This comment is applicable also to data handling for
MO93 and MITI. Appropriate action should be taken
immediately if the problem is to be solved. The
appropriate action dhould be a software change and
not a procedural one.

The shoek isolation did not work. This uppurrnll)
caused no problems because we always pressed on
without it. If it i~ not important enough Lo fix, it
should be eliminated from the procedures. There
were a series of subject-toground shorts, all of which
had been demonstrated in training, including sweat
dampening the blood pressure culf. “insulated™ areas
on the LBNP, portions of the temperature probe and
many areas of the bicycle alter swealting.

M093 — Vectorcardiogram

The Vectorcardiogram (VCG) harness used with
this experiment was also used with MO92 and MIT (.
VMost of the comments in this section apply to the
hamess and occurred during the performance of all
three major medical experiments.

We were lattooed in VMarch 1972, to mark the
electrode sites, and the marks were adequate but not

conspicuous,

Several pretest problems plagued s through the
test, Stomaseal tapes used to ~tick the clectrodes to
the <kin caused irritation to all ol us at one time or
another. The irritation varied hetwesn batches of
Stomaseal and subjects. The irritation keft scars bt
was never painful. We recened a prm-c-clural change to
rediee the amonnt of wiping of the area prior to
applyving the eleetrode. This cured the problem for
otie subject and redueed it for another. We recom-
mend the Skylah crews iy seals from the flight bateh
carly to insure there i= not a similar problem,

Some of the electrode sponges were too thin for
the depth of the electrode cup with resulting high
impedance. We handled this initially by using two
sponges in cach clectrode. Any requirement o change
an electrode is often a very Lime consuming process
hecause it was usually necessary for the subject to get
out of the LENPD after the LYMS bands had been
attached aml calibrated. During the test we reeeived
VGG harnesses with electrode cup depths that were
compatible with the sponges. We recommend these as
the 1y pe that should be lown.

The initial VCG harmesses were oo small for the
SPT and PLT. This caused clectrodes to be pulled off,
and time was lost during electrode replacement. The
problem was corrected by passing personally {itted
VG harnesses into the chamber alter the test had
<tarted. We recommend that flight harnesses cither be
personally fitted or that several sizes be available to

cover lhf! range ol crewmen,

Connectors on the modified YOG harnesses devel-
oped a binding problem after they weee used for
several weeks. They became increasingly difficult to
conmect and disconneet from the SIB. 1= doubtiul
these could have been used for the full cight weeks.
We were not able 1o apply Cryotox to the necessary
arcas to relieve what appeared 1o be a galling
problem. We recommend investigation of this prob-
lem to determine its cause and cormrection for the
flight items.

We often found clectrode sponges that were too
dry. In certain cases it was obwvious they were oo dry,
and in others this was not discovered until eleetrodes
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were applicd and the impedanee cheek was being
performed. There was a great deal of variability
between packages of sponges. This problem should be
imestigated and action taken o insure the sponges
flown have an  adequate amount of clectroly te.
Considesation should alko be given o increasing the
nuniber of sponges available in view of the use rate in

SMEAT.

The VEG cleetrode kit should provide enough
Zephrin wet wipes 1o allow for two to be used on
cach application (bhefore and after), plis a reasonable

number for spares.

M110 Series — Hematology

Training for thi= expeniment commenced prior to
training at Sheppard \ir Foree Base in the use of the
tnflight Medical Support Systems. Mtee a 15 hour
sexssion at Johmson Space Center. the CDR and PET
pecformed  theie lirst needle sticks, Blood  drawing
training wax repeated at Sheppard AFB. During each
pretest session in which we were required Lo give
blood, we were allowed to draw blood from someone
else. The training was good. We suggest. however, that
Nlight-type needles and svringes be used with blood
transferred to the Automatic Sample Processor (ASP)
in Skyvlab training sessions as this i~ where problems

arose during the test,

During the SMEAT test we drew blood samples of
o 20 ml cach  week. The larger amount was
required on three sessions Jor a chamber-peculiar
microbiology  study . Venipuncture  was not a
pmhlmn, even for the amateurs among us. However,
even with proper penetration o superficial veins,
there were cases ol spasm which made it difficult to
get the blood out. There was no difficulty  with
deeper veins (antecubital) and we would recommend
these b used even though they are not the most

obvious target for a beginner,

Some blood drawing problems were caused by air
leakage, at the needle/syringe intertace. Needle hubs
and syringe fitting were obvioushy distorted. This leak
abso allowed air 1o get into the ASP when it was being
filled. A leak at this interface is unsatisfactory. and
steps should be taken to insure it does not oceur

during flight.

We encountered some difficulty in evacuating the
ASP wilh the vacuum source available. A larger pump
was aldded during the test, but it stull did not swem
adequate. The last 5l ol cach sample had 0 be
forced in under pressure. This meant that a small
blood spill oceurred each time the syringe  was
withdrawn from the ASP. Steps should be taken to
insure the ASP s adequately evacuated inflight, for
both experimental and operational considerations.

The centrifuge was simple to operate with the
exeeplion of msuring the cover was centered. The
cover was easily misaligned and even when care was
taken Lo imsure proper alignment the deviee  still
vibrated excessively in the separation mode. Steps
should e taken to minimize vibration, for example,
providing a centering fixture (o allow ecasy cover

aligniment.

We set the centrifuge on the mosite portion of the
LBNPD upper torso restraint to stop the vibration
from bemg transmitted  throughout the chamber.
Consideration <hould be given 1o shock mounting the
device on Skylab. 'rovisions should also be made for
capturing the cover restraining nut and providing
m-use stowage tor the dummy weights to <implify

zero g operation,

M074 — Specimen Mass Measurement Device

The stated purpose of this experiment was evalua-
tion of the man-machine interface and hardware
perlormance of the Specimen Mass Measurement
Deviee (SMAD) in a simulated space environment,
Naturally  the  wmost
environment, e weightlessness, could not be simu-

lated.

snificant  aspeet of  the

A prototy pe SMMD was available approximately
a month prior to the test. The SPT and Project
Engineer evaluated its performance and attempted to
work out procedures for measurement of food
residue prior 1o chamber installation. During this
period of prechamber tests, several characteristics of
the instrument becaine obvious, The temperature
Ineasuring svstem was incorrect by several degrees
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even prior o clectronies warm-up. The deviee was
wnsitive to location on the specimen tray of the mass

1o be measured.

Several restraint methods  were  tried with
variety of food residues. The most promising seemed
to be placement of any residue inan elastomer
(Mylar) bag which was folded to prevent spillage.
Total mass of all items such as the Mylar bag, number
of wipes. and the type of cans that were used in the
meastrement was recorded. A standard tare weight
would then be used for the bag, food container, andl

wipes,

After installation in the chamber, runs were made
at 147 and 5 psi. Many calibration runs were made
during the test along with simulated food residue
measurements. As has been noted, no food residue
measarements were required during SMEAT. This had
not been prwli(rtcd, but we feed it reflects a realistic
date of affairs. On the basis of these results, the
requirement for food residue measurement should be
minimal — on  the order of not more than ten
MeASUTPENts per mission of fewer. This, of course,
has potentially favorable impact on timeline and on
the quantity of accessories needed for making the

rexidie measurement.

When making residue mass easurements, (wo
requirements must be met. The first of these is o
contain the hguid and s«emisohd food; the second is
to prevent any sloshing of this food during the
measarement process. After experimenting with a
large number of potential methods, it is our recom-
mendation that a Mylar bag be provided with a small
malleable metal clip to allow complete closure. The
food can be placed in this along with the requisite
number of wipes to prevent slosh: that is, to soak up
the liquid. The number of wipes and the type of food
container used should be recorded. Although other
time-saving methods might be devised. the predicted
infrequency ol the need to make food residue
measurements suggests the ethod described s a

reasonable appma(:h to follow.

During the chamber run, as expected, the internal
thermometer readings bore little relationship (exeept
for being  constantly  higher) to cither  ambient
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temperature or the temperature of the ~truclure as
measured by independent methods. This, of course,
was [urther confused after the ustroment had been
running for a few minates and local temperatures
inereased while there was no increase in e support
andd spring temperatures. The deviee also continued to
b sensitive to mass location.

During the test the elastomer sheet used o
restrain  specimens  came loose sinee  considerable
local tension s applicd, and the hold-down stnp s
very [lexible. This Jdould he modificd on the fight

unit.

Calibration Im)m-q-dvd normally and the tmehne

ceemed  realistic. The  largest difficulty was

r\pt'rin'n(wl in voice recording the data.

Average fecal measurement errors were on the

than SOmMe  Were

sionally greater than 2 pereent. Some care i

order  of  less I pereent, but

oce

required Lo place large fecal bags in the unil snce
difficulty can he encountered in locating and contain-
ing these on the tray. tn order to determine the
minimum  number  of  cyeles required o make
accurale determinations, cach  cyele  was
recorded without preliminary “seating in”

should he possihlv to reduce the number of counts

Mass
runs. It

for ordinary measurements from five to three.

The devier was performing reasonably well until
the time of the clastomer hold-down separation. Prior
o |)ih.~l)al."( into  the chamber, the unit was
autoclaved twice which apparently  disturhed  the
springs, for the device always had excessive driftafter
this Ume. Some measurements that had been planned
to investigate other characteristics of operation were
not possible brcause of this.

M171 — Melabolic Activities

The metabolic activity balance, the Jower body
negative pressure experiment, and the caleinm bal-
ance study form an interrelated triad of experiments
and are the major Skylab medical experiments,

The stated objective of MI71 in SMEAT was Lo
“determine i man’s metabolic effectiveness m doing
mechanical work is progressively altered by the
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stnulated space cuvironment.” Vetnally this experi-
ment concerns ilsell with only one measure of work
metabolisim, e, effectivenes in pedaling a bicy dle
creometer. Mthongh wot stuted, some  additional
factors hesides biey ele ergonetry would seem essen-
tal to reasonably ieet the stated objective. These
iems should include body  ~ize: composition; the
strength and  emburance ol the upper and lower
estremibiess amd the quality and tvpe of pretest,
-test, and postlest exereise.

Baseline testing for bieyele ergometry plus metab-
olie gas analyvsis was ~cheduled 1o begin some sin
wonths prior to the test. but hardware problems
cliectively prevented any basehine data collection
until o Csnimimon baseline” was rescheduled approvi-
maleh siv weeks prior o the test which included

some fnve data gathenng sessions,

The CDR experienced a large training effect such
that his full work capacily was not tested, nor was
the protocol revised to even appronimate his 25, 50,
and 75 percent of maximum load. Conversely ma-
chine hmitations required test loads 1o be et for the
SPF well below his 50 and 75 percent of maximum.
Vital capacities obtaned on the wetabobic analy zer
varied widely from vatues obtained on a laboratory
spiromcter.

A~ prechamber runs continued. we became con-
vineed that the metabolic analvzer was unworkable.
Thi> wa> reimforced by a test ot the SMEAT
metabolic anabyzer at 3 ps where the unit gave even
worse performanee. A test of the Shylab flight
hardware was abo made al S patowith results even
worse than the SMENT auit. 1 appeared that the
melabolie analyzer had never been tested  under
realislic conditions at 35 psi with subjects over a wide

range.

Following the completion ol these tests, the
decision was made o begin the test to obtain more
data on the metabolic analvzer. This meant that
initially the test was to be used o trouble shoot the
metabolie analyzer since there was no reliable crew
bascline data and the instrument was not giving vahd
results. This was a continuation of what had been
done during the baseline period where no baseline

data, ~tandardized training

g, or fixed procedures had

been accomplished.

To obtain some valid baseline data we all -
formed tests using Douglax bags, a Collins crgometer,
andd a spirometer, The SPT had previously collected
additional data using this equipment. For the other
two ol us one previous run represented our baseline
data. At this time an alternate plan for inchamber
data pathering was requested by us, but not imple-
mented.

The chamber test went very anuch as eapeeted
with the metabolic analyzer giving variable and
obviously crroncous data which Wypically Tollowed
the pattern of impossibly high carbon dioxide read-
ings and carbon dioxide/oxygen readings with ~some-
what variable osvgen values, Vital capacilies varied
from 0.5 10 85 0iters for a given individual, and on
certain davs expired volumes were in comparable
“ITOF,

The netabolic analyzer had been wired at a
number of data points, and thes swnals were passed
outside for troubleshooting records. Raw data from
the mass spectrometer, spirometer, and other points
were fed into an online digital computer which
paralleled the internal analog unit. and oulputs are
reported 1o be essentiallhy the <ame,

lo respons 1o our requests for some valid
measurements in the chamber, <ome Dooglas bags and
a hurbine spicometer were passed in tate in the test.
The turhine spirometer proved o be usebess at 5 pai.
but ~some apparenth valid results weee oblained with
the bag~. v Colline water-sealed spirometer was
passed moand g series of consistent readings of vital
capacity were made cach week until the end of the
test. Dounglas bags weee run onby three times for two
vahid determinations on cach crewmember. Some of
the s wave oxeellent results while others were
erratic for no apparent reason. M is possihle that
aleohol wsed in cleaning the bags interfered with the
miss spectromeler used in analy sis,

The final weeks in test were spent in a series of
troubleshooting  maneuvers iwvolving  =ome  seven
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special  procedures, some of  which were run re-
peatedly. One special procedure applied “fudge fTae-
tors" 1o the calibrations in an efforl to make the

measurenents “look right.” Even aflter this, many of

the measurements were not eredible,

The respiration valves had several problems. Ap-
parently the springs on the valves were not strong
enough to hold them closed without the aid of
geavity. There was a tendeney for the valves 1o stick
when there was an accumulation of moisture. The
inspiration valves also opened at the end of large,
rapid eapirations, adding up to 250 ml of gas 10 the
expired volume, These valves hecame dirty, and we
used a gravity -peculiar procedure for washing them,
Some technique should be developed to clean the
valves in zero g for Skylab,

The expiration hoses aceumulated so much liquid
that a small buckel was used to drain it. Although we
were  reassured  this  was condensate, it had  the
appearance of saliva, Several samples were sent out
for a determination of the type of liquid, but this
determination was apparently never done. Posttest
microbiology found a large number and variety of
organisms and fungi in this hose. A way is necded to
clean  this hose in Shylab. It would also seem
advisable 1o use a new expiration hose for cach

mission,

Other problems affecting MI71 were erratic
operation of the Blood Pressure Measuring System
and hangup of the cardiotachometer (discussed in
connection with M092), When either manual blood
pressure or hearl rate is required for data purposes, an
additional crewman is necessary Lo cope with the
amount ol data gathered. Further, some training is
required to make valid heart rate and blood pressure
measurements under exercise.

The bicycle ergometer is essential not only to this
experiment but to the crew’s exercise program. The
SPT had extensive experience with the ergometer
protolypes prior to the chamber run. Except for
some pedal falures it had been a reliable device,
tolerating long runs al maximum workload. [t is a
comfortable ergometer to use.

In the chamber the crgometer failed mitiathy on
the second day, alter approsimatel K minutes at
280 watl~. The Tailure was reported o be in the load
unit brushes, The crgometer was passed out of the
chamber, the load module was replaced with
Development Verification Test Unily and the
crgometer was passed back into the chamber with
restrictions placed on it maximum foad. Fven with
this derating, some binding was {eft al the end of a
30 minute run, and even wore siringent restrictions,
E50 watls maximum for 30 minutes, were placed on
is use. The failed Joad module wax repaiced and
placed back on the ergometer. The new operational
restriction was 300 watts maximum with a maximum
tmie of 30 minutes tor exercise. The unit Tailed again
after five days use with a lowd mechanical grinding
and binding followed by free wheeling. This time the

fardlure  analy was reporled Lo have revealed a

delective strain gage. This i~ not consistent with the
mechanical noise that accompanicd the failuee.

The scat on the ergometer showed a significant
amount of wear considering the restricted use this
deviee received during SMEAT.

Just prior to the end of the test, the right pedal
began to hind. H was also necessary o tape the
triangle portions of the pedals out of the way when
the device was used in the hand mode since latehes
for this purpose were not adequate.

A Monark mechanical ergomeler was passed in
following the initial failure. This machine performed
in its usval rehable fashion, after the front wheel and
tachometer take-off were properly reassembled in

chamber.

The PLT was the only crewman who wore the
zero-g  restraint  assembly.  The  over-the-shoulder
straps were oo long to allow proper adjustment.
especially for smaller individuals. The parachute cone
tore loose after approximately one week’s usage. This
harness caused a heat buildup with an initial marked
increase in heart rate. It also restricted motion and
caused complaints of posterior tenderness from local-
ized pressure points. There was initially a2 marked
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differenee i heart rate at a given workload with and

without the harness,

A shirt was always worn with the restraint
assembly but the assembly normally became wet and
required deying. The haress dricd without dilTiculty
when hung Trom the ceiling grid Tor three or four
hours. It three Shylab assemblics are (o be provided
for use by different erewmembers, a place for cach to
dry must alo be provided. The restraint assembhy was
used for approximately five weehs of the st and no
noticeable problem was noted with dirt, odor, or

apparent bacterial grow th.

The crgometer was repeatedly tricd early in the
test in i~ heartrate controlled exercise mode, The
unit’s response in this mode resulted o alternating a
foad too greal for the average man to handle with
virtwally no oad. A recommended fitness program of
ten minules of heart rate greater thew 140 heats per
minute seemed madequate prior to the test and this
proved to be the case during the test, Posttest, we
tricd Lo duplicate the “heart rate” maode problem but
the unit worhed properly .

‘The carpiece for determining heart rate could be
made 10 work at certain heart rates, il the correct
heart rate were hnown, This was done by adjustimg it
until  the  proper rate was mdicated. T read
dangerously low at very high rates. The combination
of sGIT lead wire and no suitable car support made it
both hard to use and probably add to its inaceuracy
through inovement artifact., These deficiencies had
been pointed out many times before the test began.

Prior to the test, a number of efforts were made
to get some functional measure ol muscle strength
and performanee as well as measurement of body

composition. Several NASA units capable of such

muscle measurements were found in San Franeisco.
These were shipped to Touston, but arrived in an
unworkable condition. This was not rectified prior

chamber entry or exit.

M151 - Time and Motion

Skylab experiment MISL was conduocted in
SMEAT using available television cameras instead of

the 16 mm data acquisiion  camera. Activilies
covered inchided meal preparation, food residue mass
measurement. and the major medical experiments

(NOY2/093/171).

Crew involvement was limited to positioning the
television cameras and insuring that our activilies
were within the field of view . Thix constraint tends Lo
inhibit natural motions of the subjects. We feel the
camera position should  be selected to cover the
general ared with no additional constraints being
pla('c'd on the crew,

One activily o be recorded was the weighing of
leftover Tood. However, we never had a legitimate
requircnient to weigh leftover food and feel this will
be the case i Shylab. Thus, we suggest that a
different activity be selected Tor this experiment,
such a~ SMMD calibration. Food pantry restocking
would abso be an appropriate activity for a Linw and
motion study. Brcause crew participation was hmited
in this experimient, no significant problems were
encountered.,

M133 - Sleep Monitoring

The Mi33 Skeep Monitoring Experiment was
performed by two of the crewmembers  during
SMEAT. AN members collected baseline data during
three nights sleep pretest. but this was unsatisfactony
for two of the erew and another set of three nights

data was required.

‘Two crewmembers began the test using the M3
instrumertation. but one developed an allergic reac.
tion 1o the electrode~ and their clectroly te. There was
a generalized headache and some general swelling over
the subject’s head, After two altempts, that crew-
member stopped his participation in the experiment.
aud the remaing erewmember replaced him for the
rest of the test,

There were two lailures (a power circuit breaker
opened) of one of the N33 units, One of the failures
oceurred before the test, and the same unit failed
during the test. Two preamplifiers failed during the
test.
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Test electrodes had more electrolyte than pretest.
Test electrodes tended o leak paste, formed blobs in
the crew hair and ran down the sides of the head.
Showering was the only effective way of cleaning this
dricd clectrolyte from one’s hair, but our showers
were normally scheduled  just before MI33 data
collection periods. A reverse of this scheduling would

have been more appropriate.

For salety rcasons, the caps for the MI33
experiment were made of polybenzamedizole (sl
instead of the previously basclined Spandex material.
We found no significant comfort difference between
the PBI and the Spandex caps. However, PBI caps did
not have a strap over the accelerometer, which
resulted in the displacement of the accelerometer
from the cap of one crewman on four or five

occasions,

Wearing the MI33 instrumentation, with either
the Spandex or the PBI cap, tends to make sleep less
comfortable and seems to affect sleep level and
quantity. The eight clectrodes used are quite detect-
able when one is between your head and the pillow.

Halfway through the test the tapes in the unit
were changed. One  tape unit was not installed
properly, and all data from it was lost. Insuring the
tape is properly installed is a problem since there is
no way lo detect tape movement once the unit has
been reassembled. We recommend some method,
probably procedural, be developed to alleviate this
problem.

Environmental Noise

The Detailed Test Objective concerning environ-
mental noise required only that environmental cham-
ber noise and possible effects on crewmen be studied.
Of more importance and inherent in these measure-
ments were the effects of atmosphere on sound
production transmission and changed atmospheres
perception.

There was a great deal of difficulty in getting the
test wiring installed, but it was completed just prior
to test start and in time for a 14.7 psi baseline run.
Headphone and threshold switch lines were too short
1o allow optimum placement of audiometric testing

in the guictest area of the chamber, that is, the lock

ared,

After solving some problems of madequately
controlled hot microphones by procedural methods,
the operation became more or less routine. Ques-
tionnaires supplied seemed icrelevant and repetitious,
There were pelatively (requent problems with the
audiometer which was a sereening rather than a
diagnostic unit, These included spurious tones i the
opposite car and difficulty in controlling the level by
the threshold switch.

In addition to the tests made al our request,
spectral transmission measurements were made on the
stethoscope. Vaice readings were also made at 5 psi
and postiest at 14.7 pei to allow later spectrometric

measurements.

Crew Microbiology

The crew microbiology sampling was similar to
that used for pre- and post-Apollo and that planned
for Skylab. The intest sampling was
SMEAT-peculiar test and in no way reflects any plans

for Skylab.

The protocol consisted of a full set of samples
every other week and a gargle each week. We
performed the sampling pre- and postlest and in the
chamber to reduce sampling variability. This also
allowed for a considerable amount of practice under
the observation of the experimenters. Because of this
practice and the planning by the experimenlers no
problems were encountered during the test.

The only problems involved with this experiment
were experienced pre- and posttest. These  were
remembering that we were to be sampled and trying
to generate a fecal sample within the constraints of
working hours, midweek, diet, and collection facili-
ties.

Environmental Microbiology
This was a SMEAT-peculiar test that involved

periodic collection of metal stnps in the chamber,
and operating an Anderson air sampler for ten min-
ules.
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There were verlical strips at various locations on
the walls and horizontal strips located under the air
grids in the plenume arca 1o colleet bacterial fallout.
We feel the horzontal straps did not properly reflect
the chamber environment, Since all air circulated
through the grids, o large amount of trash was
deposited on the plates including urine and waste
waler spills in the waste management compartment,
Procedurally: we were not supposed to touch the
plates except with sterile foreeps when we were
collecting them, which resulted in their beeoming
filthy . 1t i difficult 1o inagine any area becoming
thi~ dirty without the crew taking some action to
clean it T view of this we felt that any conclusions
regarding the data on these strips should consider
they  were the Glthiest thing in the chamber only
because of the procedural restriction on eleaning.
There were no operational problems with the strip
collection and air samipling tasks,

Inflight Medical Support System (IMSS)

The stated purpose of this experiment was o
fully exercise the INISS cquipment and obtam <imu-
latedd diagmostic microbiological ~smples using the
equpinent and procedures chechh=t inchamber,
There were two aspects of the equupnmient, one a
physical diagnostic and teeatment capability and the
other a microbiological and hematological diagnostic
capabifity .

Training on this equipment started with a trip to
Sheppard AFB. Phese elforts were somew hat poorly
organized. too much detail was covered i too short a
period ol time, and many - practical aspeets of
cqquipment use were neglected, Pretest training was
provided Hdocally  with  available  hardware.
Unfortunately  the actual hardware was frequently
not avatlable or only avatlable in separated bits and
picees and not as a kit

The dental area of the INSS deserves special
mention. Although this wax a simpler effort i for no
other reason than the restricted anatomieal area it
treats, the training and kit were thought out and
exceuted i an exemplany Tashion, Ouly the essentials
which were likely 1o be encountered were considered,
that is, extractions and other emergency procedures,
The more esoteric aspects of dental care were not

belabored. Practical training was exeellent with good
exposure to clinical material at the USAL Dental
Clinie at Wilford Hall in San Antonio. The dental
officer was alway ~ present and bhad first-hand knowl-
edge ol just what cach member of e crew was

capable of peclorming.

1 s felt that the amount of time allocated for the
IMSS teaining i~ at best wmivimal. This is particularly
true ol the micrabiological and microhematological

procedures,

During the traming period a working slide stainer
was never seen in conjunction with all the rest of the
cquipment nor were the complete examination and
treatment Kits ~een together, Some weeks before the
beginning of the test, it was decided that the 1MSS
diggnostic and treatment kits were required  for
development of Skyviab procedures. These  were,
therefore, remonved from the SMEAT chamber, \Mter
considerable scrambling a ~cratch kit was put together
utilizing  Developmenty Verification/Test Unit vases
and other components which could be acquired. We
saw this gear for the first time when we carried it into
the test.

The digmostic kit was vsed several tunes in
routine  physical examinations and  ix considered
generally adequate with one or two exceptions. The
tongue  depressor cannot be adequately  sterilized
from one patient to the next, nor could we devise a
ceally humane way of using it. This item was not
included o the chamber ki, Fortunately we had a
few wooden tongue bades in sterile packages. These

are recommended for Shy lab,

Our kit was packed without electrie bulbs in any
of the equipment requiring them. The bulbs were
poorly marked. This resulted inat least one verror
with @ consegquent burnout. Bulbs should be marked
plaindy for the respective cquipment.

Twa blood prescure inflation bulbs failed, and a

biuckup siould be considered.

The chiel ditficulty in performing a physical. and
in most of the NSS work, was the lack of adequate
lighting und adeguate work space. While there was no
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problem in using the small picees of IMSS equipment
in 1 g, there must be some method of restraining all
the small pieces m Skylal.

Another difficulty was the reduction in sound
transmission with some change in frequency charae-
teristies caused by the 3 psi atmosphere. Mediate
pereussion was very dilfienly, and was probably inade
“d low Trequency noise i the

more so by the inere:
chamber. It conld only he accomplished it the var
were aboul ten centimeters from the finger. Under
these circumstances more or less routine pereussion
could be carried out, and such items as heart margims,
descent of the diaphragm, and liver margins conld e
delineated consistently. The volume produced by the
stethoscope was markedly reduced, and there was
some change in frequency response which made
breath sounds in particular more difficult 1 evaluate.
In order to document this, a stethoscope response
characteristic was run at 14.7 and 5 psi as an adjunet
to the noise measurement test,

The Politzer bag was also rendered useless by the
5 psi atmosphere, for useful pressures could not be
developed. The nasal “olive” on the unit was al~o too
small. A few medications supplied in the TVSS were
used. Nasal emollient was used by the PLT for drying
of the external
elfective here, but useless on the CDRs chapped lips.

nares. It was considered to be

Alphakeri  was also tried with no success. One of the
most  widely used items was Phisohex, which

appeared 1o give excellent control of a becard
folliculitis on the CDR as well ax provide some
rcassurance in cleanup of urine spills and gencral
chamber hygienc. Tinactin - was used in an attempt
to control the SPT’s athlete’s foot. This was the total
extent of the drug usage.

Bandaids were frequently used to cover minor
wounds, the most common of which were inflicted
by knives used to open beverage container tops. No
real evaluation could be made of many of the items
such as catheters, surgical supplies, and the like.

The microbiology /hematology portions of the kit
involved the most frustrating procedures o be per-
formed in the chamber run, with the possible
exception of urine spill cleanup. The first difficulty
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was experienced i unpacking the Command Module
Resupply Kit. The mechanical manipulations mvohed
i opening AU were a major problem, immediately
(ollowed by more difficulty m attempls to remove
the internal rachs. Closing was another major ordeal.
The rack is too tight in the containes and does not
have adequale removal facilities, We palied off the
Ltab~ that
This was followed by a light with all manuer of tools,
The Resupply Kit took wp a great deal of room in the

were apparenthy provided Tor removal,

chiller and was difficuit to getin and out.

Another great difficulty associated with use ol
the Resupply Kit was of collecting the many pieces
for a procedure and then tying them together in some
orderly Tashion. The checklist, while more or Jess
complete, did not help greatly in ~simplifying this:
however, it did make possible the completion of the
task. The bits and picees required to complete the
typical day’s procedure were scatlered in several
lockers and in several containers in cach of the several
lockers. These items were used  al various tinges
throughout the procedures, and some ol them needed
refrigeration untl the time of or immediately after

usage.

There was insutlicient light to handle and identify
cultures and inadequate working space on the foldout
locker work surface in front of the incubator. This
was not sulficiently sized or correctly arranged to
allow any reasonable procedures to be carried out.
The additional IMSS work table wax usually required
whil: the portable light, which wax never really
sufficient, was placed above it Even then there was
frequent spill-over 1o other portions of the chamber.

The cleanup and prophylactic procedures for
handling cultures of microorganisms was also consul-
ered inadequate. Betadine pads by themselves were
fell 1o be inadequate, especially in erevices or in
attempling to deal with Velero pile and hook-s.

In terms of eguipment, the first difficultics were
encountered with the poured plates. The SPT {eh
these were poorly controlled. Although they were
sterile on opening they certainly did not give that
appearance. They were very uneven and the surface
was extremely friable. 1t was impossible throughout
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the test to use the loop 10 adequately spread the

organism= withoul digging into the surface.

Vertical positioning of the Petri dishes in the
meubator allowed condensate o drain o the bottom
with  cross-contamination ol the dishes, This was

corrected by placing the dishes horizoutally,

The first day of an INSS “illness event” usualhy
went reasonably  well, Inercased  difficulties were
encountered the second day and quite often the
timeline was overrun by approvimately one-hall hour.
Trouble alway s developed on the second day with the
dispensers for the sensitivity dishs. Initially approx-
imately  one hour was spent tryving to make the
dispensers work properly. Some of them could never
be properly bent into shape. These dispensers should

be corrected prior o flight.

The third day always required at least one hour
more than the timeline allowed, One problem which
caused this delay was the slide stainer which obvi-
ously had air in much of it plumbing. At the request
of the project engineer, about halfway through the
test  the Slide stainer was closely  examined by
removal of the baseplate. There apparently > ~ome
extremely volatile material i the decolorizer and
Wright fixitive alcohol which produces a large amount
of vapor. Thix not only produced vapor in the hnes
but also must have forced much of the liguid out of
the resenoirs lor they were practically cmpty when
examined. After removing all air possible from the
reservoirs by means of  needle and syringe and
reanstalling them, the problem ol air in the lines up to
the point of the selector valve was eliminated. The
problem ol vapor in the alcohol lines, however,
persisted.

There were air leahs 0 the selector valves,
evidenced by the fact that air was frequently present
in the lme going to the staining chamber itself.
Further, there was a good deal of backflow into the
various staining lines unless the selector switch was
moved to the S position. This later became standard

practice.

Once some of these problems were sesolved, the
stainer produced reasonable results,

After a slide was finally stained (the sincars
themselves were always (ragile and felt 10 be improp-
erly lixed). there were problems in observing it under
the microscope. Focusing was repeatedly difficult.
Thix problem seemed to be caused by feakage of oil
into the microscope objectives. The stage, which was
nothing more than a pair of rubber rollers, was almost
impossible 1o use in examination of bacterial slides.
The opties lelt a ureat deal to be desired and had
gross color defects, as well as markhed aberrations,
such that it was difficult to differentiate between
cocei and short rods. A second modified stage with
mechanical adjustment was passed in. and this wax a
marked dmprovement. It is recommended this type
stage be mcluded with the tlight equipment.

After gram-staining, one was usually well behind
the timeline, and then had o procecd with collecting
another handful of bottles and reagents for further
identification of the organisms. The catalase reaction,
for example, was never successful until near the end
of the test when the peroxide was simphy poured over
the material rather than allowing it 1o wick up
through filter paper per ofl. Thix. of course, will not
work in orhit.

The hematology portion of the kit also presented
many small problems. We were not notified that the
ditution bottles and counting chamber were in fact
nol gomg 1o be used on Skylab and many frustrating
hours were spent in aliempting 1o use these devices.
I was imdeed o wise decision to delete them from
Shy lah.

The  hemadobinometer  gave  some  trouble
through the entanglement of the small steel cables
tving the picces of the chamber together.

Wright staining could never be satisfactorily done.
It was felt that the use of the slides 10 manually
smear the blood mav have caused some trouble.
Indeed it i hard to see any reason why a proposed
simple plastic smear-spreading device cannot be incor-
poraled Tor Shylab. After liteeally dozens of efforts
the following conclusions were reached about the
Wright staining procedures. Apparently some factor,
probably atmospheric, causes disruption of the white
cells and shrinkage, as shown by crenellation, of the
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red cells in thin smears. The existing red cells stained

beautifully. o thick smears where there was made-

quate staining of the red cells, the white cells would
ain beaatifully  although there was some question as
to the adeguacy of staining cosinophils and basophils.
This may have been another defect of the microscope

oplics,

The urine-specific gravily relractometer appeared
o work well. There was difficulty with the urine
collection bag in that apparently a portion had heen
omitted. There is real doubt as 1o how elean the cateh
will be using this arrangenent,

Operational Bioinstrumentation Systemn

The  Operational Bioinstrumentation  System
(OBS) was donned and used by the crew during
certain preplanned exercise periods. Instead of using
the constant wear garment (CWG), we used a belt
designed and fabricated by the Johnson Space Center
Crew Systems Division. We believe the belt would be
casier to place on a crewmember than would the
CWG and recommend one should be carried on
Skylab for that purpose. The Stomaseal tapes includ-
ed in the OBS were aupcrrl‘icially similar, but obvi-
ously different, from tho~ in the vectoreardiogram
kit. These tapes caused irritation on one crewmember
who had minimal irritation with the VCG Stomascal
tapes. The OBS wa~ not uncomfortable while exer-

cising ou Lhe ergometer.

During use of the ORS there were two EKG signal
failures: an external recorder failed and the run was
aborted. The second signal failure was caused by an
clectrode/skin contact problem. This was solved by
electrode manipulation. The last few runs were made
using paste squeezed from a bottle whose top failed
at least once. We feel the pasle'-soukrd sponge i3 a

better arrangement.

Habitability/Crew Quarters

The SMEAT chamber was quite livable for the
56-day test. During the buildup of SMEAT, the crew
requested a number of changes be made related
directly o habitability. These included making the
upper deck available Tor crew activities, adding two
desks. and controling machinery noise in the cham-
ber. All proved to be important. The deshs on the
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upper deck gave usa pace 1o work undisturhed on a
work surface that was of reasonable size andd well

Muminated. The noise level was tolerable.

The carbon monoxide monitor installed in the
wardroom had been intolerably noisy and attempts to
quict it were only purtiull) <ucerssiul, The noise it
generated was irritating and inteefered with intermal

and external communication,

‘The chamber was ol adequate size to e reason-
ably comfortable, bul more room i a lew arcas
wonld have been weleomed. The size ol the ward-
room was such that moving items in and out ol the
wransder aidock was a chore, and it was nearly
impossible for one crewmember 0 move around
another who was seated at the Tood pedhestal. The
Skylab wardroom is larger thal the SMEAT ward-
room and does not have the transler lock, so this
problem should not be present. The waste manage-
ment compartment was amall, and  thi~ made ot
difficult to change the urine system and clean arounl
and under some of the items.

The lighting within the chamber was adequate for
normal activity, but inadequate for any very close
work. Some of the tasks that required bright light
could be done at the second devel deshs with thewr
desk lamps, but other tasks did not lend themselves
to being performed on the second deck. There was a
portable lamp within the chamber, but it proved not
to be as portable as we would have liked, Henee,
there was often a deficieney of light when close work
was being performed.

We and the chamber staved cleanee than we had
expected, bul cleanlivess required rather constant

attention.

.

The furnishings were rather =partan, but were
adequate for the mission being performed. The large
amount of exposed metal made one think of & ship
and probably added 1o the noisy environment, Al
parts of the chamber reccived noise generated any-
where in the chamber,

Three SMEAT-peculiar items made the chamber
more habitable. These were a television, a telephone.
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and lawn chairs. The television was used ne the course
work that supplemented onr Sky Lab activities, bt it
was also used cach evening for entertamment. Gener-
ally two crewmembiers watehed television one and
onc-hall 10 1wo hours prr day . We watched movies
provided by the Navy motion picture srviee. Unfos-
tunately  the frequenes of good wmovies Trom this
SOUFCE Wis Fare,

The aceess wie had o commercial lelephone
system was also important as it zave ws an opportini-
ty to heep in ouch with our fanmiliex and friends. We
limited these calls 1o personal matters and used the
normal  communications loops Tor SNMIEAT opera-
tional communications. Problems with this = slen are
discussed in the Chamber Systems seetion,

The change in the emvironment hecause of the
atmosphere being 7O pereent thy and 30 pereent Ny
at 5 psi was practically annoticeable. One found that
specch seemed W shilt down in frequeney Cand noise
m general was down a bitc but we sooun became
unaware of these changes. 1t was alimost impossible to
whistle when we firt entered the chamber, and a
sneeze did not have nearhy the foree it did at VLT pi.
Theee was significantly more abdominal vas during
the cutire time at 5 psi.

The chamber was comfortable at 69° . Before
the test. one of the erew complained of Bis feet being
cold on the alummum tloor, hut this was alleviated
Iy shoes with heavier soles, These shoes also made
standing on the metal floor much more comfortable,
We seldom used the fan when the temperalure was al
6U°F. We had the subjective feeline that the 3psi
atmosphere carried less heat away trom the body
than a normal atmosphere. This meant a cooler
temperature was more comfortable. The low humid.
ity level of the chamber made perspiration more
effective and balanced the capabiin of the atmo-
sphere to carry away heat during exervise.

There was a period of approsimately four dayvs
when the temperature was raised o a maximum of
TTOF. and the humidity was allowed 1o rise to about
00 pereent. 1t was not as comfortable at this tem-
perature and humidity but it certainly was livable, We
found there was much more condensation in the
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chamber. We felt the heat more, particularly during
exercise, and clothes and towels ok longer o dry.
During this period the Skylab fan was normally used
during exereise,

Les clothmg was worn during the high temp-
erature period. The 81T removed his shoes and socks.
The PLT removed his undershirt and the legs of his
trouser~; and the CDR removed his shirt and trooser

'(‘gh’.

Theee was a habitability experiment, M487 | that
had goestiomaires concerning habitability and some
meazuring nstruments. The questionnaires were of
two form~  tabular and discussion type. We found
that Tor many of the more subjective items the
tabular form wa- quite inadequate and really did not
stimulate the crew to identify why they felt the way
they did. The discussion items stimulated  ~ome
conversation hetween the crew and appeared to bring
out salient habitability features of the chamber.

The measurement nstruments proved usefol 1o
us. and we envision they will be useful in Sky lab. The
packing of the nstruments makes them difficult 1o
get in andd ot of the drawer, and this may have
vontributed 1o the failures of the “meat type”
thermometer, The digital thermometer was slow Lo
respond, probably lecause of the size of the probe.
The accuracy of this instrument b= questionable,
probably  because of heat transfer to the large

halld-hl'm prnln‘.

T003-Aerosol Analysis

Thi= i~ a Shyvlab experiment designed 10 ook at
particalate matter coneentration and size distribu-
tion. We used the Shylab protocol as defined prior to

SMEAT,

The acrsol analysis unit is small and simple to use.
The only operational problem involved missing some
ol the displayed mumbers, There are three sets of
numbers displayed sequentialh after a fixed time
period. 1t is then the job of the crewman to log three
numbers as they are displayed. There were several
occasions when ~omething would happen to distract
us from the mstrument, and the readings would be
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missed. 1 Uis happened we simply reimitiated the
eyele, [ was assumed this would nothave an adverse

+flect on the experimental data,

The instrument displaved questionable data. Par-
ticulale  count prm'm'lll'd al some relatively  fow
number, and then Tor no apparent reason il mereased
tremendously. The evele could be immediately re-
inttiated. and the numbers would return o what they
nonmally read. We hegan to question the validity of
the data. There is no inflight provision for checkhing
thix instroment. We tried covering the intahe port and
discovered the readings weee stll about the same.
When this was reported, the TOO3 device was passed
out of the chamber for calibration and was not

returned.

We recommend a cheek be made o determine o
the deviee i working properly. [F possible some
means should be devised to eheek the device in flight.

Chamber Systems

The chamber systems, which wers peenliar Lo this

test were, in general, exeellent.

We had some problems with the communication
sy=tem in trying Lo work out the proper gain ~tting-
such that there would be no feedback through the
variows intercom boxes, The gain had to be inereased
when the chamber was st 5 psia to use the box
mounted microphones. Most problems were worked
out pretest. This is probably worthy of consideration
for Skylab since the on orbit gain setlings will
probably be different than for ground test.

There was also some crosstalk on various channels
of the communeiation svstem which was disconcert-
ing at some limes and irritating at others. Part of our
communication system was a telephone (:apalbilit).
The initial system was very poor and the party
outside could rarely hear us. During the test this was
changed 1o a hard wire system that was a greal
improvement over the old system, but the incoming
volume was tow for off site calls. The concept of the
telephone i~ a rood one and it proved 1o be quite
the  standpoint  of  work and

usciul from

enlertainment.
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The environmental control system performed its
job satistactorily throughont the test exeept that it
wa~ unable 1o control humidity at clevated tempera.
tures. An irritant periodically appeared in the cham-
ber air. This caused a seratehy throat, watery eyes,
and runuy nose i two of us. It was most noticeable
when working with the LiOI canisters, henee, we
conmnected it with them, but never actually deter-
mined the specific cause . Nome of the symplons werre
quite ~imilar to those mdividuals have experienced in

orhil and attributed zero g

The ga= monitors had to be calibrated twice a day
and this produced the possibility of false alarms
because our alarms came of 1 the recorders rather than

the transducers. Fhis proved to be annoy ing.

There never was an in-chamber tire alarm, false or

otherwise, on the fire deteetor sy stem,

The lighting and electrical system performed well
throughout the test. The reading lumps (ashed when
they were off for no explained  reason, but this

presented no real problen,

The water system worhed well. A decision was
made prior to lest start to reduce the wdine content
from 0O to 1 ppmn. which improved the taste consider-
ably. The waste management compartinent water
collection tank overflowed a few tmes and produced
a foul, sulfurous odor. This was eleaned up with no
simificant problems. The drain from the sink into
this tank was also stopped up, and we felt that some
object might have been lodged in the line.

The odor removal filters in the waste management
compartment p(:rl‘urmml aupvrl)l) .

The entertainment system, which consisted of
television as well as AM and FM radio, worked well
and was a tremendous asset o the chamber.

Hygienc and Housekeeping

The pvrsnnal hygiene {acilities within the cham-
ber were insolar as possible, similar to those in
Shyiab. Included was a sall test-peculiar sink for

wetting washeloths, Skylab  personal  hygiene kit



2116

artiches such as washeloths, =oap, razoc, clipper, and a
shower which functionathy approximated the Sky lal
ssstem, inchuding water quanlity and temprrature,
Not inchided in SMEAT was the Skylab washeloth

squeczer, and Skylah towets.

Showering, We dound that the personal by gicne
lacdities within the chamber were adequate to enable
us to feel refatively clean. We alway = tooked forward
to the weekly showers and believe they will be one of
the most welcome Skylab labitabilits Teatores, The
siv poands of water was adeguate Tor a quick shower,
but certainly should not be deereased. Water tempera-
ture was aceeplable, but hotter water was desirable.
We did try showering at the highest test temperatore
available, 1237, and found this o be preferable.
Shylab miranol soap i the shower proved adeguate

though the quantity was minimal,

The ~ctup and use of the SNEAT shower was
strooth and the spray nozzle worked well with the
amonnt of water available, The SAEAT shower was
draimmed by gravity - and a pan of shower water was
passed oul of the chamber alter cach wse. Drying of
the shower was accomplished by wiping the base with
a towel and allowing the sides o dryv in the setup
posittion while we were having dinner. On g few
orcasions, the Skylab fan was st up to blow air to
dey the showers bt with or wathout the fan the
shower apprared o adequatel dey i two or three
hours. At no time did we ever find evidence of any
lilth or growth in the shower, and at no time did we
ever use betadine or any other preparation to clean

the ~hower,

Dady Personal Cleansing, The day -to-day - per-
sonal hygiene procedures used the contents of the
Shvlal personal hygicne kit. These were aceeptable
but we believe the kit would be more eHective il vach
mdividual vould tailor it more (o his needs, In one
case the Kit proved not to have enough toothpaste,

and there were unused items.

Shy lab Newutragena soap was the ouby cleaning
agent in the test and was adequate. We used about
half the soap provided.
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We o tried three different types of  washeloths
Shy lab
henzamidizole (PBI) washeloths, and a cotton-type
procured especially for SMEAT. OF the three types
supplicd, the Skylab and PBE washeloths were felt to

which included  the washeloths,  poly-

be the best and were about equally effective. The
cotton washeloth had litte body and was more like a
shsh cloth. We nsed approximately one and one-half
washetoths per man per day as opposed o the two
washeloths per day assigned on Shyvlab. Sinee the
washeloths are usetul for many applications besides
personal hy giene we recommend the Shylab quantity
be hept the same.

Two tpes of towels were supplicd for our use,
PBE and cotton. We preferred the PBU sinee the
cotton towels dike the cotton washeloths, appeared
more like dish cloths than towels, There was one
towel per man per day . and we osed approximately

siv towels per week.

Two ty pes of razors were also supplied. One was a
windup razor that was adequate for two of the crew
pre- and posttest. For the other erewman it dulled
consistenthy alter two weeks use on 2 heavy bweard.
The other was i standard salety razor that was used

with a brushic < shaving eream.

The procedure that developed among us was to
wash in the morning and cvening and, every day or
two, Lo take a body sponge bath after our exercise
periods. AU this time we would try to wash com-
pletely using the small sink and washeloths, This was
probabhy more convenient in SMEAT than it will he
on Shylab due 1o the testpecabiar <ink. This method
o cleansing was not as effective a~ taking a shower,
but it did chean off wmuch ol te prrspiration
generated by exercise. During this period ako. we
changed any ol our clothes that could be changed for
the day. 1t i~ our revommendation that a personal
hygiene period adequate for rather complete washing
be scheduled atter cach exercise period.

A pair of hair cutting scissors were provided for
the chanber staythat are not included in the Shylab
stowage list. No extensive hair culting was done, but
we found the scissors a uscful item.
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Housekeeping. Housekeeping procedures for the
chamber  were  developed by the crew during a
number of pretest lraining exercises. Most of the
original procedures called for cleaning the chamber
with wipes and betadine pads. Wipes were adequate,
and we used washeloths and towels that had been
used for permonal hygicne, dried, and saved for
housecleaning. These  washceloths and towels were
used with the Skylab soap to clean loors and
cabinets as required.

Subjectively the chamber seemed clean. We had
three major housekeeping periods of approximately a
hall hour after cach meal. The moring period was

usedd 10 change the lithium hydroxide (CO 5 scrub-

bers) canisters and to generally get the chamber ready
for the day = activities. The afternoon period was the
main housckeeping prriod of the day, and at that
time we did mujor tasks, such as washing floors and
vacuuming. The compartments to be cleaned and
many of the items to be accomplished were indicated
on the teleprinter timeline by an appropriate code.

The floor was the most difficult item to keep
clean. The waste management arca lloor required
wiping on a daily basis since some water from
condensation was often present. Also, test-peculiar
shoe soles marked the floor badly.

In cleaning the waste management compartment
betadine pads were used on items such as the fecal
collector scat. and urine cup holders but were not
generally used throughout the compartment. It would
probably facilitate cleaning if some cleaning agent
were provided o clean surfaces such as walls and
floors that would remove dirt and grease better than
the personal hygiene soap or the hetadine pads. The
last housckeeping period was in the evening. At that
time. all trash and fecal cans were gathered together
and sent out through the airfock and the chamber was
checked for combustible materials that may have
been left out from the day’s activities.

A surprising amount of lint collected in the
chamber. 1t appearsd to come  from the
X-420 material from  which clothes and  bed linen
were made. This lint gathered in comners. under

bunk=, and in other elosed arcas and wax routinely
colleeted and passed out of the chamber for analy sis.

Both the Shylab vacuumn and the Apollo vacuum
cleaner were available Tor our use. When the test
started only the Skylab vacumin was in the chamber:
but thiz proved neflective, and the Apollo vacuum
was requested. The Shytab vacuum did not have
adequate power to pick up debris on the floor. In our
experienee, the Apollo cleaner was two or three thmes
as effective in picking up things than was the Shylab
cleaner.

A disadvantage of the Apollo cleaner was that all
items were sucked against a sereen at the brush and
had to be removed by haod and placed in g collection
bag. Also, enough items apparenth passed through
the screen o clog the vacuum cleaner. This caused it
o cease o function, and it had to be passed out of

the chamber for cleaning.

During the test, modifications were made of the
Skylab vacuum cleaner pick-up brush. These modifi-
cations made (he vacuum slightly more effective, and
we judged it minimally satisfactory.

We were concermned about collecting liguid with
the vacuum cleaner. We tried collecting a small
amount of water with the Skylab vacuum and found
it deposited in the hose, and none of it was collected
in the collection bag. If the liquid had been such that
it turned foul with time, the vacuum would have
undoubtedly smelled terribly. For this reason we
believe that water is the only liquid that can be
piched up with the vacuum cleaner, and water may
more effectively be wiped up with a cloth.

One particular problem encountered in the cham-
ber was urine spills. These were cleaned with wash-
cloths, towels, undershirts, and anything else that
would absorb fiquid. After the urine was absorbed the
arca was cleaned with betadine. To umprove this
cleaning procedure, gloves of some sort should be
included so that one’s hands would not be exposed to
the urine.

Trash accumulation in the chamber was less than
we had expected. We used one trash bag in the
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wardroom for both wet and dry trash: one trash bag
in the waste management compartment:and one large
trash bag e the experiment area. Trash bags were
ecrplicd cach evemng, The second trash bag in the
wardroom was taped shat and never used, and the
trash bags in the Seep compactments and experiment
area were seldom used and seldom empied. The large
trash bag in the experiment area collected most of the
chamber trash and was especially handy for large

items such as clothing and bed hnens,

Tissues and Wipes. Tissues and wipes were used
lor many purposes i the ehamber, mcluding house-
heeping and personal hygicne. When the test started
we had approvimately  the number of tasues and
wipes progranmmed for a 30-day Sky tals mission. After
less than two weeks of use, we realized that inade-
quate numbers had been stowed. From that time, we
conserved wipes as much as possible and alerted
Control that we might run out ol wipes Iefore the
test was complete,

We ultimately ran out of wpes on day 52, and,
therefore, recommend one additional bos of w ipes be
placed aboard Skylab for cach month o erew s
aboard. This represents a total of tive additional
boses. depending on the number of wipes in a box,
The wipes originally included i SME T were differ-
ent from those later passed o us. and the count
per box differed. With fewer than 196 wipes per box,
one additional box per month would be nsufficient.
The six wipes per day per man provided were often not
adequate. More than six wipes per defecation were
required due 10 =tool consisteney . There were also
multiple defecations on a single day . Tissues were
used whenever they vould be substituted for a wipe.
We recommend the number of tissues be hept the
<ame,

Inventory  of ilems such as tissues and wipes
caused some problem. To alleviate this, we suggest
Skylab erews use tissues and wipes lrom as few boves
at o time as possible. One open wipe box in the
wardroom  and  one i the waste  management
compartinent should be adequate. In this manner, as
a box i empticd there would be a good inventory

point.
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Waste Collection

As part of the MO70 series experiments we were
required to colleet all body wastes during the pretest
and posttest periods. The pretest period of collection
began with & rather loosely defined plan, and the
cesults that were reported  to us indicated it was
inadequate. During the test, the method of control of
these  items was improved, and  the  posttest
collections appear to have progressed more stnoothly.
During the postiest period system of positive
coutrol waz implemented: all containers were coded
to prevent any mixing of samples.

I war our expenence that collecting samples was
a rather alien aml unpleasant tash. 1t should be niade
as easy and unconfusing as possible. This  was
especially  felt in the pretest period when we were
expeeted to perform our normal activities, including
flving and a number  of tashs in
preparation for the test. It seemed that during the

laree other
pretest period one bad 1o think of every action,
however hasic and <imple, because information re-
lated to these actions were resguired for the test,

To make speamen collection casier while away
from the normal work arcas, a caerying case was
developed whicl would heep urine and water chilled.
This was made available to us postiest as a result of
our pretest experience which pointed to the need for
an inconspicunus. small. lightweight, casily carried
case, vapable ol heing flown aboard an aircraft. Four
stations were available at the Johnson Space Center
cquipped with refrigerators and specimen collection
vontainers for our use, but no pretest Provisions were
made for olf-site ~pecimen collection. Our postiest
experience indicates the carrving case is adequate,
and we recommend it be available for the Shvlab

Crews,

Another procedure instituted posttest was a daily
bricfing on the wastes collected during the previous
day. 1 all goes according to plan this briefing is
superfluous, but it there are problems the briefing
allows the subject= and the experimenters to discuss
what happened and hopefully resolve the problem.
We recommend this be done for Skylab since there
are bound to be unexpected  occurrences in the
hundreds of mian day ~ of collection.



CREW REPORT 2119

Skylab Urine Volume Measuring System

A single complete Shylab Urine Volume Mea-
suring System (UVAS) was placed in SMEAT to e
used by the SPT to determine crew acceplability and
tmelines and to verfy  that the system worked
prup«-rl_\. This was a prototype unit which differed in
some ways from the flight wnit: for example., ithad a
number of sharp corners and a special centrifuge
outlet nipple 1o allow for lg oprration. An carly
version of urine bags and collection hoses/ Tunmel
assemblies were initially supplil'd for use with the
wint.

Prior to SMEAT several problems were encount-
ered ineluding excessive condensation inside  the
drawer on the cold plates and in other cold arcas, an
ammoniacal stench whenever the urine blower was
on, and failure of the h-st-pm-uliar centrifuge output
nipple. 1t was discovered pretest that wilth the door
properly wealed the condensation on the cold plates
ceased 1o be a problem. Also it was discovered that
the blower had a good deal of sound deadening
material which had absorbed odors. Removal of this
soundproofing  material and installation of a new
charvoal canister solved the odor problem. A new
centrifuge with another test-peculiar outlet nipple
wax installed prior 1o test start, There was some
difficulty with urine regurgitation from the: collection
hose, apparently due o inadequate airflow.

During the test the UVMS was used in the same
fashion as planned on Shylah with the collection
hose/funnel assembly kept at the level of the cemn-
fuge. On scheduled day s, all urinations were measured
and 10 percent aliquots were removed from a mea-
suring cylinder, pooled, and passed out separately o
allow volume and chemical comparisons with the

UVMS xystem.

On many days, the SPT kept a record ol cach
micturition volume by catching it in a volumetric
cylinder and recording this. Ako a crude check was
made of cach crewmember’s daily urine volume by

weight,

One of the most symificant problems, which was
noted even before the ehamber run began was
"I and

inadequate bag size for a 2-t-hour pool. The

PUT exveeded the 2000 nd hinit on oceasions, and
the CDR would tyvpically produce approvimalely
3000 wml.

Another major problem encountered was nrine
~pills. Even belore the test bewan theee was one large
wrine ~pill when the previously mentioned centrifuge
outlet nipple separated. During the test on day~ 208
and 200, there were snall spill upparrnll) from
leakage at the outlet of the contrifuge. There were =i
major (approximately one fiter or more) urine spills
from this system during the 56-day test. On day 210
there was a spill due 1o a repeat failure on the
centriluge ontlet nipple. On days 233,236, 2 11,250,
and 238 there were major spill due 1o failures ~uch as
tears in the urine bags. One of these failed bags was ol
flight configuration. Thes spills required a mininum
ol an hour to clean, and it was impn»iblr lo ever
completely clean the unit and surrounding arca. This
resulted in a significant odor especially in the urine

drawer it~ell.

One of the major difficulties after a spill was
inadequate materials and procedures to clean it. The
UVMS drawer was lilled with small items with sharp
corners and bends. This noConly held the urine but
made any attempt to clean it a hazardous job. The
centrifuge had to be removed as the initial step. This
and subsequent cleaning usually resulted in wicked
hands from surfaces coated with urine,

The GVMS cleaning tool proved to be of little
use. We tried Lwo versions in the chamber, neither of
which was adequate. For proper cleaning one always
went back 1o using washcloths, towels, andershirts,
and the like, held directly in the hand. Another useful
item was the “mechanical fingers”™ in the too! Kkit.
These served the purpose lor which the cleaning tool
wemed 1o be intended. e, for cleaning hard o reach

arcas,

Another sigificant problem encountered was the
inability to oblain a proper sample {rom the system.
Most of the sample bags had not been properly
evacuated. Hence, when the chamber pressure was
reduced. they exploded. ltwas then necessary for the
SIT 1o evacuate and refold most of the sample bags
prior to asing. These bags would never fill propvrly in
the compartment made to hold them. I they were
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removed from the compartinent. they  tended 1o
overhill which might cause problems in the refrigera-

lor Lray.

There was a problem with low airllow through
the collection hose with the first two centrifuges.
Fliis caused pooling of urine i the collection hose
with spillage. The third contrifuge had adequate
airflow, and spillage from the collection hose Tunnel
was marhedly reduced,

In an effort 1o investigate this airllow problem a
MMowmeter was passed into the chamber. This meler
indicated extremely fow tlow values, Flow was later
correetly measured by means of a Collins spirometer
which bad been passed in for respiratory stiddies, The
Mow on the fast contrifuge used. post day 235, was
approvimately 85 pereent of specilication, which was
adequalte.

A attempt was made to change the centrifuge
filier on day 235 11 was inpossible 1o manualhy
remove the filter asembly from the centrifuge. The
food overcan hid removal tool was “lashed up”
remove the tilter. Some type of appropriate tool
~hould be constdered for Skylab to accomphisl this
lil.‘k.

On the day following the tilter replacement the
unil began to drag, apparcntly hecause of interference
between the filter assembly und the casr. Subscquent
i estigation proved the filter had not been properly
latched in place. Apparently 30 to ) pounds of
thumb pressure is regquired to seat the filter and this
ix not practical. Some practical ineans ot nstalling a
filter: shonld be devised along with a means of
checking its proper installation.

Fach investigation of the several centrifuges re.
vealed white “growths™ which apprarcd 10 be some
rapidly evobhing corrosion. This alwavs oceurred
along the breaklines of the unit. On the unit in which
the filter was replaced, the interior was rather foul
and discolored. There was also some apparent corro-

sion,

Another recurring problem with the system was
obviously poor quality control on the collection

hose/funnel assemiblies. 1t was alinost impossible 1o
attach the nonflight version we had at the beginning
of the test most of the time, and completely
impossible in approximately 10 pereent of the cases.,
The thight-type colfection hose/funmel assemblies also
had quality control problems. 1t wax virtually impos.
sible to take some of these assemblies off  the
centrifuge inlet, and others would sparate at the

nozzle/hose level

Also the recirculation port on the hoses was often
not perforated. Lach of recicculation was a continu-
ing problem. Frequeotly the cause could not e
lound. although  the  plugged port was olten the
problem.

The volume determination readout hegan to hang
up approximately halfway through the test. On the
matruction of appropriate engineers the linkage was
examined, and the follower arm appeared 0 be free.
Heappeared the meter itell or possibly the flex <haft
from the meter (o the Follower was hanging.

One relatively minor problem: was the tendeney
ol the plastie in the arine receiver funnel 1o retain the
creases where it was folded. These creases would
retam sizable amounts of urine such that the funnel
was abway ~ dirty and messy Ao Told and stow.

The spring clips which were 1o hold the cover
over the folded tunnel frequently came of 1. There
were small springs on the inlet boot of the flight urine
bags. These would alzo come off. While this was- no
great problem o us it would be in Skyvlab in

wetgh dessness,

The drawer latel was workable throughout the
tesl. but it was alwavs a source of irritation.
Considerable fiddling was required to nsure that it
worked. The tateh for the recirculation hose door was
very diffieull o work. 1t required high pressures and
a hittle sleight of hand 1o close.

\ great deal of time was spent on the SMEAT
UVMS due 1o the large number of problems eneoun-
tered. It was obvious that at least one hour per day
should be planned o handle the sy stem f Inprove-
ments are not eflected, Hopetully - the Skylab sy stem
will have fewer problems and require less time,
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Condensation from the cooling lines leading to
the cold plates was a continuing problein. Such large
accumulations of water could prove to be a signifi-
cant problem on Shylab considering the proximity of
clectrical lines and conneclors.

This system should not be seriously considered
for Shylab in its present state. IUis tine consumimg
and a nuisance o use. Hhas inadequate capacitly and
poses a potential health hazard. Furthermore, it will
not provide the required measureinent and =ampling

functions,

The Skylub Contingency Urine Systemn was used
near the end of the test for a period of live days. This
test was originally scheduled for ten day~, but wa~
reduced by a shortage of the latest conliguration of
urine bladders. This system consists of a cufl assem-
bly which mates to the recirculation hine of the urine
bladder. Urination is performed directly through this
{ine and mining is done by hand.

Many operational problems were also encoun-
tered with the contingency system. They were as

follows:

1. As with the primary system, the capacily was
inadequate and two bladders were required cach day.

2. There was exeessive back pressure on the
systern with - about 75 percent of the voids. The
amount and cause seemed 1o vary. One major cause
was test-peculiar in that the pressure plate would not
stay in the [ull release position. However, removing
the bladder from beneath the pressure plate did not
solve the problem. Some pressure, enough to cause
the caff to bulge significantly, scems to be flow-re-
lated. The back pressure also was independent of
height above the bladder.

3. One old style bladder leaked in the vicinity of
the boud to the plate. A switch was made to the new
bladders when this occurred. There were no leaks
with the new style bladders,

4. Several culfl assemblies had small leaks. This
combined with the back pressure problem produced a
sizable stream of urine.

5. Sampling was totally unsuceessful. The recir-
culation hose pulled out of the sample bag several
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times and resulted inurine being sprayed about the
wasle management compartment. Neither tue pres
sure plate nor haml pressure was adequate to fill the
sample bags. Gravity was normally relied upon, and,
event then, a sizeable amount of air got nto the bag.
Another technigue that worked, but <Gl had the ar
problem, was to use the roller 1o pump unne into the
sanmiple container.

6. The roller assembly has a latch that makes it
difficwt to release when it is on the hose. This
becomes a two-handed operation. The lateh should be
capable of being released with one hand.

7. The large nnniber ol operations required to
use this system insures that something will be done
wrong when itis used in the carly moming hours by a

slecpy erewman,

The number and  magnitude of the problems
associated with the urine system inahe il unsatislae-
tory lor use. Bladder size mustbe inereased Lo handle
24-hour urine pools. Back' pressure musl be redueed
for medical and comforet reasons. I experiment data
is to be obtained the sampling problems need o be

correcled.

Fecal Collection System

The SMEAT fucal collection system consisted of a
fixture that originally had been scheduled o fly on
an Apollo flight and the Skylab fecal collection bags.
The SMEAT chamber was equipped with a refrig-
erator for the stowage of the fecal samples: these
were nol proeessed as they will he on Sky lab. Tnstead,
the samples were passed through the airlock cach

evening.

The fecal collection system used the same prinei-
ples as the Skylab system and was representative ol it
In the g environment the system worked well) and
the filters cffectively eliminated odors. n zero ¢,
however, there may  be  one Whien
consuming the Skylah dict the stool 1= not well
formed, and, in the absence of gravity, this may
create a s«'parali()n prublvm.

problem,

The Skylab freal collection  bags worked well
except for the complicated closing procedure. This
procedure is accomplished by stripping off some tape,
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exposiy sticky surfaces, and then lolding and sealing
the bag. As a result of the closure problems, we were
istructed 1o throw the tape away and not do the
complicated  told, We agres completely  widh the

revised procedures and recommend them for Sky lab.

The time requived for detecation averaged about
15 minutes with the system we had. This ineluded the
weighing of the sample and placing @ new bag in the
finture. We strongdy recommend that the system be
configured o that a bag s in place at the end of vach
use to clinnnate detays il use of the tecal collector is
required on short notice,

Carbon Monoxide Monitor

This  instrument, a state-of-the-art speetro-
fourometer, was evaluated for - possible Shylal use. It
was permancotly moanted to continuoush measure
atmosphieric carbon monoxide and provide a visibie
amd audible alarm if the reading exeecded a value of
1T micrograms per cubic meter,

When the unit was operated during training it
produced an intolerable noise. 1t was retumed o the
manufacturer to cure the noise problemy and was
passed o us during the test. We found the noise had
been reduced to a tolerable level, but it interfered
with speech. Unfortunately | the device was located i
the wardroom  where we  tended 1o gather for
mectings and conference calls. AUsuch times it had to
be turned off in order 1o hear. 11 this deviee s flown
on Shylah, attempts should be made to make it
quicter il feasible, and it should be located in an arca
of the vehiele where the erew would not normally be

w nrl‘\lng.

We found that interpretation of the readings
(which were usually negative) was not operationally
satislactory. There was no way 1o check the unit 1o
verify that readings were correct. The test switch only
checked a portion of the electronies. Some way ol
checking the instrument or verify ing unusual readings
is required  before  faith can be placed in it~
indications. Our unit failed completels during the test
and was passed out of the chamber and not retumed.,

Carbon Dioxide Monitor

The carbon  dioxide monitor was a small,

portable, hattery-powered  deviee  that was being
tested for the Skyvlab Program to provide carbon
dioxide  levels  and  ambient  and dewpoint
temperatures. The carbon dioxide scale is logarithmic,
and we found it difficult to read with any degree of
accuraey .

During the mitial .lmrli(m ol the test, the deviee
was  giving  carbon  dioxide indications  of
T 8mi g when the actual was approximately
amm Heo 1t was passed oul of the chamber for
calibration. The indications agreed with the chamber
instrumentation with reading himits.

The response time of the unit for carbon dioxide
imndications wa- supposed 1o be two minutes, but
observation of the deviee when it was passed into the
chamber indicated this o be greater than five, This
makes it aperationally difficult to make @ scan of the
vehicle with the instrument.

The ambient temperature indication was two to
three degrees above that indicated by chamber
nstrumentabion. The dewpomt temperature resulted
in a refative bumidity value that agreed with chamber

mstrumentation.

The onhy imeans of checking this instrament was
by comparison with other instrumentation.  This
other imstrnmentation i~ available on Sky tab as a part
of the emvironmental  control ssxtem. We never
developed any Taith in the carbon dioxide monitor
and doubt the value of flying it on Sky lab,

Food

Our ntroduction 1o Shylab foods began many
months hefore SMEAT, We ampled and  rated
individual ttems, and this served as one eriterion for
our menu selections, Although dieticians spoke of
formulating diet in view of ty pical individual food
intahes, and ~ome erewmembers kept detailed records
for thiz purpose. no use was ever made of such data.
The preparation of the SMEAT menus was not just a
sclection of Toods sinee the daily menu had to ~atisfy
very tight constraints on calories, protean, and live
minerals. \s a result, we had to revamp the menus
numerous thnes before they were sahisfactony to two
crewmen and met the constraints of the experiments,
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The diets were not modified in face of marked weight
losses (3 1/2 pounds and 1 pounds) by one crew-
member during two werkly trials periods. In the case
of thix crewmember, a menu satisfactory to him was
never realized, and he entered the pretest period with
what he considered an inadequate menu hut the best
he could obtain.

Menu selection heeame increasingly more difficult
as the amount of food became larger, since the
general constraints remained the same no matter what
the size of the dict. An individual with 2300 calories
in his dict has a much casier task in menu selection
than one  with diet,
cwlection was further complicated by the absence ol

3200 calories in his [Food
many of the actual food items during testing SURSIONS,
Rome of the items found unacceplable were improved
during manufacture such that they would have been
acceptable. The converse was also true. Although
70 plus items were said to be available, only a
fraction of this number was actually available when
mineral and other constraints were imposed.

We hegan to eat Skylab food exclusively 28 days
before the test began. During that period the weights
of two of the erewmembers remained essentially
constant, and the third crewmember lost approxi-
mately 4 1/2 pound. This was considered acceptable
by the experimenters, and the test was begun with
these menus.,

During the pretest and postiest periods diets were
altered 1o a very limited extent by the substitution of
a number of items for the Skylab food. These
included items such as baked potatoes, lettuee,
tomatoes, cokes, salad dressing, and chocolate ice
cream. The inclusion of these items made the dirt
much more acceptable sinee they were a welcome
change from the Skvlab food.

Generally, the pretest breakfasts and lunches were
consumed in the Lunar Receiving Laboratory and
were prepared for us there. These cating facilities
were very basic. A table was set up in the middle of
an office, and the kitchen was used by many of the
people in the building for a general kitchen. This
surprised us since serious thought had heen given o
having us live away from our homes in a health
stabilization plan designed to MINIMIZE Our exXposure
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to sickness. In addition, we believe ax do some
restaurant owners, that dining surroundings affeet
how one thinks of the food heing consumed. Fyery
cffort should be made to make the unenjoyable
experience of cating a completehy controlled duet as

pll'asunl as p()»ihh'.

The dinner meal and all weekend meals and all
the water to be drunk were delivered to our homes
where a refrigerator was kept for their stowage. There
were three additional stations at the Johnson Space
Center where controlled water was kept for our

consumption.

Unlike the Skylab Orhital Workshop. the SMEAT
chamber did not provide safticient room (o stow the
entire 56 days of Tood. We «tarted with five bales of
food in the chamber and then were resupplicd with
food 0 keep appm\imul«-l) four hales of food in the
chamber. A bale did not provide adequate space o
contain all the beverage overcans thal were i our
six-day dicts, and there was always some mining of
menu cycles within at least one of the food hale=. A
system of color codings was adopted for vach siv-day
cyele’s overcans. In our opinion, this system was
much easier to use than a complicated numbering
svstem. The beverage trays in the pantry  were
inadequately Jarge for a six-day cycle, o they had to
be restocked every two to three days. Three tockers
set aside for stowing the emply overcans were
inadequate for the number of overcans in our six-day

diet.

Fool preparation within the chamber was done
on a Skylab food pedestal which worked well. The
concept of having individual dishes reconstituted and
heated in the heating tray appeared satisfactory . 1t
was necessary (o lubricate the reconstitution water

selector to prevent binding.

The time required {o prepare a meal, consume it
clean up, and then make initial preparations for the
next meal took about 40 minutes. At the completion
of a meal, we got out the items that were 0 be
prepared for the next meal. It the items were to be
heated, they were placed in the trays and the timers
sl (o automatically trn them ontif they were to be
chilled. they were placed in the refrigerator.
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One class of food items that created a problem
was  the reconstituted  foods that required 15 or
20 minutes reconstitution time for good  taste. We
were anlormed not o reconstitute these jtems at the
previons meal o prevent bacteriadl growth, and
reconstituting them at the time of the meal did not
give adequate time for rebyvdration, The problem was
olten overcome Iy one ol us reconstituting these
items 15 or 20 minutes prior 1o a meal i time could
he taken from the pecformance of another scheduled
tash. Foods were reconstituted with the amounts ol
waler called out on the wena. This did not alway »
agree with values printed on the cans and resulted in

conlusion.

I lood preparation a momber of  contaimers
failed. These included the follow my:

. Vahes on the beverage containers, especially
those on the coffee and grape drink contain-
ers, leaked. Fach time a colfee was 1o be
reconstituted, a tissue was wrapped around
the vahe to limit the spill that otherwise
would result.

2. Seams on g number of the bags failed during
the  reconstitution.  This was especially
troublesome when a bag was hneaded Tor

uiNing.

3. Membranes on frozen food items Tailed when
the items were heated. Wee ried heating the
(ood 4 number of different way = to minimize
the mess that would result when a membeane
faled. but none helped. Procedures called for
the lids of the cans 10 be removed Iefore
heating but opening  lrozen items often
resulted i the tabs breaking requiring lid
removal with o ~screwdrver. 1 the Bd was
removed  before heating, the  membrane
usually sphit during heating. and any liquid in
the can would get into the tray wells and on
the tray hid. Opening the lids and puncluring
the membrane betore heating uswally resulted
i the same spills during heating. The third
method was to leave the hid on and open the
lid only after heating. This often resulted in
the  membrane failing when the lid  was
opened, but one could cateh the liquid with a
Ussue and minimize the mess. We recommend
removing lids after heating,

HA dew valves were missing from beverage

containers,

-l

A e beverage containers were cmply.
O, Some beverase  containers  were hissing
O-riners.

A\ few ilems, particularly ~oups. were very
diflicult 1o reconstitute 10 a smooth consi.
terney

8. Some loods, such as filets, contained a lot of
thin diquids  which  might prove 1o be a
probleny in zero o

9. 1 an item Tailed (o be opened by the tab, the
use of the can opener resulted in the rim ol
the can heing cut off leaving a dangerously
sharp edge. We recommend using a ~crew-
driver to remove the tear-back lid.

The taste of the food was tolerable over the
perind of the test, Oue crewmember had difficulty
with the diet since he was being fed large quantities
of candies and cookies 1o try to maintain his weight
without changing the core diet. This continuing loss
of weight in one crewmember and the inability of the
yatem 4o cope with the problem was our major
coneern with the food sv=tem. During the pretest
period this crew member lost O pounds, amd no
change was made in the dict, During the test he ot
O V4 pounds. and no change was made in the basic
diect except for the addition of almost pure carhohy -
drate items, During the po=tte=t period, the basie diet
was  maintained  antil the  total weight loss was
19 pounds. AL that time he was allowed to choose
and cat additional items from the Skyvlab food list,

and his loss ol wetght was arrested.

The weight of twoerewmembers remained essen-
tially constant during the test while that of the third
decreased sigmificantly .

All thece of the erewmembers exercised at a level
they felt was roughly cquivalent 1o their activity
during the pretest inenu consumption period.

The problems encountered with the mechanical
failures and the probleins with the diet indicate 1o us
that more flexibility s required within the lood
svstem. Certaindy | spares should be available inflight
lo cover conbingencies such as a food item disagreeing
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with an astronaut: food package fatlure: astronaut
weight gain or loss, or an illness that prevenls an
astronaut from cating the preseribed diet. Also a
method of casily accessing these spares for particular
food items should be developed.

We ate all of our loods with the exception of the
pra soup and lemon drops. Pra soup was eliminated
from one crewman’s diet, because ol significant
production of abdominal pas, nausea, and diarrhea.
Potato soup and biscuits were substituted in its place,
The femon drops hecame intolerable to one member
in the face of the laree amount of carbohydrates he

was COnsuming.

Pea soup produced pas that often resulted in
abdominal pain. We, therefore, recommend it not be
included in Skylab dicts. We generally had more
abdominal gas on the Skylab dict than on our normal
diets, and we all had significantly more abdominal gas
in the chamber than in a sca level atmosphere. We
adjusted somewhat 1o the ahdominal gas in that after
a few weeks in the chamber it scemed to pass easily,
but we all had significant gas throughout the test.

The dict produced stools that were soft and nol
well formed. This, of course, can be expected to add
lo what is already a difficult wasle management
problem.

Accounting required to keep track of the food
and water intakes was rather minimal since all these
matters were fairly well organized. Color coding and
bold markings on the food packages indicating the
day and the crewmember for whom the item was
intended were a help since they kept the items from
being mixed inadvertently.

One polvethylene glycol pill was required before
each meal for cach crewmember. These were stored in
cans in a cabinet in the wardroom, and it was very
difficult to determine if the proper number had heen
consumed. If the pills are required on Skylab, they
should be packaged so that the pills for any meal are
uniquely identifiable and located. Such a method as
placing the pills on a cacd with all the pills for a meal
together is highly recommended. Color coding should
be wusced to differentiate  mineral  pills and
polycthy lene glycol pills by type. The pills we took in

the greatest number were the polvethylene glyeol
pills. We recommended that these pills be deleted for
the Shylab mission considering their nuisance valne,

Fating utensils consisted of a small knife, fork,
and spoon that are magnetized to stay ou the Sky lab
tray, These were found to be toa ~small. We used the
Apolo Command Module spoon. This spoon s not
magnetized and hould e made =0 if it is to be used
in Shylab.

The reconstitution bags were opened with the
Skylab Knife. Tops were also removed from the
beverage conlainer with the koife. This was difficult
to do without an occasional Slip. and cach of u- <tuck
him=elf a hall dozen oF more times with the knife

over the course ol the test.

Utensils, trays, amd the food pt-(lvslal were satis-
factorily cleaned with a wet wipe.

Trash generated by the food was stored in the
food overcans and passed out through the airlock.
Many small pieces of trash were generated at cach
meal, including food can lids, the tops o beverage
containers, pill wrappings, ~alt pa(:kugn-.\, naphins, and
wel wipes, The trash receptacle was conveniently close
to only one person, and all the small trash had to be
passed to him for disposal. A small trash  bag
convenient to the other two crewmembers would
have saved much trash handling.

A Skylab “can crusher™ furnished by the Marshall
Spaee Flight Center was mounted on the second deck
of the chamber. This was to be used in flight to
compress food cans to reduce trash volume in the
event of a trash lock failure, We used the “ean
crusher” for one six-day menu cycle for disposing of
all food cans. The operational mode in which the
trash was to be handled in the event of a trash lock
failure was rather skelchy, so we made a few basic
assumptions and proceeded from there.

The assumptions were: (1) that all wet food trash
war (o be compressed as much as possible and placed
in the freezer to prevent spoilage. Wet trash was
anything that might spoil, such as beverages, frozen
items, thermostabilized items, and rehydratable bags:
and (2) that all dry food trash was to be compressed,
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but not mined with the wet trash. (o save overcans
for other trash such as tisses, wipes, lowels, ete.

Sinee Areezer space o SMEAT was limited,
normallyv wel and dry (ood trash were passed from
the chamber when an overcan was Tull, No attenpt
was tnade to store other teash iems in overcans,

Our mode of operation for “can crusher ™ wtiliza-

Don was:

I The pantey waste food arca was divided as
follows:
. One small overcan with innerliner for
stmall wet food vans.

b, One small overcan without innerliner for
beverage contamers,
oo e small overcan with innerliner Tor

small dry cans.

d.o One large overcan with mnechiner tor large

wel Tood cans,

oo One aree overcan without imeriner for
reconstitution food hags.
L One farge overcan with wnerliner for large

dny food cans.

2. Beverage contamers and reconstitution lags
were smph stolled into the appropriate
overcans which were capped when they were
full. These micht e frozen on Shatab: how-
ever. we nornallhy passed thenr from the
chamber.

3. Dy and wet, large and sinall cans were placed
in the appropriate overcans with the juner-
iners. so they coult be casily retrieved for
crushing, A tissue was placed in wet cans
when visible liquid was present. The necessity
for this was proved by a rather messy spill of
tomato juice,

1. The cans were crushied approximately once a
day doing first the dry cans and then the wet
ones. Fwo separate large and two  small
overcans were required to hold the appropri-
ate crushed cans until an overcan was lilled
and was passed from the chamiber. A rather
large mess usually resulted from erushing the
wet cans, and we osed a towel 1o cateh
droppings and to clean the crusher afterw ards.

A Tood utensif wet wipe was normath used to
complete cleaning,

It was speculated that it might not be

1

neeessary 1o freeze the wet trash. This was
mvestizated by keeping three overcans of wet
trash in the chamber. There was one beverage
overcan and one cach of small and large wet
overcans. These overcans were sealed tightly
using the overcan can opening tools,

The findings trom SMEAT exercising the Shy lab
can crusher are:

1. An additional period of approsunately 43 to
OO0 mnnntes was required caclt day o allow for
handbu the trash after meals and erushing
the cans.

2. The operational division of trash used worked
~atisfactorily .

3. Tissnes were requited to handle any existing
|i||uid e wet cans,

4. The mechanical action of the can crusher
worked satisfactorily.

d. There was wsally a good sized messon and
around the crusher alter crushing wet cans.
This was somewhat difficult 1o clean.

6. The food consumed during thi> six-day evele
came v IS darge overcans  and 31 small
overcans. This resulted 10 the Tollowing trash:
seven large wet overcans: one large dry
overcan. fifteen small wet overcans (two
cans/thirteen  beverage):  one anall dny
overcan,

Recommendations irom this exercise are:

I Have hnowledgeable prople examine the wet
tood trash overcans left in the chamber to

determine if this method of trash slow e
rather than freczing is satislactory for Shy lah,

e

Modify the “ean crusher™ to allow for vasier

cleaning. This should include the follow ing:

a. Make the four fasteners that hold the unit
to the base of the hand release-ty pe o
allow the top to be removed 1o getat the
NiC=sv arey beneath the plungc-rA

b. Cover the hole in the center of the base to
prevent Tood waste from escapmg below
the o,
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¢ Radius the witerior of the can d«-pr:-»inn»
in the base such that food particles can be

easily wiped out.

Clothing

The clothing supplied for the SMEAT test was the
same type as plauned Tor Skylab, but in our ty pes of
materials.  These  materials 426G, \i20,
Durette - 400, and polyhezamedizole (PBI). The pre-
sently planned material for Skylab is Durette 100, We
preferred the 126G material, but found all the material
acerptable and subjectively very similar.

were

The clothing war comfortable and adequate for
the SMEAT test. One crewmrember developed  a
problem  with {it because he lost alinost twenty
pounds during the test, During the test we noticed a
significant amount of lint in the chamber which
required frequent vacuummg. T'he malerial that was
vacuumed was passed out of the chamber for analysis
which showed most of the lint to be generated by
X420 cloth. The clothing was sturdy enough for the
test. Only one rip occurred in all the clothing items
that were wormn, The knees of one of the crewmem-
ber’s trousers ripped after the two weeks of wear.

The suggestions we have concern the selection of
clothing items more than the type or fit. We used the
jackets provided on only a few oceasions, and for the
SMEAT test four jackets were certainly too many.
Two of the crew used a clothing module with only
two sets of trousers which was inadequate for the
28-day period. Normally the trousers were worn until
a change, and then they were used for exercise until
the next change. With only two sets of tronsers for
28 days it meant the trousers were worn for two
weeks and were used as an exercise garment for two
more weeks, Two of the SMEAT crew never wore
undershirts during the test and those items were used
for cleaning rags. If any additional items can be
included in the clothing selection, we recommend
including additional socks and shorts.

The trousers have legs that are attached by
zippers and can be removed or put back on. We found
this to be a very desirable feature. It provided a great
deal of flexibility for hot eyeles in the chamber and
made the trousers hetter exercise garments,

2027

-

The modules are not Lalheled adeguately 1o enable
a crewmember 1o keep track of what fresh clothing
rematus. A cheekdist of some sort should be provided
on the module ~o the crewman can check off the

tters he has used and know what remains.

The shoes provided Tor SNIEAY required replace-
ment during the Lest sinee the soles scparated from
the shoes. The replacement shoes were better. by
the end of the test the soles on those shoes were also
separating from the shoes, These soles were ) & peeu-
tiar and are not applicable to the flight item.

Sleep Restraint

The Skylah sleep restraint was used during
SMEAT Iy the COR for the entire 36 iy =, Provi-
sions were made 1o allow for aravity by laying the
sleep restraint horizoutally on a bunk over a thin
mattress. This sleeping bag (ype arrangement was
comfortable, and having the material of the restraimt
next to the skin caused vo discomforl or irritation.
The Skylab linen changeout ey cle was used.

Temperature in the chamber was normally nain.
tained at 69°F. At this temperature, ouly the hottom
blanket was used and, with no other sheeping apparel,
this proved to be theemally quite comfortable. For
five days the temperature was elevated 0o 770F
cequiring removal of the hottom blanket, The sleep
restraint was versatile cnough 1o handle the thermal
excursions experienced in SMEAT and should be

adequate for Skylab,

The restraint straps were used for a period of
one weeh o evaluate them for comfort. No signifi-
cant problem was noted with these items. There is
some lype of stiff material sewn into these slraps on
one end which was positioned over the body when
the straps were snugged down. This caused some
minor discomfort. The straps should be readjusted to
position the ends off o one side, or the stilf material
should be cushioned.

The neck hole on the comfort restraint used 1o
enter and exit the unit was so small that it was
difficult to do so. This was especially so at the
beginning of a two-week eyele ona comfort restraint
belore the neckhole stretehed. We would recommend
evaluation of the size of the neck hole by one of the

larger Skylab erewmembers.
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Tool Kit

We did not have a Skylab tool kit. but we had @
hit made up with items Lo functionally  represent
most ol the Sk lab tools. In addition, we had a
~cphrate ol kit with tools necessany for chamber

pecubiar items.

We found the Cryotox lubncant to be very useful,
1 was used extensively on itenis that began to bind
during the test such as the food predestal water valves
and the SIB dovetail interface. We cach carried the
prochet Knives prn\idwl Ol our person. These were
used . hines cach day {or purposes as diverse as
opening lood cans with ring tailure to disassembling
the Skhylab Urine System, The tool kit seems well

11|llipp('|l.

There were times when a volt-olim meter would
have been handy o cheeh out possible cleetrical
problems such as isolation problems on the VCG and
a loading problem on the Skylab urine centrfuge.

We also had 1o have tubing passed in 10 mahe an
adapter for a spt'cial MITT test. \ selection of various
sized tubing would have proved usetul,

The mission could not have been completed
withoul tape provided in the hit. 11 should be assured
that Skylab has adequate quantities.

The “mechanical fingers” device was used as the
UVMS cleaning tool of choive.

Cameras

Flight type camera equipnnent was provided in
the chamber for documentation purposes, Thiz -
cuded a2 35 mm NIKON camera, a 16 mm data
acquisition camera (DAC), 1 10 {1 magazines. a pistol
grip handle for the 16 mm camera. and a photomelter.
The equipment worked well, and there were no
significant npc-ruli(mal problems.

The wire for the 16 mm DAL 28 volt power cable
entangled casily and was difficult to handle. This s
the same type of wire usedd on the ODAE tape
recorders where a similar problem was cncountered.
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On one oceasion & 10 mm magazine did not drive
and the filn tore at the drive holes. The magazine was
n-plun'd as per procedures,

Sproial care was required 1o insure the Tilm speed
mode was not acadently changed when using the
pistol grip handle. The wheel dial for the selection
moved casily, and the selection was inadvertently
changed several tmes.

The 16 mm camera had no field of view mdivca-
tion on the viewlinder, which produced some errors.

Logging ol the 35 mm camers photographs was
difficult. When the 35 min camera was used for
unanticipated  picture taking, for example of an
cquipmient problem. it was often not convenient to
obtain the log from the flight data file and make an
appropriate cutny. A log card attached to the camera
would be preferable.

Reports

The crew reported items in five basic way s during
the course ol the test. Mot tashs lent themselves to
one or two of these ty pes of reports and we found all
miethods naetul,

The first method of reporting was to simulate the
Skylab voice recording capability and speak into our
inteephone benes during the course of an experiment,
prefacing our call with “record.” An example of this
would be the call out of impedence, call girth, leg
band calibration mumbers, and other iems dunng an

MO92 .

The second type of recording was similar to the
first i that the Skylab voice record capability was
simulated, but m this report the items wese written in
a log over some period and then read at one time, An
1‘\1"]Ip|l' was the recording of environmental measure-
ments inoan MAST experiment where 58 measure-
ments might e tahen at various points in the
chamber and then all the values would be reported at

one time.

The third type of report was the daily report that
was prepared by one of the crewmembers and given
in a simulated Skylab voice record manner. Here,
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items that had been jotted down during the day were
collected together in g report along with items that
required reporting on a daily  basis, such as {ood
consumption and carbon dioxide measurements, We
found a chamber log very uselul for wrting items
down that we felt should Le included e the daily
report, and the log also served as a record of the daily
reports. This report normally required between ten to

twenly minutes delivery time.

The fourth type ol report was the weekly report.
This report was prepared during our oft day and wa-
a summary of the important items that had taken
place during the preceding week, Not onhy dud we
again relate some of the facts, but we placed the facts
in the context we believed appropriate, which was
not always done when an episode oceurred. The
prvpurulion ol this report gave us the opportunity to
discuss the week's activities between ourselves and
flag those items we believed to be important. Tt also
gave us a chanee (o discuss possible solutions o the
problems and relate them o the rest ol the test team.
This report was preparcd in cither wridten or outline
form and was delivered using the simulated Sky lab
voice record capability . The preparation of this report
typically required four hours of the crew’s time and
another hall hour for delivery. Although we believe
the report to be very important, it didd take awav a
significant part of our off-duty day. Perhaps some
other time should be set aside 1o allow the crew to
review the week s activities,

The last method of reporting was direct contact
with the Capsule Communicator (CAPCOM). This
was used mainly to discuss immediate problems. We
found that direct contact with the CAPCOM was at
times difficult in the simulated Skylab communica-
tions environment since the Shylab will only be in
contact with the ground a small part of the time. It
generally was maore effective Lo use simulated tele-
printer and voice record rather than to try to copy
and answer questions in real time. When dizeussion of
complicated procedures or problems was required, it
was more effective if a teleprinter message with the
facts had preceded the discussion.

During the course of the test we implemented a
procedure whereby  the CAPCOM advised the crew
when there was simulated radio contact. This was

)

convenient sines we did not have o heep @ schedube

of the station contacls,

Information  passage was @ najor operational
problem encountered in the teat. Often the imforma:
tion we thought we had passed out was nol that
which was received by the appropriate idividuals.
For example, we tried a odified Skyvlalb vacuum
cleaner brush and found that with 1t the vacuum was
marginally satisfactory . Thi= was veported as being
very salislactory which changed the intent ol the
statement. T appeared that in the passage ol informa-
tion, items were sometimes changed and the entire
sense of the transmission was being altered. Fortu-
nately nothing that happened in the chamber was
irrevocable, However, consideration should be given
to streamlining Skylab communications channels us

much as possibile to oplimize data retum.,

Undess they oceurred during an expeniment or
during a ~cheduled period, most voice recording were

‘lost” one way or another.

The reporting procedures we devised were our
way of trying o have people accurately understand

what we were lr)‘ing to convey.

An obvious problem was having several echelons
of individuals relaying information with which they
were unfamiliar. Frequenthy, oo, individuals with
litthe or no expertise attempted o resohve techuical
problems. These individuals could provide little assist-
ance beyond “did you read the check list”” or the
“the /L says.” Shylab axtronauts should have the
most dircet link possible Lo the most knowledgeable
person available with the minimum number of official
interpreters.

Flight Data File

The flight data file was an invaluable part of the
chamber equipment. The period of time that elapsed
between the conduct of training and test startup, and
the short period allotted to SMEAT training necessi-
tated thal we rely heavily on the flight data file to
accomplish tasks. The preparation of the flight data
file proved to he a rather difficult taskh since the
chamber was wot ready for erew training until just
before the test. This often meant the training session
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wis also the procedures development wssion, and
otten occurred after the procedures should have been

formdated.

Pring the test the flight data file was apdated
both verbally and via teleprinter messagze, We found
that new procedures were muoch inore conveniently
passed via a simulated teleprintes message. Many
other items were also passed viaa ~inndated tehe-
printer messageand this improved  operations Iy
insuring the crew got messages accurately . by saving
crew time i copying messages. and by not requiring
the crew Lo interrapt ~ome experiment during the
available station passages.

An item that was not part ol the SMEAT flight
data file, and which was labricated by the erew
during the test, was a record book of medical
information ax passed o us via simulated teleprinter
messages. This would have been o hetter record had @
been started before the test becanse the medical
expeniments begin i a baseline period. The informa-
tion we collected was that top level medical data
which would give us information a- 1o important
trends during the test.

The fact that we put together various books
within the chamber indicates that 1lexibility <hould
be provided in the flight data tile Tor long duration
test or Ihghts. We  found hat our day -to-day
activities were more fthe those m an office than an
aircraft. We needed additional dividers for our books,
binding rings, files, and scoteh tape. Paper clipsand a
staple: machine would have been useful, Most of this
cquipment was osed hecause procedures and informa-
tion passed to us was not the type of thing one
should throw away. \s an example, for the MIT1
experiment we perlonmed seven special procedures at
vartous times during the test. One of these procedures
was perlormied at least four times and we wanted Lo
keep the procedure Tor Tuture reference,

The chamber log, a looseleal book with metal
cover, was used most U had sections for Jogging of
chamber parameters on g regular basis. as well as all
day -to-day incidents and fatlures.

The record books and their covers held up
adequately during the 50 days except for the rings in
the books, which tended to open. We had various
clipboards and holders 1o hold the books and logs

during cxperinents. These were adequate, and certan
ones were preferable for specifie applications. A
bulletin: board was used at a comvenient place i the
center of the chamber o post various items ol
contimuing interest, This included the daily fhight
plan, comnumications plan, transfer lock sehedube,
and other sinndar ttems.

The preparation of reports in the chamber was a
bit more ditficult: because there was no place 1o
convemently refer oo and voice record, from up to
six books, This typically would oceur at the evening
ceport when recordings were made from the individu-
al food logs. the specimen mass measurement log, the
chamber log, the experiments log. and the debricfing

guide,

Timeline and Mission Planning

The crew day was planned to be as close o the
Shavlab plan as possible. One varialion was that we
began our dav at 7 a.m. Houston tiine, instead of the
planned O am. Houston time for Skylab, for the
convenience of the operations team. Our day hegan
with a period of personal hygiene and experiments
that were reguired before breakfast. These included
items auch as blood drawings, crew microbial sam-
pling=. and  crew oral samples when they  were
scheduled. This period varied (rom approximateh
30 minntes 1o an hour, depending on how many of
these experiments were scheduled, Immediately fol-
lowing this. we prepared and ate breahfast, The time
for preparation, consuming the meal, cleaning up. and
making initial preparations for the nextmeal ayeraged
about W minntes. All of the crew participated
these activities and generally as moch preparation was
accomplished for the next meal as conveniently could
be done. This time  and  procedure was cloxeh
followed for the remainder of meals of the day .

Following breakfast, two of the crewmembers
accomplished tash= a> outlined in the timeline, and
the third crewmember normally was assigned sy=tem
and househeeping duties followed by a television
safety scan ol the chamber. On a major medical day
the MOY2 experiment was begun by the CDR and
SPT approximately two hours after breakfast. This
tash and the MI7E experiment required  approxi-
mately two hour and fifteen minutes of time and
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oceupied them until lunch. The LT was scheduled
for other activities during this time, which typically
conld be a class via closed cireuit television in Russtan
or it the Shylab command module. The PLT ate an
carly lunch on days when MI71 was scheduled so
that he would meet the constraints placed by the
experiment conceming cating andd doing the MOU2 ex-
pvrinu-nl.

Following lunch the PLT and ST each served as
both subject and observer for the MOY2/MITL series
of experinents. These Lwo experiments took appnnL
matehy Dive hours to complete and ran until dinner.
During the period when the PLT and SPE were
involyed with the MO MITT series ol experiments,
the CDIRU was scheduled for activities such as a
language vourse, command module vourse, pantry
restocking or any number of other items. e was the
one ~cheduled for system, houscheeping, and TV
<afely monitonng duties since the P11 and SPT were

otherwise uu'upic-d.

Dinner was done in the same manner as hreaklast
and laneh and ook about A0 minutes o complete.
After dinner the chamber was cleaned up for the
evening, the daily report was prepared. and the TV
safely  scan was aceomplished. These tashe ook
appm\imuh-ly one hour 1o complete, but if the next
day s activilies were rmnpli('alv(l or unusual, they ran
into a longer period of ume.

The last item of the day wa=a rest and refaxation
prriod. During this pt-rind we used the television, the
oft-duty  activities cquipment, the phone, and the
supplementary activilies for their rest and relaxation.

The activities Tor other than a major medical
experiments day consisted of SMEAT experiments
and supplementary activities, These were sheduled
by the timeline. as were any other tasks.

The planning eyele for a day was begun the
morning hefore the day s activilics commenced. The
prmni»inn plan srved as a basis for this plan, but
ems were often changed o fit the situation. We
were nformed of proposed major changes al 2
convenient mulated station pass near ! pom. and
commenls were rc-quv.-lml. The plan was then lurther
refined. and a dmulated  tefeprinter message was

pu»ml to us during dinner. After dinnes this plan
cerved as the basis for the |n|znn|in<_-_ (or the Tollowing
day. It any changes were required. they were 'm,-.wcl
lo us via o amualated teleprinter message in the

morimnye.

The timeline was 1'1)m|um-d of activities that were
in convenient i bocks and, although there were
significant conslraints, these activities could b ar-
canged in many way= lo il the dey. This capabilily
meant that cach day normally wis completely filled
with activity and there was no anscheduled time from
Tam. to ;Iplll’l\\illl;ll"l_\ O p.m. This method ol
timeline generation worked well and we had conlbi-

denee i the timeline that we wsed cach day.

On the hasis of in-chamber experienee same
changes weee made i the pretest achedithes, Vor
v\ampll-, puslv\rr«im- wa= the proper time tor per-
sonal hygiene. By and large. the prechamber ~ched-
ules were maintained with some notable exeeptions,
<uch as the INMSS microbiolog experiment which was

always late.

We had only a small number of expernimenis o
perform, as compard 1o Shylab crewmembers, yet
found ourselves extremely husy . We leel Shy lab will

he working a very crowded timeline,

Oue day cach week was scheduled asan off-duty
day, usually Saturday or Sunday, but not necessarily
because of  test requirements, One of the major
unscheduled  items on the off-duty  day wa- the
preparation of a weekly report. The flight data file
<cction discussed this Tully .

Data

Since data gathering was involved in both primary
and sccondary objectives ol this test we frel com-
ments in this areaare pertinent. Because ol il
umportance and because of the nature of this test, we
tried to involve ourselves in the data loop more than
an actual flight crew has time for. We felt such
involvement would improve the dala since we were
the subjeets and directly involved in it gathering.
Also by such involvement  we could improve is
timelines and help determine the kinds of items that
should be available to the Skylab crews.
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The maost disturhing aspect of the data collection
and dissemination was he dapparent attitude  that
(1) data were Just another part ot the test 1o be
eventuathy socted out, and (2) data were only the
business of the Iy estigators,

Several Lactors should he recogmized. Loss of data
= tantamount to loss of the test. Data which are
delaved or allowed 10 pile up are trequently lost
lhruugh SOHN BNbor dvﬁ(‘ivm‘_\ which could have
been discovered by timely analy ~is. The individuals
penerating and collecting data, especialiv it they are
the subjects, have 4 primany responsibility for the
ultimate \ulillil) of the data, OF necessiy they mus
be an mtearal part of the team.

The attitde conveved (o us by ~everal of he
Cxperinenters was that we should not he concerned
about the data, and that we wiere in!rrlrriu;_r when we
showed an interest in data codlection ar validity
Mun) of our ctlorts (o correet o!ninu»l) CIEONCOUS
data were frusteating, but. in severyl instances, were

suceesslnl.,

In general, no data in the pretest period wege
made amailable 1o s until st prior to starting the
test. For Skylab. certain data should v made
avalable on g periodic hasis prethight to climinate
possible ceror sources i data collection and 1o
provide background information tor conducting ex-

periinents m orbit.

The MOTO aeries data dealive with mtahe and
output should be available to (he crews hoth pre- and
po~ttheht 1o miimize crror e daty vollection, Phis
should he done on a daily basi- it possible. \
capabiity for vapid data reduction and dissemination
1 going to he necessary Ao handle the betw een flight
periods when atot of data is brought back from thehi
and data are being collected on g postihsht crew ga
well as g prime and backup erew for e next fhght,
The system apprared 1o be saturated witl, the one

SAMEAT ¢rew.

The major medical experiment data on M092 and
MIT1should be available during the tramig  and
baseline data-gathering wssions 1o aid in the training.
We recommend having selected preflight data pub-
lished as part of the flight «lata file for cach {light

giving the observers a reference and allowing them o
do a better job, Selected data should also be fed back
o the crem on these experiments during flight via the
wleprinter, This shoukld oceur prior to repeating the
experiment i at 4l possible. This calls Tor a rapid
data reduction and dissemination vapabifity Initially
during SMEAT this was not possible. but by the end
ol the test this capability  was being exercised in g
reasonable tim. I manner,

Exercise

A= on previons HISSIONS, e xere]se programs were
the vesponsibility of the ndividual. This is a reason.
able approach since it would be unwise to change g
crewmember's evercise activities shortly  before a
mission. However, the tvpe and amounts of e xercise
normally performed by the crew should be documien-
ted and understood. This was not done for SMEAT.

We miintained a more or less regular exercise
program for the six months prior to the test. The
COR run two miles per day about six day ~ per week,
The ST ran an average of twenty miles per week
averaging about seven and one-half minute ilex, used
a bicycle ergometer with soms altermation of running
with workouts on the biey ele ergometer and lifed
weighits, The PLT ran approximately one and one-half
miles per day four times per o week and used the
bicvele ercometer after cach ran for approximately
L300 watt minuges,

This exervise protocol was fairly consistent until
the three weeks preceding the test, when the press of
events was gecat. and the SPT and PLT curtailed their

exerce sipnificantly .

Prior to the teet wee suggested that, in addition to
the bicvele ergometer. ome measurements of the
crew’s physical capability be recorded. We attempted

to make some very simple and crude measurements of

muscle capability: and recorded a few gross anthro-
pometric measurements. These were thee onlv at-
tempts at nl«n'mm-nling this area.

The erews exervise is olw iously an important part
of their physical mamtenance, but as far as we know
none of the experiments has considered CXOrcise
except as it may apph 10 the metabolie activify
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experiment, MI71 (using l)icy(:lt' 1‘rgnnwlry). One of
the consequences of not following the crew s pretest
exercise was that the CDR showed a large Lraining
effect during the pretest ‘N'I‘i()d, and his assgned
levels on the bieycle ergometer were much Jess than
the desired 23, 50, and 75 pereent ol maximum,

Shortly before the test began, il was requested
that during the test we rec sed the daily exvereise we
pvrl'nrnu-tl. AL this time, an CRETCISEe pmlm'ol for the
test was also suggested. This consisted of using the
vrgunwh‘r heart rate mode and muinluining a heart
rate of over 130 beats per minute for at jeast ten
minutes per period. This was to be aceomplizhed
three times per week, The “heart rate” mode did not
work and we found a great deal more exereise was
required.

At the beginning of the chamber residence period.
the CDR and PLT began the exercise test at low levels
of exercise, but quichly inereased their daily exercise
to between 5,000 and 0,000 watt minules per day.
The SPT exercised on the bicycle ergometer at a rate
he believed would maintain his pretest cardiovasculur
15.000 watt

minutes ol exercise, This amount of eXCTCise Sur-

condition. This normally  was about
priscd many of the concerned individuals on the
SMEAT team but was very consistent with the SPTs
pretest exereise program. The fact that this CXCTCISE
was sulficient only 1o maintain his cardiovascular

condition i confirmed by the absence ol any

conditioning effects from excreise.

The exercise program used by us was deprendent
on. and restricted by, the bicycle ergometer. The
carly lailure of the ergometer qui('kly Showed how
dependent we were on this device. Alter this failure a
tunit of 150 watts was placod on it, which restricted
exercise by all of us. Another commercially available
purely mechanical ergometer was passed m and this
exclusively was used by the SPT and frequently by
the PLT because the Skylab ergometer was restricted
to the low loads.

{uw addition to the normal Skylab crgometer
pedaling mode the ergometer anm mode was used by
the SPT near the end of the test because of upper
limb deconditioning. fle found this mode rather
unpleasant and ver time-consumiyz. The arm work-
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loads are not sufficient o vause any upprwiahlv
cardiovascular conditioning. Thix. however, subject:
nely uplwarul to help the Tunction ol the arms but
did not affeet Shoulder muscles.

The Exer-Gym was used by 0= when the ergometer
was wnavailable, We Found itz use to be restricted
because there was no way 1o attach 1 Lo any thing.
Normally we found it most uselful a- a ~ub=titute for
lilling weights and not effectnve for cardhioyascular

conditioning.

The exercise routine within the chamber rt'qnirrtl
about one hour and filteen minates For the CHR and
P, This included a setup time tor the crgomeler.
the actual excrene |n-rind which wis nornnally 30 1o
) minutes i duration, the return of the croeomeler
o 1ts nonuse state, and a period of pn-rmnul hy giene.
The time reqguired for the SPT (o exercise was longer.

up to two hours.

Postlest, Ho exerei=e pieasurcnients weee made
exeept for the few  erude medatnremenls  we did
ourselves and those coneerned with bicyele crgometry
for MITL.

Shortly after the test ended we went back o our
previous CXEPCIM PrOErams and Tound a reduction in
pc-rl'ormunm- from our pretest jevels. As an example,
the SPT suffered u[)[nr()xivl\al«'|) 5 mifkg drop
maximum oxygen uplake, in spite of fosimg some
1.8 kg of fat which should have prmlucvd a Tavorable
inerease i oxygen uptake pes kilogram. This loss n
fal was pruhuh‘y more than offset by the 2.4 Ky loss

of lean mass,

The upper body strength of alt crewmen suflered
no real deerement, exeept in the case of e ST
where there was @ loss in shoulder girdlv/pc-rlurul
strength in spite of the fairly vizoroususe ol the arm

mode of the ergometer.

Supplementary Activities

The Skylah medical experiments and the SMEAT-
peculiar expeniments  were not cnough o oceupy
cach day in the chamber. 11 was desired to have
enough «heduleable activities to fill a Skylab time-
line and to prevent boredom. The chowe ol activities
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to fill these aps were el to the melividual crewmen.
Vetivitios seleeted mcloded:

Russtan conrse
Command Maodul CONrse
\slrnd) AHNES Cotpse
Solar phy stes course
Electramies conrse
\lt‘(“l';j' r«‘N'uh"I

Model Imilcling

Connereigl pilot license study

Some of the courws were taaght by an instruetor
via closed circnit television. This proved to he ven
cllective. The Rusian course, in particular, wa.
interesting and denmanding,

The .~upp|«-nu-nlur} activities  welected  did an
excellent job of utilizing the time in the chamber. Ay
oo time did we haye an opporinity (o feel bored
from a luch of things to do. In fact the OppOsite was
the case. Often we were so busy we did ot have

cnough te o spend on certain things.

Considering  that SMEAT exercised principally
Shylab medical experiments and that Shylab crews
will have these 1o pecform. plus the Apollo teleseopic
mount. the carth resources experiments, and many
others we believe there s o teed to be concerned
about Shylab erew s becoming bored over 36 day-~.

Off-Duty Activity Equipment

\ full st uf.’*k}l;llp()H‘-l)ul_\ \etivity Fquipment
(ODAE). with the exeeplion: of  binoculars,  was
provided i SVIEAT Phe cquipment worked well g
was salisfacton as a source of diversion during our
olf-duty tiose. 1t Should be noted that we also had
tems other than those i the ODAE, wueh s
tebevision  and additional books. 1o oveupy  our
of l-duty hours,

The primary items that we ysed were the books
and the tapes and tape players. One li\('r-(l)m was
used, but for only a short time sinee . with only
straps, the Exer-Gym is very limited in the modes of
exercise accommaodated.

Reading occupicd much oft-duty time. The num-
ber of books was reasonable, and we had no problems
usiny the lireproot hook coyers, A pieee of Vilero on
the covers might he a handy item nflight.

Our hook selection Process was somewhat confus
g, First, we went 1o bookstores, swelected titles, and
broueght the titles back to the prople responsible for
the ODAE for ordering, They | in turn, had difficulty
obtaining the same hooks, We recommend flight
crews be allowed to purchase hooka dirt'(‘ll_\‘,

There was a similar problem in selecting the tapes,
There wers hasically  three types i the chamber,
SO were lovally recorded with no modilications,
Others, referred (o ae SMEAT lapes, were locally
recorded and had been done in 4 special manner to
~ound better when Played at 5 paia. The third group
was made up ol comumereial tapes purchased off the
shelf, Many ol the lm'u“_\' recorded tapes  were
distorted and 5 It seemed o inerease this distortion.
The concensis wis that the commercial Lapes were
the best, We recommend using connnerical tapes and
allowing the Shalab flight crens (o purchase their
TN (lirt't'll)‘ > recommended Tor the hooks,

Our tapes had been labeled with the Ccrewman s
name and not with the selection on the tape, The
Flight Data Fily- persomel generated s ewe eard to
allow us to determine what was on eaely tape. This
Wasavery conlusing system. We recommendd labeling
tapes according o the selections they contain, We aee
no need todifferenti e them by crewimen,

The wire used on the recorder headsets and the
power cord tangles badly . The same wire i~ used for
the 16 mm darg acquisition camera and has the e
problemn,.

One recorder had o vhannel failure ang another
did not hold the  batteries properly o maintain
contact at all times. We had one pretest episode of
tape being wrapped around g recorder head. but this
was nobrepeated durig the test,

The stereo speahers on the ODAE door worhed
well at 5 psia but were 100 close together for any

stereo offeet,
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Training

SMEAT crew training formally began in Novem-
ber 1971, Actual crew participation extended back to
July 1971, with involvement in test equipment
design. Coneentrated training began March 1972,
With the exception of the major medical experiments
training, training on syslems and cxperiments was
generally limited 1o a bricfing on the subject and one
walkthrough i the chamber. Where possible, we
combined baseline data gathering with training.

Sinee our training hardware was abo the hardware
used in SMEAT. we were quite often restricted on
access due 1o availability . Henee, most of the training
was crammed into a four-week period just prior (o
test start. This period was actually much too busy.
Twelve-hour days with six-and seven-day weeks were
normal.

A total of 412 training hours had been planned,
and we cach exceeded 500 hours. This, of course,
only includes the formal training. Many hours that
were not documented were spent in design meetings
and extra study.

Health Stabilization Program

There was considerable debate prior to SMEAT
on what type of Crew llealth Stabilization Program
shonld be imposed. Reasons proposed for isolation of
the crew included:

I Protection of the erew from infection pror to

the test,

2 Protection ol the crew alter the test when a
lowered resistance might be postulated.
3. Simplification of erew feeding and sample

collection.

The original proposals called for semigquarantine
in the Lunar Receiving Laboratory building for a
21-day period before the test and 18 days after the
test.

[t was our opinion that these early proposals were
not adequately  consistent to warrant their imple-

mentation. Many of our normal working relation-
ships, ax well as our family relationships, would have
heen altered, and yet it appeared o s that the
proposed new environment was no nore healthful.
For example, no health screening of isolation support
pr-mnmul wis planned, nor was i plamu-(l to decon-
taminate our sleeping rooms which had been used as
bacteriology offices for some years. There was direct
atmospheric connection to several large labs conlain-
ing a number of infectious agents in high concentra:
tion. When the pmpmah were more closely exam-
med, a combination ol factors such as facilities,
personnel, money, and common sense caused the plan
to be significantly changed. The final program was
hasically left to the erew o implement and consisted

of having the crew avoid crowds, strangers. and

anyone who was il

It is our opinion that, if a simple procedure of
avoiding illness is abandoned in favor ol positive
control for health stabilization, symificant restrictions
and inconvenicnces are placed on the crew. Tojustily
this complication, the procedure must be capable of
consistently avoiding possible illness exposure.,

We recommend the Skylab crews be allowedl the
same {reedom of access Lo required places on the
Johnson Space Center complex so they may accom-
plish their  flight preparations. flowever,  we do
recommend that certain areas be reserved exclusively
for Skylab crews. This would include the Skylab food

preparation and eating areas.

Conclusions and Recommendations

This scclion itemizes our conclusions and re-
commendations on the subject discussed in the
body ol  this Al recommendations  are
based on the conclusions; however, a recommenda-

vach

report.

tion does not neeessarily  accompany

conclusion.

The conclusions presented here represent our
opinion based on our expericnces pre- and post-

test, as well as during the test,
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b recommendation & made based on our

knowledoe  of the  status of  Skylab as of  this
writing. . We realize that it is dilficnlt 1o incorpor-
ate chauges at this time, but consideration should

be given 1o the recommendations to enhance the

chances of a successtul Shylah mission.

Lower Body Negative Pressure (M0Y2)

Conclusions

0.

I{('('
l.

The LBNPD irix plate SMEAT modification
to radius the internal edue climinated  the
abdlomen pain we experienced prior (o its
incorporation.

The koer restraint strap i~ inadequate 10
hold the leas and causes some discomfort.
The  SMEAT  blood  pressure measuring
sy=lem was  maccurate cnough 10 be un-
sbisfactory  Tor  momtoring a4 crewman's
well-being while o the EBNPD,

The heart rate display on the ESS would
hang up cansing it to be unsatisfactony for
momtoring the well-being of a crewman in
the LBNDPL.

The EAMS worked well when used with
the mosite wedges and electrode sponges to
m=nre good  electrical contact on the
reference adapler.

There were oo may procedural voiee calls
cequired i the performance ol this experi-
went lor data reduction PuUrposes,

The shock solation system dild not work.

ommendations

The flight LBNPD iris plate should  be
radiused  in the  same  manner  as  the
SMEAT unit to eliminate the sharp edge.
Improve the knee restraint strap o msure
it will hold the legs and not be uncomfort-
able.

Investigate  the large errors m the blood
pressure measuring system to determine the
cause and correction required for flight.

"A number of changes suggested hercin have served as a
basis for cquipment redesign and refinement in Skylab.

o bovestigate the FSS heart rate display hang-
up 1o determine  cause and correction re-
quired for (hght.

5. Incorporate the  mosile wedges and elee-
trode sponges or similar cquipment into the
flight LVNIS,

6. Muke the required ground software changes
required to insure adequate data reduction
capability  without special voice recordings
l)_\ the crew.

The shock solation svatem should be made
to work properly, or the procedures in-
volved with it should be eliminated.

Vectorcardiogram (M093)

Conelusions

L. Stomaseal tapes from particular fots caused
a marked degree of ieritation,

20 The final VGG harness configuration which
was personalh sized and had shallow elec-
trode cups worhed satislactorily .

3. The VOGO harness connectors have a bind-
ing probem,

L Some  electrode sponges are too dn Lo
work atistactorily .

Recommendations

I, Skvlab  crens should test stomaseal tapes
from the flight fot 1o determine o there is
any problem with arritation,

20 The Skvlab VCG harness should  include
the SMEAT maodification of shallow elec-
trode cups and a personalized (it

3. Determine the cause of the VCG connector
binding problem and correet it

Lo Action should be taken to insure an ade-
quate amount of eleetroh v ix contained in
the flight ~ponges.

Hematology Program (M110 Series)

Conchusions

I. There were  some problems in drawing
blood from wiperficial veins because they
appeared 1o be subject to spasm.

2. The needle/syringe interface leaked air due
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to a poor il

ft was necessary o foree the last few
milliliters  of  bood imo  the ASP which
produced spills and might harm some ol
the cells.

The centrifuge cover was casily misaligned,
and the unit vibrated excessively even when
it was aligned.

Recommendations

[ 3™

Crewmen  should draw  blood  from  the
deeper (antecubital) vens.

Insure a proper it ol needle and svringes
to rliminate any leaks.

[avestigate  the need 1o force blood into
the ASP to determine the cause and correc-
tions required for fight.

Provide a means of easily  centering the
centrifuge cover, and take other steps re-
quired to minimize vibration.

Specimen Mass Measurement (M074)

Conclusions

A container was required for food residue
measurements, and  the mylar bags used
during the test were satisfactory if - a
closing method is provided.

The initial elastomer sheet tore loose from

its hold-down strip.

The temperature measurement is inaccurate.
The SNIMD appears Lo be workable to the
point of providing adequate residue data,
although possibly not the two pereent spec-
ification. Fecal data had typically less than
one percenl error.

Recommendations

A quantity of mylar bags with a malleable
metal clip should be provided lor food
residue measurements on Skylab.

The flight clastomer sheet hold-down should
be modified to eliminate the tearing problem.

An altermate means of measuring the tem-
perature should be devised.
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Metabolic Activity (M171)

Conclusions

o

0.

~3

8.

10.

12.

measured  a

The MITH

part of the crew’s capability to do work,

experiment  only

and did not document many areas ol possi-

ble changes in the body.

From the erew’s standpoint no metabolie
analyzer  ever demonstrated  the  capability
o give consistent. believable data, at 5 psia
on human test subjeets,

Sinee the metabolic analyzer did not work,
tlight procedures, crew  traning, and data
handling procedures could not be consul-
ered 1o have been exercised by the chan-
ber test,

The failures  experienced by the bievele
ercometer wonld have made il incapable of
supporting MIT1L and any  erew  exervise
program.

A reasonable  crew  exercise program re-
quires a functional hicyele crgometer with
no use restrictions,

The harness worked  adeguately with the
exception that the cone separated, and thix
would have made the hurness useless,

The haress requires a place to dry.

The heart rate mode was not operational
during the chamber Lest.

The carpicce  often gives incorrect  heart
rates and can be adjusted only A one
knows the correct rale.

The data collected pre-. during, and post-
test using the Douglas bags appears to be
the only reasonable data from the test.

The oral thermometer s slow  to respond.
Oral temperatures tend o be low  and
variable after prolonged mouth breathing.

Recommendations

Consideration should be given to measuring
item~ which may show changes in strength,
endurance, and size of the body pre- and
postmission.
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2. Fin the metabolic analyzer and thoroughly
test it under mission conditions,

3. Insure the bievele ergometer sill support a
VIZOPOUS CRCW CONCRCIsE program.

Lo Provade places for harnesses o dry.

5.0 Delete using the heart cate mode, and
subslitute an exercise protocol using the set
work mode.

6. Develop an accurate carpicee thennometer

or delete measurements after metabolic ana-

b zer mvasurcments,

Time and Motion (M151)

Conclusions
. Crew concern over being within the field
of view of the camera tended o inhibit

the natural movements in accomphlishing 4
ta~h.

2. There coudd not be am coverage of food
restdue mass measurcment since there nor-
mally was no food residue.

3. The erew had httle imvolvement with the
experinient, henee complications were mini-
mal.

Recommendations

L. Establish camera positions and lens such
that the ¢rew need wot be concerned re-
garding their position.

2. The experiment should  cover an event
other than food residue mass measurement.

Sleep Monitoring (M133)

Conclustons

. Two of the crew experienced reactions (o
the 133 experiment that appeared to be
caused by the clectrode paste.

te

The  electrodes uwsed in the chamber had

more clectrolvte than those used pre- and

posttest.

3. The electrode paste was difficult to clean
from one’s hair in the chamber.

1. The PBl caps were just as comfortable as

the Spandex material.
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5. 10 s casy 1o improperly install the M133
tape.

Recommendations

1. The Skylab crewmembers should be tested
with the MI33 experiment to determine if
there i amy allergic reaction.

2. The minimum amount of paste should be
placed m the clectrodes.

3. FThe MI33 experiment should be scheduled

the night before a shower if possible.

4. A procedure should be developed 1o insure

the propee installation of the MA33 tapes.

Fxperiments Peculiar to SMEAT

Environmental Noise

Conclusion

. This test ran smoothly with only  minor
equipment problems.

Crew Microbiology

Conclusion

I. The experiment ran smoothly with the ex-
ception of collecting fecal samples within
the constraints of  processing  times  and
overtime restrictions,

Recommendation

1. Schedule  sample  collections at a  time
which will allow ~ome variation in delivery.,

Chamber Microbiology

Conclusions

1. The test ran smoothly.
2. The horizontal strips located in the  air
returns on the floors were not representa-

tive ol the chamber environment.

Recommendation

I. Don’t consider the data from the horizon-
tal strip as being representative  of  the
chamber environment.
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Inflight Medical Support System (IMSS)

Conclusions

6.

The and kits  are

probably adequate, but some ilems such as

diagnostic therapeatic
the Politzer bag and tongue depressor are
useless and should be eliminated. There was
an inadequate opportunity Lo make use of
the surgical items and some other items;
however, it is felt that the INSS training
the
heroic procedures. The drug kit was not

should  stress ordinary and not  the

exercised . however, again it is the
that
and <uech items as an effective emollient for

really
small evervday items will find usage
lip chapping and the like should be consid-

ered.

Fhe IMSS resupphy kit was frustrating be-
cause ol the ditficalty in identitying item
and the difficulty in

locations obtaining

itens.

Although it was possible to wse the micro-
biological wchniques, the procedures were
found 0 be extremely frustrating and time-
consuming and the icroscope is still felt
to be inadequate. Tt probably will be possi-
ble 1o do a white Dlood differential, but
further work 1= needed 1o this arca.

SMEAT  purposely  proceeded with inade-
quately  developed IVISS proc«'dur(:s. espe-
in microbiology due to the carly
the
fragmented and extremely hard to inlegrate

cially
time  of test. These  procedures  are
and even harder to put into any sort of
reasonable practice.

The time allowed lor the microbiology pro-
cedures is inadequate and may be more
error in the absence of gravity.

There  are  problems of gas leakage and
evolution in the stainer.

It i difficult to properly smear and dry

blood smears. This problem may be ascoci-
ated with reduced atmospheric pressures.

Recommendations

Elininate the Politzer bag and replace the
metal tongue  depressor with standard  dis-

0.
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posable units. Review the surgical Kt i
view ol training received and  proficiency
attained  with view of possible elimination
of such items as mtracardiac needles, Stress
procedures that - are likely o be required
such as manual Mood pressure readings and

heart rate during vxereise,

The IMSS resupply  container rach should

e reworked for casy  removal. Only o the

racks should e stowed i the chiller.

It possible, replace  the microscope with
one with adequate optics and lighting. P'ro-
vide a mechanical stage.

hetter

mntegrate the many bits and procedures in

Some  effort should be made  to
operations to allow something more realis-
tic in lerms of traiming and timeline,

A hard look should be taken at the value to he
obtained from some of the more detailed
aspeets of the microbiological - provedures.
Then a decision should be made whether it
is worth the elfort o heep these in the
program s (rnmpur:-«l to the amount of
training that will be required as well as the
time in orbit should it be wsed. We would
strongly  recommend  against  using  these
microbiology procedures on any but actual

illness events.

The

3 psia especially as o the aleohol reapents

stainer  should  be examined  under
and a fix attempted on the vapor produc-

ton and other gas leakage,

The blood smear fixture should be included
and Wright staining procedures should also
be further examined under D psia.

Operational Bioinstrumentation System (0BS)

Conclusions

I.

The OBS experienced a couple of failures
and the total number net
adequate for us to make a conclusion on

of uses was
its adequacy.

We tried an electrode “knurdle™ as well as
the and prefer  the

SpOﬂgl‘S.

('I(‘L‘ll‘()d(‘ spnngc's
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3 We used the OBS belt and prefer it over

the CWG,

Recommendation
1. Include an OBS helt on Shalab.

Habitability
Conclusions
I, The SMEAT chamber was adequate for a
S0-day habitation,
2. The 5 psia atmosphere had an alimost insig-
nificant effect on our daily activities,
4. The temperature was most comfortable at

=0y

Oy
091 and acceptable at 73
o The habitability  measurement  instruments
were useful but prohably not optimunm.

b, The  habitability  questions  varied  from
thought provoking to tedious with the mul-
uple choice appearing the least desirable.

Recommendations

. Eliminate most of the tabular type habit-
abitity questions,

2. baerease reliability  of temperature mea-
suring equipment.

Aerosol Analysis (T003)

Conclusions

Lo The TOO3 instrument was simple and casy
to us but at times display ed questionable
data.

There was some confusion ax to what to

I<

do if a reading was not recorded,

Reconmmendations
Lo possible, devise a way o grosshy check
the TOO3 instrument in {light.

2. Deline what to do il a reading s not
recorded.

Chamber Systems and Equipment

Chamber Systems
Conclusion

L. The Chamber Systems worked well with
only minor problems indicating that the

work by the individuals  concerned  was
worthwhile.

Personal and Hygiene

Conelusions

8.

9.

I

-

The shower is very desirable, but the water
quantities are minimal.

Shampoo could not be used with the show-
or.

Al materials tested  for washeloths  and
towek were satisfactory, but "Bl and  the
Shylab materials were the best. The quanti-
ty of washeloths and towels was shghth
excessive, but they  were also useful for
cleaning the chamber,

Personal - Ingiene kits contained  unused
items and an inadequate amount of others.
It is desirable 0 have a rather thorough
washup alter exercise.

The wipes were not adequate for cleaning.
An excessive amount of lint and debris was
generated in the chamber, X420 material
was the biggest offender.

The Skylab vacuum cleaner was minimally
satisfactory in picking up debris with the
Apollo-type  brush. It was  unsatisfactory
with the Skylab brush. It would not pull
liquid into the collection bag, but allowed
it 1o collect in the hose convolutes,

Three men diving for two months are bound
1o have a urine spill, sickness, or other
occasion that will require cleaning a dis-

tasteful mess.

CThere was an inadequate pumber of wipes in
1 I

SMEAT for a Sh-day mission.

Recommendations

I

There should be no decrease in water or
temperature on the shower,

The  shampoo  should be deleted it it
cannot be used with the shower.

The  current number and type of towels
and washcloths should remain the same.

Lach Skylab crewman should examine the
kit to msure adequate quantities ol items.
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0.

9.

10.
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Schedule a In-rsnnal hygicne period follow-
ing vach exercise session.

Towels and washcloths should be used for
spacecralt cleaning.

Minimize any planned use of X420 malerial
and investigate any potential flight problem
with ECS filters being clogged by lint.

The  Apollotype
should be used on Skylab, and the vacuum
should not be used to pick up liquid spills.

vacuum cleaner  brush

There should be several pairs of some dis-
posable rubber gloves onboard Skylab for

cleaning.

Increase the number of wipes on Skylab by
five boxes, and only use two dispensers at one
time in the wardroom and wasle management

(:nmpartm«-nl.

Waste Sample Collection
Condclusions

|84

A system of positive control including cod-
ing of containers by day and crewman is
required to insure that samples are not lost
or mixed.

A portable container for water and urine is
required pre- and postflight. This conlainer
must be capable of being carricd in the
T-38 pod. The container developed during
SMEAT is satisfactory.

A daily debriefing to the crew on wastes
collected from the previous day was re-
quired 1o minimize errors.

Personnel were not trained and the collee-
tion system was not tested prior to when
actual  collection  began.  This produced
many problems  while  the “bugs” were
worked out of the system. Now all but
one of the individuals who performed the
(as food and water
delivery) have been released.

collection well  as

Recommendations

The system  of sample control developed
during SMEAT should be used for Skylab.

REPORT
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The  portable and urine  container

developed  for SMEAT should be available

waler

o the Skylab crews.

The Skhylab erews should receive a short
debricfing on the previous dav’s waste col-
cach day  during the and

lection jrre-

postilight periods.

fnsure that personnel performing colleetion
have adequate training in g realistic collee-
tion situalion,

Skylab Urine Volume Measuring System (UVMS)

Conclusions

1. The Skylab UVMS wax oo ~small for the
crew’s daily urine oulput.

2. Failures in the Skhylab UVMS or the unne
bags resulted in frequent large urine spitl=.

3. The design of the UVMS and the took
available made cleaning the UVMS a diffi-
cult, hazardous, and time consuming task.

4. It was impossible 1o obtan consistent urine
samples.

3. The volume measurement system hung up
during the latter part of the test.

6. Three centrifuges were replaced during the
pretest  and  test period in atlempls  to
obtain adequate airflows.

7. The filter was replaced with extreme dilfi-
culty.

8. The urine collection hose/funnel assemblies
frequently  were incffective  because of
quality control problems.

9. The urine system drawer and drawer latch
were difficult to operate.

10. There  was  sigmificant  condensation  from
the cooling lines which led to the cold
plates.

11. At least an hour a day should be planned
for system operation.

12. The capacity of the contingency system is
inadequate,

13. There is back pressure in the contingency
system.

14. Several cull assemblies leaked.
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15. Contingeney system sampling was unsue-
cessful.

10. The conlingency  system procedure s com-
plicated,

Recommendation

L.\ major effort should be made to provide
a urine system that will collect, measure,
and sample” the crew’s daily urine output
without execessive  crew  lime  or neon-
venience. Any - spill not only negates the
experiment but  requires simificant crew
time  lor cleanup  and presents potential
operatiwonal and health hazards.

Fecal Collection System
Conclusions

I. The stools were not well formed while we
were on the Shylab diet which may cause
a separation problem in zero g

2. The green sticky-back  tape on the fecal
bags s too difficult o handle in  any
manner other than disposal.

3. The second seal on the fecal bag is clumsy
and  crude if made i the  originally
designed manner. but the newhy proposed
method of sticking a sticky surface to the
bag is xatisfactory.

4. Keeping the fecal system prepared with a

bag s advisable in case a need to use the

system suddenly arises.

Recommendations

L. lovestigate  the cause of the soft stools
while on the Skylab dicl. and correct if
possible.

2. The green sticky-back tape on the fecal
bags should be thrown away when it s
removed.

3. Use the new procedure for making the
second seal on the fecal bags,

-

The system should be configured with a
bag after cach use.

Carbon Monoxide Monitor
Conclusion
I The unit was noisy, difficult to interpret,
had an inadequate means of being checked,
and faibed during the test.

I{(‘('()"I llll'lll’d“()ll

Lo This unit has a significant aumber of prob-
lems that need 1o be corrected prior o
considering it for flight.

Carbon Dioxide Monitor
Conelusion
1. The umt has a slow response time for
carbon  dioxide  measurements, and  the
a"]bi"“t t"l“ll‘ru‘uri' gallg(‘ was ill “rror ll_\

several degrees,

Recommendation

1. Procedures and timeline should account for
the slow response time in the use of this
wstrument,  and  the temperature error
should be corrected.

Food System

Conclusions

1. Dietary requircments imposed by the MOT0
series experiments did not adequately con-
sider individual vartations which made selec-
ton of a satisfactory diet for the SPT
unpossible.

2. Food preparation and  cating  facilities i
Building were inadequate in that  the
Kitehen was available 10 too many individ-

37

uals. and the surroundings were not con-
ducive o pleasaut dining.

3. There were a large number of ftood rcon-
tainer tailures which primarily included bey-
erage  comtainer valves leaking, reconstitu-
tion bags splitting, and frozen food mem-
brancs bursting. The packaging with thes:
failures was unsatisfactory for flight.
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The large number of food failures and the
dictary problems encountered indicate there
s need for spare food items.

The large number of pills that must be
consumed  with the diet have a high nui-
sance value and are easily confused and
forgotten.  The  polyethylene  glyeol  pills
were the biggest offenders, aud the data
presented did not =snbstantiate their use.
The Command Module spoon ix required
for most items that need 1o be caten with
a spoon, and it ix made of a nonmagnetic
material.

The “can crushing” mode is a very messy

operation,

Recommendation

6.

Dietary requircments for the MO70 series
experiments  should  be revized to  allow
enough  flexibility  to
variations as well as varying operational
conditions.  Individual  dicts
thoroughly tested  prior to beginning  the

include  indwvidual

should  be

preflight phase, and any problems encoun-
tered should be corrected and retested.

The food preparation area for pre- and
posttest should  be restricted  to involved
personnel, and the dining facility should be
isolated and configured to make it as pleas-
ant as possible.

The food packaging needs to be redesigned
to eliminate the wdentified failures,

Spare food should be provided on Skylab
to handle contingencies, and a means of
easily accessing these spares should be de-
veloped.

The polycthylene glycol pills should  be
eliminated if the data obtained by their use
does not substantiate their  continuance.
Also, all pills should be color coded and
packaged so that pills for a particular mecal
are uniquely identifiable and localed.

The Command Module spoon should be
available in Skylab, and it should be made
of a magnetic material.

[
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Modily the can crusher to minimize  the

mess and o allow for casier cleanmg,

Clothing

Conclusions

o

Al of the clothing  materials used  were
acceptable from a clothing viewpoint, bt
the 420 matenal generated a great deal of
lint.

The clothing was  comfortable, wearable,
and sturdy with enougl changes for reason-
able cleanliness,

Some clothing items were not worn be.
cause of personal preference.

The detachable trouser legs were a desirable
feature,

The clothing module was not labeled ade-
quately to help crewmember keep track
ol what fresh items remained in his mod-

ule.

Recommendations

Do not use X420 on Skylah unless the lint
problem can be minimized.

Allom  the crews more freedom to substi-
tute items so that the module will reflect
their clothing wearing habits.

Label the clothing modules with a list of
the item~ that are included in a manner
which would allow their check-off a~ they
were removed.

Sleep Restraint

Conclusions

)

-

The sleep restraint provided a comf{ortable
place for sleeping.

The neck hole was small enough to make
entry and exit dilficult on a new restraint.

Recommendation

Evaluate the sleep restraint neck hole to
make sure it is large enough for entry by
the largest Skylalh crewmember.
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Tool Kit
Conclusion

L. The Skylab tool kit seemns well cquipped.

Cameras
Conchesions

1. The cameras worked well with only minor

'If()"'(‘lll.\

20 The dogging ol the 33 mm pictures was
difficult since it usually was not convenient
to obtain the appropriate hook at the thne
a picture was taken,

Recommendation

LA means should be constdered for attaching

a comvenient log to the 35 mm camera.

Crew Related Activities

Reports
Conclusions
L. The eres reported their actions Iy means
of five tpes ol reportz. These reports
consumed  significant  erew  Gme, but owe
heliove they were required.

e

The procedure of having CAPCOV advise
the crew of station contact worked well,

3. The information  passdd ot Iy us was
often  msunderstood.  This problem  was
probably made worse v several favers of
mdividuals relaving wmformation.

1. Much of the tape reconded information was

|()3|.

Recommendations

1. Adeguate time should be made available to
the erew 1o allow thew o relay to the
ground what they believe is inportant,

e

Shyvlab  should  conmder having  the
CAPCOM advise the crew of station con-
Lacts,

3. Shvlab should try to streamline their com-
munications  procedures as much as pos

sible,

4 Adequate voiee recording procedures should

be implemented,

Flight Data File

Conclusions

o The Theht duta Gile was an invaluable part
of the chamber equipment.

2. The teleprinter is the prefersed way Lo pass
AN e ssiges,

3.0 Flexibility should be allowed to change the
Might data lile while it ix heing used.

4. We found it convenient to log many items
in one master log.

The towage of new procedures and mlor.

o ¢

mation required office-tvpe items.

Recommendations

Lo Supply office-ty peitems, such as dividers,
binding rings. files, tape. and per clips, to
tacilitate  the handling o new  procedures
and inflormation, and the changing ot the

vanous books i the FDF.

Timeline and Mission Planning

Conclusions

L. The Skylal mission planning and scheduling
worhed well Tor SMEAT,

2. Faeh day was filled with either experiments
or other acitvities and we were constantly
busv. We believe the Skylab crews will be
hept  extremely busy  during  the  entire

20 day =

3. We found that reports consumed a rather
stenmificant amount  of time yel we can
think of wo good alternative to the dail
and weekly reports.

Data
Conelusion~
1. We bebieve that for best results the erew
should be hept aware of the results of the
experiment.
2. Timely  examination ol the  experimental
data can uncover many itesns that can be
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correeted i recognized  while the test s
“fresdh ™ in evervone’s minds.

3. Procedures should be devised 1o advise the
crewol the experiments’ progress at regular

intervals pre-C during and then postflight.

Recommendations

I. The experimental data should  he  sulfi-
ciently reduced to allow  timeh exanmina-
tion of the progress of the experiment.

2. The crew zhould e advised at frequent.
reglar  intervals of  the progress of  the
experiments  preflight. during  flight. and
postilight.

Exercise

Conclusions

L. There was no program to document and
understand  cach crewman’s exercise proto-
vol pre- or posttest. Phat used during the
test was minimal. Thix left a gap in the
otal  medical  experiments and  hampered
some experiments direetly

2. The bievele ergometer is eritical to the
Skylab crews” exercise and we found exer-
cise a very necessary activity in the cham-
ber.

3. Exercise iz an essential {eature of prolonged
stavs in such a closed environment.

Recommendations

1. Establish a  program to document each
crewman’s  exercise pre- and  postflight as
well a~ during flight, and take the required
action to insure that the effect of this
exercise > factored into  each  medical
experiment,

2. Take stepx to insure the ergometer will be
available for exercise in Skvlab and that
limitations of it use be minimized.

3. Allow for adequate exereise time,

Supplementary Activities

Conelusion

b The supplementary activities did anexeel-
lent job of allowing u~ o utilize our thine
i the chamber.

Off-Duty Activity Equipment (ODAFE)

Conclusions

1. The  Shyvlal DAL cquipment was u=cd
often and  generalhy was adequate. The
iems most used were the hooks and tapes.

2. The hook and tape procurement process
was complicated and probably unnecesary .
In the case of tapes, we believe normal
commercial tapes to be the best

3. Labeling the tapes with the erewmember’s
name  and  not the tape seleetion was

confusing.

Recommendations

F. Allow the erew  the option ot purchasing
books and tapes for Skylab and then of
being reimbursed.

2. Label all tapes. and tape containers, with
the major selections on the tape.

Training

Conclusion
I. The SMEAT  training was  adeguate  but
crammed  becanse ol hardware availability .

Health Stabilization

Conclusion

I. The health stabilization plan implemented
for  SVMEAT  where  the  crew  avoided
crowds, strangers, and anyone who wax
il worked.

Recommendation

1. A plan similar to the SMEAT plan should
be seriously  considered for Skylab. If a
more  positive  health  stabilization plan i
chosen, it should be defined early . so that
it can he studied for consisteney.
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Summary

A S0-day  chamber simulation o Skylab was
suceessfully  completed. The  atmosphere (G pa.
70 pereent oxvaen, 30 pereent nitrogen. Smm car-
bon  diovidey and  medical featuees imceluding
20alay pre- and t8day  postiest medical protocols
were closels simulated. No apparent crew health
problems wer induced by the atmosphere, semi-
closed environment. or other test featuress and no
appreciable  erew dearadation appreared over thi-
period. The chamber and associated systems per-

formed without major problems,

Although only medical experiments were ~sehed-

aled, erew time was well occupied,

SALTITHDE T

Major and fundamental problems were encoun-
tered  with medical  equipment including  Urine
Volume Measuring System, and metabolic anatyzer
and  ergometer. Hardware  problems  were al~o
encomitered  with the Blood Pressure Measurning
System and Fxperiment Support Sy stem/Cardio-
tachometer.  Another  major  problem  was  the
rigidity  of the food  system which produced a

mineteen pound weight loss in one creweman,

It was concluded that virtually no  baseline
data was gathered from the metabolic studies, and
that UVMS, diet, and metabolic analy zer smust be
revised and tested hetore flying on Skylab,



CHAPTER 22

SUMMARY

Richard S. Johnston
Director of Life Sciences

Lyndon B. Johnson Space Center

The Skylab Medical Experiments Alitude Test
was a simulation of the 50-day Skylaly mission. This
test. conducted at the Lyndon B. Johnson Space
Center, included all significant fratures of the Skylab
flight environment with the exception of weightless
ness. The atmosphere was identical to that of Skylab,
consisting of a 70 pereent oxygen/30 percent nitro-
gen breathing mixture at 5 psi: the physical facility
was quite similar; crew activitios were fully represen-
tative: the timeline of events was that of an opera-
tional mission; and full mission support was provided,
just as would be the case in Skylab. Finally | to insure
fidelity throughout, three members of the astronaut

corps served as subjects.

The oljectives of the SMEAT program were
seveeal. OF paramount importance was the collection
of baseline biomedical data which might be used later
in attempling to isolate the eftects of weightiessness
per s¢ on Skylab crewmembers. A second objective
was o evaluate Skylab crew procedures and cquip-
ment operations and 1o train both crewmen and
support personnel in the procedures and operations,
A third major objective was to test all medical
experiment cquipment and all life support systems
for functional adequacy, veliability, and acceptability
=0 that appropriate redesign might be accomplished
prior to Skylab.

The SMEAT mission consisted of a prechamber
hase, beginning six months prior to the chamber
P (4 g

-y,

lestsa ShO-day chamber test, begun on 26 [aly | 1972
and an 18-day postehamber test period. The test was
condueted in a cylindrical, 20-foot diameter vacuum
chamber configured to resemble the part of the
Skylab Orbital Workshop (OWS) referred to as the
Crew Quarters. The test, condueted effectively ax a
separate  space mission, was judged to be quite
successful and produced the Tollowing results.

Development of Skylab Program Team

One of the principal outcomes of the SMEAT
Program was the molding of a Skylab mission control
and supporl team. A number of new management
SMEAT

diversified life sciences group. consisting of engineers,

coneepts  were wsed in under which a
physicians,  physiologists,  biologists, py chologists,
and others, became a cohesive program team. A
format for regular meetings of key personnel was
established  and
dissemination  were used 1o keep  both  project

NASA  management  apprised  of

new  procedures  {for information
personnel  and
significant problems and accomplishments.

During the course of SMEAT, virtually all of the
logistics issues which would be found in Skylab
were addressed. Such obvious matters as feeding the
crewmen, collecting waste samples, and providing
exercise facilities, all fairly routine items, required
extensive planning for proper accomplishment in the
mission The  establishment  and
implementation of logistics programs for issucs such

environment.
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i these brought together prople from various Y ASA
Dircetorates and different diseiplines, allowed them
to work together and to develop an appreciation of
the responsibilities and dimensions by w bich different
organizations involved in mission controd work. The
result was a team which acquired a missian identity
and a conlidence  coneerning it capabilities for
mission control and support. This hud o profound
effeet on the ability ol the NASA manned space
flight organization 1o tly the most compley medical
Thebt that the United States has =t out o ae-
comphisi the Sha laby imission,

Bascline Biomedical Data

One of the wmajor objectives of the SMEAT
progrant was 1o obtain and evaluate baseline medical
data lor up o 36 day= for those medical experiments
which niight be allected by the Shylaby environment.
These data then would provide an eveclient base from
which to isolate amd evaluate the effeets of weight-

feasness on Shylab erewmen.

[ sable information was oblained from virtaally
all of the SMENT medical experiments, These data,
coupled with the clinical obseayations of the medical
moniloring temn, provided a comprehensive picture
of the day-to-day  health ot the SMEAT crew-
members, No o sigmificant changes were noted, and
none had really been anticipated, in the results for
the medical experiments. There al=0 were no apparent
erew health problems induced by fiving in the
semclosed environment. the altered atmosphere, or
other test features of SMENT. There was no appreci-
able degradation in crew perlormance over the period
of the test

The relative  vonstaney  of  the  basehne data
obtained during SMEAT i< quite important for later
Shylab data analy = programs. From the fact that no
changes of consequence were found in studies dealing
with such variables as~ mineral balance. metabolie
factors, and bone mineral measurements. one can
conclude that there will be no bias in the Skyvlab
medical data due o the atnosphere, work, or social

conditions.

Data Recording and Handling

A tremendous number of  measurements were
obtained  for medical expeniments. systems tests,

2.2 SRY EAB MEDICAL EXPERIMES

SALTITUDE TEST

envirormental test=. and in-chamber monitoring of
SMEAT, The acquimition ol biomedical data went
smoothly . but the processing of the data through
computer sy=lems proy iding automatic computations
and plots of the data lagged during the initial ~tages
ol the test. These problems were corrected and, by
the conclusion of the test, data flow  was quite

satisfactory .

An initial problem in the SMEAT Program dealt
with procedures for handling massive data from the
variets of experiments and presenting this informa-
tion by some sy stem which would allow monitors to
follow on a daily basiz any tremd that might be of
significance drom a crew health or operational view-
point. A series of trend charts were developed for
cach of the major experiments, with daily charting of
pertinent data. These trend charts proved quite useful
and provided a kind of clinical health chart ou the
erew using experiment data g different approach to
handling medical data from that used in prior space

MISSIoNs,

Equipment and Systems Evaluation

Vuch of the hardware used in SNMEAT was new,
particularhy that associated with the medical experi-
ment=. One ol the objectives of the test was to
evaluate the lunetional adequacy and aceeptability of
the various equipment items and to provide guidelines
for needed redesign or improved construction. This
effort proved to be of great importanee since a large
number of potentialhy serious problems were dis-
covered. It some vases, major redesign of equipment
wis Necessany:in others, additional qualification or
life evele testing was warranted. By the end of the
program, howeyer, most problems had been solved
and Skylab could  be apprnu(‘hml with increased

confidence concerning hardware adequacy.

The principal equipment problems occurring during
the SMEAT test were:

b. Urine Collection System. This sy stem was
designed 1o allow  the pooled collection of unne
amples from Skylab crewmen on a daily basiz. The
original =yslemn was designed to handle 2,000 mi per
day. Early n SMEAT it was discovered that crewmen
exceeded this volume on a daily basis quite Ire-
quently. Because ol this, and other problems as-
sociated with nse of the system, a major redesign was
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undertaken resulting i what is now considered to be
a very functional urine collection svstem {or use in
flight.

2. Metabolic Analyzer. A number of problems
were discovered  with this unit. For one, a hidher
oxygen consumption (15 to 25 pereent) was observed
at altitude than  at ground pressure Jevel. Vital
capacity and minute volume measures were inter-
mittenthy as much as 40 +9 00 pereent higher than
should have been the case. In addition, drift was
noted in some of the data plots. As a result, a number
of the electronic cireuits were redesigned and addi-
tional mechanical changes made in this system. The
metabolic analy zer now provides consistent data and
is considered adequate for SKy lab use,

3. Bicycle Frgometer. A inajor problem was en-
countered with the bicycele ergometer. This device is
very important since it serves two purposes. First, the
crgometer supports the metabolic activities experi-
ment (MITH) to determine if man’s metabolic effec-
tiveness in doing mechanical work is altered in the
space environment. Second, the ergomeler is the basic
device used by the crew for obtaining daily physical
exereise. This is very important il they are to
maintain
flight.

physiological condition  throughout  the

Failures with the ergometer during SMEAT were
such that it was necessary to transfer the device out
of the chamber through the aitlock during the test,
subject it to failure analysis, reassemble the unit. and
pass it back in for further use. A number of design
deficiencies were noted and additional qualification
tests on redesigned units were conducted to insure
that the ergometer used during Skylab should be

appropriate for the Tull 50-day misston. Ao, on the
bast~ ot the SMEAT results, a spare erzomneter load
modale. housing the pedalz and drive motor, was
added to the Skylab cquipment packhage.

4. Lower Body Negative Pressure Deviee. \ scal
in the LBNP deviee encloses the fower extremitios ol
the body so that a negative pressure can be applicd.
This seal suffered serious leakape. A redesien of the
waist scal was aceomplished, and changes were made
in hoth SMEAT and Shylub svstems Further, a
decision was made Lo carry a spare waisl ~eal during
the thight program.

Because it gave high readings, the blood pressuree
measuring system also was deemed unsatizfactory. A
tailure analy sis pointed 1o a calibration problem with
the blood pressure cufts, This was corrected, wnd a
~wries of tests were comdueted at Dallas County
Hospital which verified system adequacy on the asis
ol corrclation between an in-dwelling blood pressure
catheter and  the experiment blood  pressure enfl
system.

-

5. Vectorcardiogram. In  this  experiment,

problems  were  encountered  with  skinirritation
produced by the electrode cement. Special pateh tests
were instituted to verify that the electrode cement
and the clectrode paste used would not produee skin
irritation in the Skylab crevemen,

O. Blood Sampling Technigques. Problems were
encountered, in the first blood samples, with coagula-
tion that interfered with the separation of plasma and
serum. Additional anticoagulants were added to later
simmnples, and the problem was alleviated. There also
wa~ some  dilficulty  with vibration of the blood
separation centrifuge. Again, results were used Lo
correctequipment scheduled for later Skylab missions,
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METABOLIC ACTIVITY -- EXPERIMENT M171

A. Breakout Cable/PDP 8¢ Operation

An  initial  SMEAT 3 psia we. run occurred  on
July 10, 1972. Data from this test were difficult to interpret
and raised questions regarding  the performanee of the
metabolic analyzer. It became apparent that knowledge of
metabolic analyzer transducer outpuls was required (o
quantitatively deseribe  performanee of the metabolic
analyzer. A breakout cable was installed on the SMEAT
metabolic analyzer before the sccond 5 psa wet mn.
Table A-1 lists the vanables that were then available 10 be
monilored.

The breakout cable was connected lo an eleetrical
feedthrough in the chamber wall. The cable extended from
outside the chamber to a platform immediately above the
chamber. At this point the cable interfaced with a 24-channel
calibration/buffer box. Each signal was buffered by feeding it
through a high input, low output impedance unity gan
amplifier. Twelve analog outpuls were monitored  on
Brush 260 stripchart recorders. Additional analog signals
were patched to a PDP 8-¢ digital computer.

The digital minicomputer (PDP 8-¢) was used 1o check
the computational accuracy of the Metabolic Analyzer (MA)
analog computer. The use of a digital computer sampling
analog signals allowed simultancous caleulation of gas
exchange parameters using four different sets of equations
describing mass balance. Two of these sets of rquations were
identical with the equations implemented in the MA for
Mode 1 and Mode 2. The other two sets of equations were
Mode 1 and Mode 2 calculations but did not use the gas
fraction of water measured by the mass spectrometer.
Instrad, the temperature of the exhalation spirometer was
monitored, and the water fraction was calculated by
assuming the spirometer gas was saturated 2t thal
temperature. The calculated gas volume at standard
temperature and pressure (STP) was then reduced to dry
conditions by multiplying the STP volume by (]-F]|20). The
Mode 1 and Mode 2 calculations were performed using dry
gas volumes and dry gas fractions.

The accuracy and repeatability of the digital calculations
were checked by monitoring the MA during an end-to-end
calibration run using a known gas mixture and hand pump.

Simultancous calenlation of the four sets of euahions
using MA transducer data quantitated several sources of
errors in the MA. The excessively high Traction ol waler
measured by the mass spectrometer caused MA Mode 2
caleulations of 02 consumption and €Oy production lo b
4.5 percent low. This same error in waler fraction caused
Mode | O consumption to be measured 10-20 pereent high.
In addition, correct Mode | operation was shown o be
dependent on exact volume matching of inspired and expired
volume spiromelers,

B. Major Problem Areas
1. Quantitative Carbon Dioxide and Water Measurement
The temperature of the exhalation spirometer was
monitored concurrently with Mass Spectrometer (MS) water
signal and no consistent relationship  was demonstrated.
Because partial pressure ol waler vapor is 4 function of
temperature, a  specific relationship  between  exhalation
spirometer temperature and MS water signal wax expeeted.
We continually observed  higher  water readings  than
anticipated according to indicaled spirometer temperature.
Either the thermistor in the exhalation spirometer did not
indicate true cxhaled air temperature  or  the  mass
spectrometer was measuring water too high. Test run on
DVTU #2 veritied that the spirometer thermisior was
sufficiently accurate. Therefore, we concluded that the mass
spectrometer measured water too high, possibly duc to an

error in the water gain.

Carbon dioxide quantitation initially appeared to be
interlocked with water measurement. MA data compared
with Douglas bag data indicated that carbon dioxide wax
measured higher by the metabolic analyzer than by Douglas
bags. In the laboratory, we have been unable to demonstrate
a “loss” of carbon dioaide by the Douglas bags. This
discrepancy between the MA and the laboratory standard ix
attributed to operation of the mass spectrometer in the
SMEAT MA. Whether or not this problem is one of
calibration or malfunction remains to be determined.
However, data from the laboratory DVTU MA at sea level
show carbon dioxide values similar to Douglas bag data.

Extensive post-SMEAT evaluation of the mass
spectrometer is planned at Perhin-Elmer, Pomona. California.
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Table A |
Variables Monitored by PDP-8¢
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Resolution  of  the  waterfearbon  dionide  measurement poorh with the raw spirometer volumes, e.g.. 0.93 instead of

probicm awants completon of these tests,

2. Vanability m Hand Puip Calibration.

Initial hand  pump cahbrabons  <howed large
vanability in computed data. The respiratory valves were
suspeet because they allowed blow-by due to their low
cracking pressure. A study was performed in our laboratory
to detennine il the (light configuration cres valves were
acceplable for end-to-end calibration ot the MA. The report
titled, The Effect Of Different Valves On Calibration Of The
Metabolic Analyzer. by A, Paul  Schachter, dated
August 18, 1972, has been crculated to MSFC and DEYL
personnel. Briefly, it was concluded that crew vahes were
satisfactory lor delivering known gas volumes to the MA f
the pump was stroked slowly rather than rapsdly,

Monitoring SMEAT  hand  pumnp  calibrations
demonstrated two additional sources of error: performance
of sample and hold circuts for STP vohunes and the trigger
concept. STP sample and hold data were shown (o correlate

the anticipated 1O correlation. Further  investigation
indicated that this  problem was unique to  the
SMEAT MA test «etup and was caused by “lilter” capaciors
used in the calibration voltage follower box. MA DVTE 22
cousistently has ~hown a high correlation between STP and

raw solumes.

3. Tnggers Cirewits,

The trigger circuit design was problematic for two
reasons: (1) The trgper signal occurs at or near zero air flow,
and (2) There wis no requirement that the ~econd half of 4
breath evele be intuated before the volume data from the
preeeding half were used Tor computation. Mode | operation
was hindered by normal human respiratory patterns such as
rates because such maneuvers
before  completion  of  that

coughs and <low air tlow
resulted  in compulation
exhalation,

A new trigger coneept was studied briefly. It would
make Mode I functional but lower the overall reliability of
the MA by inaking the dump of each spirometer dependent
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upon the other spirometer. Therefore, {ailure of any portion
of the inspiration spirometer eircuit or associated hardware
would resull in total loss of the MA data.

4. Ear Plethy smograph.

Ear plethysmograph performance was the subjeet of
extensive  debate. At present we believe  that the  car
plethysmograph measured heart rate reasonably well within
the 60 - 120 beats/minute  range. lowever, most data
indicated that the plethysmograph heart rate was low relative
1o the VCG heart rate above the 120 beots/minute Jevel,
Performance  of this unit  will be rechecked during
post-SMEAT testing.

3. Dump Valve.

On SMEAT day 18, significant problems were
encountered with the inspiration spirometer dump valve.
Stripchart data indicated that the spirometer dump valve
hung open during the run on SPT. The exact failure was
uncertain, but it most likely resulted from either a
temporarily clogged Ny gas orifice or a too tight ball valve
seal that caused the ball valve to stick open. The problem
could not be duplicated during post-SMEAT testing.

6. Vital Capacily and Minute Volume Circutiry.

Starting with the SPT test on SMEAT day 27, the
vital capacity and minute volume data as recorded were
approximately 60 percent high. On SMEAT day 30, the MA
data were credible for the CDR at 1230 hours but by
1600 hours, when PLT was run, the data were again
40 - 60 pereent high. SPT was run at 1745 hours and these
data were still high. However, all data for SMEAT day 36
appeared “‘normal.” The next obvious failure occurred during
PLT' special test on SMEAT dav 43 at 1545 hours. Data for
SPT on that date were also high by the 40 - 60 percent figure
seen previously. For the remainder of SMEAT, the MA data
for vital capacity and minute volume were credible.

In summary, an inlermittent failure was observed
which produced high measurements for vital capacity and
minute volume. It appeared to be related to MA temperatare.
Fortunately STP volume, required for computation of
oxygen consumption and carbon dioxide production, was not
affected by this anomaly. Post-SMEAT the failure was
identified in a multiplier required to go from Vg Tp t©
VES pp- The problem was isolated 10 a defective integrated
circuit (1C) amplifier. The DVTU metabolic analyzer
contained IC's, including the one which failed, from a lot
which had previously failed in flight hardware. All such IC’s
are no longer used in the flight hardware.

7. Ergometer Failure,

The origmal SMEAT ergometer failed during a
personal exercise period with SPT as subject. Examination

indicated that 7 of 12 brushes had separated from the brush
ring and the torque sensor had failed. Apparently the only
significant difference between the SMEAT ergometer and the
flight bardware was in the type of brush ring. and in the fact
that the brush ring confliguration used causes the armature o
turn “inte” the brush ring rather than “away from™ the
brushes.

A flight configuration brush ring was installed in the
SMEAT ergometer and the unit was recalibrated and returned
to the chamber. Within  approximately  one week, the
ergometer failed again. The charactenstics noled were a foud
grinding noise and a very high load alter 2% mmutes at
300 watts. Inspection of the ergometer following its removal
from the chamber failed (o demonstrate the problem. A
subsequent 36 minule run at 300 watts on a calibrator
resulted in failure of the unit. Again, the fatlure was
characterized by excessively high loads rather than unloading.
In both cases, the failure was the torque sensor. Subsequent
investigation at MSFC disclosed a bearing misalignment on
the armature shaft caused by improper assembly. At high
work levels the armature would expand and,due to the
misalignment, eveniually contact the stator thus inducing high
force spikes into the torque sensor thereby causing its Failure.

8. Douglas Bags.

Douglas bag collections were planned for SMEAT
using the following protocol for each subject:

Bag # Sample
1 20 pumps (3.5 1 stroke) of cabin air
2 10-minute rest sample
3 Final 3 minutes at first work level
4 Final 3 minutes at second work level
5 Final 2 minutes at third work level

At least three sets of bags were obtained for ea
subject during the five inflight Douglas bag collections. The
test dates were August 25 (238) and August 26 (239), 1972,
and September 7 (251), September 13 (257) and Septem.
ber 18 (262), 1972. Twelve bags were available to the crew
for cach two-subject run. The extra bags were generally used
to obtain an additional sample af each subject’s last work
level. During each run, the Crew Systems Division personnel
were requested to hold chamber nitrogen level as stable as
possible. This was necessary because of the sensitivity of the
metabolic calculalions 1o nitrogen levels. The data from the
Douglas bag collections are summarized in Table A.2. The
mean oxygen consumplion values for each crewman fell near
the middle of the 95 percent C.1. of his bascline data. The
respiratory exchange ratio data were within normal limits,
indicating that the high values noted from the SMEAT MA
were incorrect,
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Table A-2
Summary of Physiologicat Data Obtained From SMEAT 5 psia Douglas Bag Collections
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9. Silica Gel Drier Test.

Early in the development of the MA a silica gel dner
was incorporated into the system to lower the dewpoint of
the exhaled air. However, a negative aspect of silica gel was
that it apparently adsorbed COg on the trapped waler, The
€Oy adsorption was expected 1o produce MA data that had

low respiratory cxchange ratios. With the exception of the
rest data from the (it subject (CDR), the respiratory
exchange ratios were  higher  than  previously noled.
Therefore, the canister appeared to saturate with €0y long
before it lost its capability to adsorb moisture. The data are
summarized in Table A3

Table A 3
MA Silica Gel Drier Test Data
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Water levels remained stable at 1.3 pereent during the
CDRs test. E8 pereent during the PLT's test, and began to
fise from 2.4 1o 4.0 pereent during the SPT s test, Therefore,
in spite of the low water levels, €05 was still being measured
higher than  anticipated  according 1o the Donglas bag
techmique. The impheation s that the mass spectrometer
(0., wain was being set too high. This may have been the
sumtnation of  two separate  problems: (1) The mass
spectrometer GOy gain was adjusted for a gas thought to
contait 143 pereent COy when, i facl, it contained only
14.0 pereent CO-, and (2) The CO9 pain is adjusted while some
cabin air dilution is present in the gas being sampled.

10. Etiect of Short Term Changes in Cabin Atmosphere
on MA Measurement of Metabolic Rate.

Inittal MI71 runs at allitude indicated oxygen
consumplion data were very sensitive 1o small changes in the
quantily (frachion) of mtrogen in the chamber atmosphere.
Thix computational sensitivity results from two facts: (1) The
MA analog compuler stores cabin air composition at the
onset of cach test, The implied assumption is that the cabin
gaseous  composilion  remains  constant  during  the run;
(2) The computation of inspired volume is highly sensitive to
small Fiyg changes, thus an inerease in Fyg during an M171]
run will produce an apparent increase in V(). Conversely. a
decrease in FlN;z during an M171 run will produce a decrease
in MA oxvgen consumption, Two special SMEAT tests were
run to document this point. In both tests, the subject (SPT)
performed steady state exercise at 180 watts as judged by no
sigmficant anerease in heart rate during the 45 minute
exercise period. In the first test, five minutes of \"()2 data
were obtained with a stable cabin gas composition, followed
by 30 minutes of \"'()2 data during which time the FiNg was
incrcased 0.005 per J0 minutes. At total Fing increase of
0.015 resulted in an apparent V()9 increase from 2.1 to
3.0 liters/minute, On the second special test day a corollary
test wax performed wherein the Flg was raised 0.015 while
the same subject repeated the 45 minute ride at 180 watts,
Because cabin (02 and H20 levels remained relatively stable
at 2.0 percent and 5.0 pereent respectively, the increase in

Fl1(y was reflected in a like decrease in FINg. MIT1 oxvgen
consumption data fell from 2.1 to 1.5 liters/minute,

These tests proved the necessity of maintaining cabin
almospheric compaosition as stable as possible during M171

tests,

The data from the two tests are tabulated in
Tables A-4 and A-5.

11. Evaluation of MA Mass Spectrometer Gas Analysis.

Al preecding  tests indicated the MA mass
spectrometer was measuring carbon dioxide too high. This
test was designed to provide a series of saturated gas samples
to be introduced to the mass spectrometer at 5 psia. The
mixed gas samples were  analyzed by the MA  mass
spectrometer using both the cabin air and the exhaled sample
inlet ports. At the completion of this portion of testing, the
Douglas bags were passed out of the SMEAT chamber and
brought to the environmental Physiology Braneh for analysis
using a S.R.1. MEDSPECT respiratory mass spectrometer.
The data are shown in Table A-6.

The results of these analyses indicated that the SMEAT
mass  spectrometer  was measuring  CO2  approximately
25 pereent high and 09 five percent low. Analyses made via
the cabin air and exhaled sample ports showed no appreciable
differences,

12. Mass Spectrometer Calibration Gain Adjust.

The final regularly scheduled M171 test was used to
check the impact of mass spectrometer gain adjusts on MA
data. The COy gain was set at 11.4 percent, instead of a
nominal 14.3 percent, and water gain was similarly reduced
from 24 to 18 percent. Otherwise, the protocol for M171 was
that nommally employed. The data obtained are shown in
Table A-7. Essentially, the V(o data appear normal, but
V(0g are somewhat low relative to the Douglas bag data.
This indicates that the CO9 gain may have been reduced too
much. The R.E.R. data reflect the CO2 gain adjust by having
numerical values somewhat less than expected.
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Table A-4

Nitrogen Injection into Cabin Atmosphere
MI171 Special Test #7
Subject: Thornton (180 Watts)
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Table A 5
Oxy gen Injection into Cabin Atmosphere
MITT Speeial Test #7
Subject: Thormton (180 Watts)
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Table A- 6
Douglas Bag Gas Analysis at 5 psia
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SMEAT MA Metabolic Data Sununary
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