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0 1.0 I r n O & C  TION 

The Boeing Company has successfully conducted a manned environmentel 
system assgssment (MESA) program f o r  the  National Aeronautics and 
Space Administration (NASA) under the reference contract. 
has demonstrated experimentally tha t  5 men can survive f o r  30 days in 
a closed self-sustained integrated system environment. 
ative system included chemical, physio-chemical and biological sub- 

The test 

The regener- 

systems. 

A July, 1963 test attempt was aborted after 4 1/2 days due t o  nausea 
of the crew and subsystem equipment malfunctions. Thereafter, an 
intensive program was undertaken t o  insure success of the  next 30 
day attempt. 

An integrated system 17-day test was conducted in February, 1964, 
with the last  4 days manned. The 3O-day manned test was begun on 
March 2, and successfully completed on April  1, 1964. 

Included herein are the subsystem development and tests, integrated 
system test results and recomnendations and conclusions. This data 
should be useful t o  engineers and sc ien t i s t s  of future l i fe  support 
systerns . 
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The in t en t  of t h i s  program was to invest igate  the many aspects 
of a closed operating l i f e  support system including man. Data 
bas t o  be derived from a 3O-day t e s t  which would include 5 men 
and the  required l i f e  support systems such as;  chemical atmos- 
pheric control, t r a c e  contaminant control, b iological  waste 
treatment, water recovery, personal hygiene and freeze-dried 
food. 
mum leakage capabili ty.  

Systems selected f o r  t h i s  test were not optimum f o r  a 30-day 
mission, zero gravi ty  o r  weight. Selection *as based on 
obtaining a mixture of chemical, physio-chemical, and biologi- 

integrated system. 

This program had two d i s t i n c t  phases: 

A.  MESA I . From program s t a r t  t o  end of J u l y  1963, 3O-day 

Test bed was the Boeing high a l t i t u d e  chamber with mini- 

c a l  systems which wodd provide broad data when 

attempt which aborted a f t e r  4 1/2 days. 

B. MESA 11. From July 1963 abort, through redevelopment and 
subsystem test ing,  ending with the successful completion 
of the March 1964, 30 day tes t .  

5 . 1  MESA I 

The program s t a r t e d  i n  March 1963. All systems were designed, 
l imited subsystem tests conducted and the 30-day manned attempt 
started i n  July 1963. 
extreme nausea, loss of appetite and systems' malfunctions. ' A l l  
systems presented major operating problems requiring continued 
maintenance and repair. The f i n a l  f a i l u r e  w a s  the rupture of t he  
waste reactor which caused immediate abort. E f fo r t s  t o  medically 
pinpoint the cause of t h e  sickness were unsuccessful. 
been reasoned, therefore, that  the abort  was caused by many items 
and when coupled together presented an insurmountable hurdle t o  
the crew. Some of these could be: 

It was aborted a f t e r  4 112 days due t o  

It has 

A. The undesirable sweet pungent odor i n  the chamber. 

B. Possible smll quantit ies of g6ses ;;k;lzh by themselves 
would not be toxic; such as N02. 

C .  Yellow condensate which indicated an atmospheric contaminant 
( o r  combinations) of long chain compounds. 

D. Requirement t o  r epa i r  the waste reactor centrifuge and the 
resul t ing psychological e f f e c t .  

9 



E. Continual system repairs .  

F. Lack of the a b i l i t y  t o  maintain a uniform schedule 
and the resul tant  confusion and loss of sleep. 

It should be noted t h a t  f o r  t h e  first t im a l l  systems including 
man were sealed i n  a chamber with minimum leakage. 
toxicological problems were much greater  than ant ic ipated and 
the necessary trace'management w a s  not exercised. Therefore, 
MESA I showed the extreme importance of t r a c e  contaminant 
control i n  an integrated system with i t s  many unknown i n t e r -  
actions. 

Apparently 

As a result of the MESA I abort  a detailed program was con- 
ducted t o  ensure success i n  the next 30-day, 5-man attempt. 
This program had as i ts  objectives:  

A. 

B. 

C. 

D. 

E. 

F. 

A revision i n  the toxicology philosophy using a conservative 
engineering approach; complete material  re-evaluation, using 
only known compounds, laboratory accepted and t h e  i n s t a l l a -  
t i on  of additional contaminant removal equipment, 

Further chamber t e s t ing  of the MESA I configuration i n  an 
attempt t o  pinpoint a toxic element. 

A systems engineering approach t o  all subsystem designs t o  
ensure meeting a l l  old and new requirements and t o  ensure 
r e l i a b i l i t y  and/or ready ma:.nt,. -rlance. 

L#aboratory component and subsystem t e s t i n g  t o  ensure meeting 
the requlreaents; define new requirements; to provide sys tern 
sperating limits; and t o  provide subsysLem r e l i a b i l i t y .  

Preparation of t h e  necessary documc-ntation t o  conduct a t es t  
of such a large magnitude. 

A l'l-day integrated chamber tes t  was conducted t o  provide 
the necessary confidence i n  the system t o  conduct t h e  30- 
day manned test. The first 13 days were unmanned. This 
allowed f o r  exploration of gas generations and removals, 
such as NO , operating procedures f o r  the sodium superoxide 
waste and gater systems, as w e l l  as system replacement rates 
of actual  elements such as filters. 
of t h i s  test were conducted wlth 5 men inside the  chamber. 
A l l  subjects came through with no recurrence of t he  symptom 
of the July, 1963 abort. 
provided the necessary confidence and data t o  conduct t he  
30-day, 5-man test .  

The l a s t  four  days 

Information gained from t h i s  test 



The 30-dqy, 5-man t,est E;t,rzrt.ed at  1355 on  March 2 and w a s  success- 
fully concluded a t  135'7 on April 1, 1964. 
sults and conclusions of t h i s  t e s t .  
information obtained. 

Section 0 includes re- 
Reviewed helow is  t h e  per t inent  

1. Physiological 

Pre-test, test. and post-test medical moniuoring showed t h e  
crew suffered no ill effects  from t h e  test. A t  one point 
i n  t h e  tes t  4 of' 5 crewmen showed B d e f i n i t e  increase i n  
Met. HBG. 
for increase i n  oxides of nitrogen except possible pre- 
servatives i n  t h e  Gemini diet .  

Bacteria sampling w a s  conducted on a l l  subjects including 
nose, t h roa t ,  mouth and fecal. 
~ l l  subjects showed R decline of normal nose and throat  
f l o r a  and coincifling;,an increase i n  a po ten t i a l ly  patho- 
genic organism. Possible cause may have been t h e  condi- 
t i ons  of temperature. humidity, t h e  bacter iological  clean 
chamber atmosphere o r  t r ace  quant i t ies  of an  ~mknown 
chemical agent. 

Further readin@ were normal and no explanations 

During t h e  confinement 

Urinary metabolites were conducted before, during and a f t e r  
t h e  conf ineinent . These included 17 Hydroxycorhxsteriods , 
Catecholamines ~ l n d  calcium. 

2. Behavioral 

Various psychological tests were used t o  evaluate t h e  be- 
havior of a f i v e  man crew. Tests were included t o  assess 
v i sua l  and auditory functioning, perceptual and motor 
s k i l l s ,  group dynamics and individual a t t i t u d e s  and 
experiences. 

No control groups were available f o r  behavioral comparisons. 
The generally negative a t t i t udes  
t h e  behavioral assessment program necessitated a consider- 
able reduction i n  i t s  scope before t h e  end of t h e  first 
week of confinepent. 
t h e  psychological data highly questionable. 

of t h e  Subject6 towards 

This poor motivation made much of 

It w a s  concluded t h a t  the MESA t h i r t y  day confinement was 
not pa r t i cu la r ly  d i f f i c u l t  o r  s t r e s s f u l  f o r  t h e  crew. 
Those behavioral problem6 which did e x i s t  appeared t o  
stem mostly from poor motivation and centered primarily 
around t h e  area of interpersonal f r i c t i o n .  It 4s c l e a r  
t h a t  hurnan f ac to r s  considerations ( d i f f i c u l t y  of use and 
maintenance of equipment, crowding of t h e  chamber, and 
t h e  l i ke )  l ed  t o  i r r i t a t i o n s  and t h a t  these of ten led t o  
covert interpersonal f r i c t ion  as w e l l .  
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3. Nutrition 

Thirty days of food was contained within t h e  chamber and 
consisted of freeze-dried and dr ied diets. Ten days 
u t i l i z e d  t h e  Gemini d ie t  w i t h  ?OoF water and the  last 
twenty a space s t a t i o n  diet  w i t h  450 and l65OF water. 
A detai led malysis of t he  diets i s  t o  be made by 
Houston Manned Space Center. In  eeneral  t h e  food w a s  
one of t h e  major annoyances t o  t h e  crew. I n  cenernl, 
the crew stated that  "crew morale could be increased by 
providing, i n  addition t o  n u t r i t i o n d  value, food whicn 
was presentable and palatable". 
were one of the  enjoyments of l i f e  and should be so 
treated i n  space flights. 

All stated t h a t  meals 

I n  summary a l l  crewmen functioned with t h e  systems f a i r l y  w e l l .  
The length of t r a in ing  was  marginal and a more exact method of 
crew selection could have resulted i n  a more motivated crew. 
However, it should be noted t h a t  crew did provide t h e  required 
function; that  i s  t o  complete the integrat ion of man and machines 
and provided considerable information f o r  fu tu re  system designers. 

R, Systems 

One major accomplishment during t h i s  t e  t w a s  t h e  attainmen 

of nitrogen was added t o  maintain a posi t ive,  2" H20 pressure 
above outside ambient. This resul ted i n  u t i l i z i n g  approxi - 
mately one atmospheric voiume during t h e  e n t i r e  30-day tes t  
and retaining and t r e a t i n g  a l l  of the contaminants generated 
by systems and man. 

of a clased atmosphere. In  t h e  2400 F 9 chamber only 200 F f 

No appreciable trace contaminants were measured which could 
be toxic  t o  man. It is  considered t h a t  t h e  Hopcalite burner, 
Chemical/Bacteria/Radiation (CBR) f i l t e r  and t h e  humidity 
condensate effect ively removed and controlled the chamber at-  
mosphere t o  an acceptable level. 

The performance of the sodium superoxide (Na02) beds i n  
controll ing O2 was  very successful. This system provided t o  
be a very simple and easy t o  operate i n  control l ing the O2 
between l* and 21.5$. Control of C02 t o  below .75$ w a s  not 
always available f r o m  t he  NaO beds. Lithium hydroxide w a s  
used as a backup and its perf&mance w a s  very good. Certain 
improvements i n  t h e  NaO system should result i n  better C02 
control. 2 

The humidity underflow system was separated f r o m  t h e  water 
system I n  order t o  determine if it would be a ready source of 
potable water. The system included a bac te r i a  f i l t e r , i o n  ex- 
change and charcoal f i l ter .  Test results indicate  .the under- 
flow w a s  a very e f f ec t ive  remover of atmospheric contamination. 
However, i n  doing so t h e  condensate COD'S increased rapidly and 
required excessive changes i n  charcoal f i l ters t o  maintain t h e  
water standard COD. 



The waste system provided was a biologically-activated sludge 
system using an aerobic culture. 
is probably a closed ecological system, it did provide cabin 
contaminants which had t o  be controlled, both cheniical and 
biological. 
system there  is a narrow band within which it must operate. 
Proper aerat ion must be controlled with feed amount and r a t e  
to keep it betwen the anaerobic state and a condition of high 
NO2 generation. By continual monitoring of dissolved oxygen 
and exhaust gas n i t r i t e s  the system performed very well. 

In  keeping with the  waste system concept e f f luen t  from this 
system was u t i l i z e d  by the water system to provide potable 
water. Although the  f i l t r a t ion ,  c a t a l y t i c  oxidization and 
W s t e r i l i z a t i o n  performed as expected, considerable meinte-  
nance was required With the evaporator. 
from the waste system contained suspended solids, the evapo- 
r a t o r  and tubing required constant a t ten t ion  to ensure operation. 

Water usage during the  test leveled out  a t  approximately 26 
l i ters /day/5 men. 
indications were t h a t  the  crew could have comfortably managed 
on less. 
system and 237 liters from the humidity underflow. 
mately 435 of this water was rejected due to exceeding the  
bacter ia  limits of 25,000 t o t a l  count/ml, and 2.2 coliform/100 
ml .  It was found t h a t  contamination could and did occur a f t e r  
t h e  bacter ia  treatment in the potable water tanks. 
total water produced, approximately 459 was recycled f o r  crew 
drinking and personal hygiene. 

Realizing t h i s  type of system 

Development showed t h a t  w i t h  t h i s  pa r t i cu la r  

Since t h e  e f f luent  

This included a l l  bu t  the shower water, and 

'Mal water produced was 507 liters f r o m  the  water 
Approxi- 

O f  the  

A special ly  designed shower system was provided which used i ts  
own regenerated water. Soap and d i r t  were to be removed by 
f loc,  charcoal filter and ion exchange. !Chough the e n t i r e  
run there was always a problem of ensuring complete removal 
of the soap. 
obtained and the  system never performed up to expectations. 

The proper balance of l i m e  to  soap was never 

5.3 INFORMATION GAINED AND RECOMMENDATIONS I 
The successes and f a i lu re s  of this program have provided information 
and resulting reconnaendations f o r  the future. 
major areas foiiows; 

A. 

B. 

A summary of the  

Proved the concept of l i fe  support in a sealed atmosphere. 

Toxicological problems in a sealed atmoephere a re  greater than 
expected and integrat ion tes t ing  is the  only way to make final 
,judgment . 



C. 

D. 

E. 

F. 

G .  

11. 

1. 

J. 

K. 

L. 

M. 

Bacterial  contmunination i n  space can occur and system re- 
s t e r i l i z a t i o n  must be available.  

Humidity utlderf low effect ive cont,uninaiit remover, but  
questionable ready source of potzble water. 

Need standard6 of toxicological limits nxd e f f i c i e n t  quick 
methods f o r  measiiring. 

Personal hygiene equipnent cnn he sourcle o f  contaminants both 
toxic  and bacteria.. Must m a i n t a i n  strict control on a.13. 
designs. 

Need stRnda.rds  for water accepta'hi lity and t h e  necessary 
i;lonito.ring equipment. 

Need stmdards for  bacter ia  liv~its ?nd +,he necessary monitorin5 
equipr4ient. 

IIopcalite burner and. f u l l  s y s t m  f i l t r i l t io r l  ( s f m i l a r  t o  CER) 
is veqr effect ive -in control l ing t r a c e  gases and bacter ia .  

Proved t h a t  chemical (NaO2) is a very e f f ec t ive  and mechanically 
simple system f o r  Rtmospheric control.  The simplicity of this 
concept should be weighed versus r e l i a b i l i t y  of other  concepts 
during trade studies.  
minimum consideration given t o  use of t h i s  system f o r  emergency 
back-up, personnel short t e n  systems and t h e  l tke.  

Further trades should be made and a t  a 

Established t h e  control variables f o r  a biological  aerobic 
w a s t e  system. 
with water system. 
recovery system additional development is required i n  t h e  
separation of so l id s  p r i o r  t o  water treatment. 

These tests have resulted i n  considerable acquired knowledge 
i n  t h e  conduct of continual, long term manned tests. 

Future planners of long term tests should ser iously consider 
the time and procedures f o r  crew select ion and t ra ining.  

Consideration of t h i s  concept must be coupled 
To ensure an e f f i c i e n t  waste-water 



a . 0  DISCUSSION 

6.1 

6.1 

INTEGRATED SYSTEM 

A complete integrated l i f e  supp6rt system capable of 
providing l i f e  support for 5 men f o r  30 days was developed, 
designed, fabricated,  and instal led inside the Boeing 
var iable  a l t i t u d e  chamber for test. The first test attempt 
i n  July 1963 ended after 4* days because of crew i l l n e s s  
and a catastrophic equipment failure.  P r io r  to resumption 
of the second attempt a l l  subsystems were reviewed f o r  per- 
formance and modified as required to  insure r e l i a b l e  
mechanical operation. 
r e su l t i ng  i n  the subst i tut ion of many equipment fabr icat ion 
materials,  addi t ional  f i l t r a t i o n ,  and increased capacity 
a i r  c a t a l y t i c  oxidization. 
i n  March 1964 and was successful. 

Trace contaminant s tudies  were made 

The second attempt was s tar ted 

Discussed herein are a l l  aspects of the program including 
systems, technology, behavioral and medical and c l in i ca l .  
Individual development, subsystem and system tests, 
results, analysis,  conclusions, and recommendations are 
included. 
i n  order covering the two basic  periods: 

To assist the  reader, discussions are 

MESA I Chronological from program start March 1963 
up t o  and including the July 1963 attempted 
30 day manned test which ended after 4& 
days. Included are two system tests, a 
2-day 5-man checkout followed by the 30 day 
attempt . 

MESA I1 Chronological from the  end of the July attempt 
t o  the completion of the March 1964, 30-day 
manned t e s t .  Tncluded are two system tests - 
a L7-day integration (13 day Unmmned, 4 day 
manned) and the 30 day, 5 man test. 

SYSTEMS 

The integrated system selected for evaluation during t h i s  
program consisted of the following subsystems: 

A. Chemical atmospheric regeneration using sodium superoxide and 
l i thium hydroxide t o  maintain a 21/79 atmospheric composition. 

B. F i l t r a t i o n  and high temperature oxidization f o r  t race 
contaminant control. 

i 

I 



C. Outside cooled c i rcu la t ion  glycol heat exchanger f o r  tempera- e 
tu re  and humidity control. 

D. BioloKicfll act ivated sludge system for t r ea t ing  t h e  crew 
w a s t e  find supplying e f f luen t  f o r  water processing. 

E. Water treatment system using h igh  temperature c a t a l y t i c  
oxidation and mul t i - f i l t ra t ion .  

F. Regenerative mul t i - f i l t r a t ion  shower system and wash basin frr 
personal hygiene. 

G. Hot and cold water and storage boxes f o r  food preparation. 

H. Sleeping, ea t ing  and storage f a c i l i t i e s .  

Block diagrams of t h e  fntegrated Systems used on MFSA I and MESA I1 
F'rograms a r e  shown i n  Figure 1 and Figure 2 . 
Detail  system schematics can be found i n  Roeing Document @-90467-.1 
System Manual. 

All  equipment was i n s t a l l ed  within a sealed chamber capable of min- 
imum leakage. The atmosphere was h e l d  a t  a minimum of 2" H20 above 
t h e  outside ambient pressure. 

It should be noted t h a t  systems a re  not  optimized f o r  mission o r  
space. 
of man and systems. As an example the biological  waste system would 
be considered f o r  very long missions with a completely closed system 
and the  superoxide f o r  0, and C$ is considered f o r  sho r t  mission 
durations. Systems were not optimized f o r  weight, zero gravi ty  and 
in the most pa r t  fabr icated f r o m  commercial components. 

The MESA Program has demonstrated t h e  Integrat ion of Man w i t h  a 
Biological System and other  complex Chemical, Mechanical, and 
Electr ical  Systems in a closed environment. 

Keakage was made up by nitrogen. 

The in t en t  of t h e  program was t o  inves t iga te  tne  in te rac t ions  

When combining systems of various concepts ce r t a in  in te rac t ions  
between subsystems a re  experienced. 
one subsystem on another block diagram are  presented i n  Figure 3 

'Ib portray the  e f f e c t s  of 

through8 . 
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6.1.2 "RACE CONTAMINANT CONTROL 

MESA I - 6.1.2.1 

DEVELDPMENT 

"he approach to  t race  contaminant control  f o r  MESA I was 
tempered by three factors ;  1) the apparent freedom f r o m  con- 
tamination problems i n  previous chamber tests, 2 )  the re- 
ported Wide var ie ty  and high concentration of contaminants i n  
submarine atmospheres with no adverse e f fec ts ,  and 3) t h e  lack 
of experience in the closed system t e s t i n g  of t o t a l l y  integrated 
l i f e  support systems. 

In  a previous 7 day chamber test the resp i ra tory  system (sodium 
superoxide and l i t h i u m  hydroxide) was essen t i a l ly  the only 
self-contained system. 
covery m s  accomplished externally. 
in t h i s  test was very rapid compared with MESA I. 
carbon monoxide which could have resulted from smoking, arcing 
of carbon brushes on motors, etc., necessi ta ted one complete 
purge and a i r  change. 

The processing of waste and water re- 
The a i r  change experienced 

A buildup of 

It was recognized that  materials containing v o l a t i l e  solvents 
and materials exposed to elevated temperatures could contribute 
contaminants to the MESA I atmosphere. 
decided t h a t  none of the plywood furnishings should have pro- 
t ec t ive  o r  decorative finishes applied. 
materials exposed to high temperature environments was based, 
t o  a la rge  extent, on s u p p l i e h  maximum operating temperature 
limits. Most of these limits are established on a funct ional  
bas i s  r a the r  than on the temperatures a t  which contaminants a re  
evolved. In  ce r t a in  cases laboratory testing revealed that the 
materials selected were unsatisfactory f o r  the usage intended. 
A typ ica l  case being t h e  resin bonded g lass  f i b e r  thermal in- 
su la t ion  material  f o r  the Hopcalite heater  u n i t  and the high 
temperature adhesive With  which it was attached. 
was removed and replaced with a woven asbestos tape. 

For this  reason it was 

The evaluation of 

!This material 

Five elements i n  the system were expected t o  provide the  required 
a i r  purif icat ion.  
primary service in a i r  purification in addition to omgen produc- 
t i on  and C02 removal.. 
the most s igni f icant  sowce of contaminants, the  e f f luen t  gas 
stream from it was directed through a charcoal filter and then 
d i r ec t ly  into the sodium superoxide beds. The charcoal filter 
was i n s t a l l ed  to remove the essent ia l ly  non-reactive organic con- 
taminants and leaving the superoxide the job of oxidizing and/or 
absorbing t h e  acid gases and the  more reac t ive  organic species. 
The filter was a MSA No. CR-46727 car t r idge  f o r  a one man gas 
fume respirator .  It i s  approved by the Bureau of Mine f o r  this 
application. 
deep and weighed 93 gms. 

Sodium superoxide beds were expected to provide 

As the  was+,- d i s p s e l   lit vas considered 

%e carbon bed was 3 1/4 inches in diameter, 1 inch 
The f l o w  through the  u n i t  was 1 CFM. 

25 



A flow of 5 CFM f r o m  the gas stream emerging f r o m  the sodium 
superoxide beds was heated to 600°F and passed through a 
Hopcalite burner. This u n i t  was included t o  remove CO, % and 
oxidizable organics . 
ment and u t i l i z a t i o n  of Hopcalite burners on B-52 a i r c r a f t  in- 
dicated t h a t  even very re f rac tory  synthetic lubr ica t ing  oils 
could be removed from the atmosphere by such a u n i t  a t  600". 
The u n i t  consisted of a s ta in less  steel case, one Hopcalite filter 
assembly MSA #SM CV8644, four 950 watt Calrod e l e c t r i c a l  heating 
elements, and a temperature indicating controller.  The Hopcalite 
filter assembly consisted of s t a in l e s s  steel frames and hardware 
cloth, glass scrim cloth, f e l t e d  AA glass f ibere  and approxhately 
6 pounds of catalyst .  The assembly was 11 1/2 inches square and 
1 1/2 inches deep. 

Previous b e i n g  experience in the develop- 

A platenized alumina c a t a l y t i c  oxidizer bed operated a t  1100" was 
incorporated into t he  water systeln to convert contaminants fron 
from the evaporator into harmless products. It was ant ic ipated 
t h a t  acid gases which m i g h t  r e s u l t  from this treatment would be 
col lected in the condensed water and removed in  the ion exchange 
system. 

Tvlo W lights were placed in the resp i ra tory  system a i r  stream 
for purposes of control of airborne microorganisms. 

!Wo portions of the a i r  conditioning resp i ra tory  systems provide 
assis tance i n  the  control  of contaminants as a secondary f b c t i o n .  
The condensate formed in the a i r  conditioning heat  exchanger 
col lected water soluble gases f r o m  the air conditioning stream; 
the s i l k a  ge l  beds i n  the resp i ra tory  system processed all of the 
a i r  passing through this system both a t  i n g r e s s  and egress. 

The arrangement of the a i r  pur i f ica t ion  system is shown in 
Figure 9 .  

srsm TESTS 

During the  two day manned run, overheating occurred i n  the 
Hopcalite unit ;  the temperature r i s i n g  t o  above 850°F. 
this period the insulation scorched and, undoubtedly, the gasket 
materials decomposed. 
accompanying i r r i t a t i o n  of the eyes, nose and throat.  
odor8 were observed in the toilet area. 
reported nausea o r  other  symptom which might be re l a t ed  to con- 
taminants 0 

Ihr lng 

?he result was a very I r r i t a t i n g  odor with 

None of the crew members 
Ammonia-like 

Eydrogen developed in the  sodium superoxide beds increased in 
concentration in the cabin t o  a maximum of 0.3 5 as  shown in 
Figure 10 . 
Ropcalite unit a t  times. The large by-pass r a t i o  (from 2-6 to 1) 
and the wide temperature var ia t ion  i n  the Hopcalite unit (f'rom 
129OF t o  approximately 600°F) kept this unit f r o m  cont ro l l ing  the 
hydmgen. 

!he data indicated s ign i f i can t  reduction across the 
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0 The ra the r  constant CO concentration i n  the cabin, (about 
13 ppm), Figure 10 presents a problem. 
readi ly  have been t h e  p a r t i a l  oxidation of organics in high 
temperature environments. However the data d id  not show a 
reduction tr zero across the Hopcalite. One posoiole ex- 
planation of this could he the  p a r t i a l  oxidation oi gasket 
materials located between t h e  3opcalite bed and the sampling 
por t  o r  a s imi la r  f a t e  to t h e  Neoprene sampling tube. 

'lhe source could 

In the  intended 30-day run, the  buildup of contaminants as 
evidenced hy both analyses and subjective observations of odor 
proceeded qu i t e  rapidly. 
agreeable, sickening odors were reported by several  members of 
t he  crew. 

By t he  end of the second day dis- 

The i n a b i l i t y  t o  control  the temperature t o  t h e  s i l i c a  g e l  
driers with the configuration or ig ina l ly  i n s t a l l e d  for t h e  
2-day test required t h a t  the  Hopcalite temperature be heLd 
to a maximum of 350°F. 
ef fec t ive ly  control  .hydrogen which was again being introduced 
f r o m  the react ion of aluminum and the superoxide chemicals. 
F'igurell provides a history of hydrogen concentration. 

This temperature is not  high enough to 

When it became apparent t h a t  t he  build-up of odors was increasing 
and causing distress to the  crew the waste reac tor  was a s t rong 
suspect. 
ac tor  e f f luen t  gas stream t o  pass d i r ec t ly  from the  charcoal 
filter th ru  t h e  Hopcalite unit .  
po ten t ia l  removal of contaminants f r o m  the waste system by the  
superoxide but  a l so  eliminated the by pass around t h e  Hopcalite 
burner. 

The configuration was changed to allow the waste re- 

This action eliminated any 

This did not appear to o f f e r  improvement. 

There was no appreciable build-up of CO during the test. 
were found i n  the  cabin and up to 2 ppm in  some of the systems. 
The a i r  processed by the  Hopcalite unit read zero w i t h  respect  t o  
t h i s  gas a t  a l l  times. 

Traces 

Although it was not sampled for  duringthe test, 0.2 ppm of' NO 
were detected i n  the cabin shor t ly  after the abort. 
showed that the a i r  stream f r o m  t he  air-water separator  in the  
water system contained up to  several hundred par ts /mil l ion of 
NO e Thus t he  c a t a l y t i c  oxidizer  Fn t h i s  system was oxidizing 
N G  to  N% a t  rate higher than the condensed water would remove 
ite 
t h i s  system did not  perform properly. 
a t o r  was transferred to  the ca t a lys t  where it charred with the 
evolution of unpleasant odors. 

Later tes% 

It m s  &LEO fgmd +-ha+- +-he level control arrangement in 
Effluent from the  evapor- 

The humidity underflow condensate system scrubbed gases and/or 
pa r t i cu la t e  matter f r o m  the  atmosphere. This was readi ly  in- 
dicated by the  yellow color of the  condensate. Unfortunately 
no chemical analysis  of t h e  unprocessed water was made during 
the test. 
not  be  evaluated. 

Therefore the  effectiveness i n  a i r  pu r i f i ca t ion  could 
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e The s i l i c a  gel d r i e r s  i n  the respiratory system a.Lso acquireti 
a very y e L 1 . J ~  color indicating t h a t  t h e y  could absorb and re- 
tain contaminants. 

I t  was concluded t h a t  t r ace  contaxinants played a s ign i f i can t  
r o l e  i n  the discomfort of tile crew and tne ear ly  terininatiori 
of t h e  test. Although the causative species were not i.rlenti- 
f i e d  it was apparent t h a t  there were n a t e r i a l  sources and t h e  a i r  
purif icat ion concept was inadequate. 

6.1.2.2 MFSA I1 

The presence of obnoxious odors i n  M G A  i, the i! L-tiealth of 
the subjects ana t h e  data developed In the toxicological post 
tests h l i c a t e d  t h a t  t h e  contra1 of t race contaminants was a 
very s ign i f i can t  problem area. Therefore, a comprehensive t r a c e  
contaminant management program was implemented. %it program 
had four key features:  

A. 

R. A c r i t i c a l  review i)f the materials and environilients i n  all 

C. 

Pie development of c r i t e r i a  f o r  classif'ying materials a s  
useable o r  unuseab le. 

systems t o  eliminate contaminant sources. 
The development of requirements f o r  and conf ibva t ion  of an 
a i r  purif icat ion system t o  remove contaminants produced by 
man, materials of' construction, and chemical and microoio- 
logical  reactions. 

overboard venting i f  interactions went beyond the bounds 
allowed. 

D. The a l t e r a t i o n  of cer ta in  c r i t i c a l  systems t o  allow for  

Cr i t e r i a  f o r  C h  ssi fying Materials 

1. 

2. 

3. 

I+. 

Know ill ef fec t s  on personnel from t h e  same o r  similar 
formulation ir a%craft  systems. 
t n e  nausea reported by p i l o t s  using oxygen carr ied thru 
neoprene l ines .  

A t yp ica l  example being 

Known physiological compatibility. The success of s i l i cone  
rubber implants and the completely non-allergenic nature of 
nylon indicate t h a t  these basic materials are probably not 
L .. ..- -a .̂. .. uabai uuw 

Knowledge of chemical composition and s t a b i l i t y .  
material  of t h i s  type is Teflon. This polymer has a constant 
composition, i.e., it is  not formukited with p l a s t i c i ze r s ,  
anti-oxidants, etc.,  and the thermal s t a b i l i t y  and t o x i c i t y  
have been thoroughly studied. 

A t y p i c a l  

The presence o r  absence of odor under the actual  environment 
t o  which the material w i l l  be exposed. Odor is  a p r a c t i c a l  



though qua1 i t a t i v e  indication of' the re lease  of' volati lc 
contawinates. Odors may resirl. t from res idua 1 solvents,  
thermal degradation nroduc ts, cherrical reaction, subl i -  
mation o f '  so l id  chemicals, o r  frcm desorption of gas 
adsorbed during an earlier environment. 

Ul.traviolet adsorption. The col lect ion of' a yellow, oi ly  
substance in the humidity underflow water i n  ;41.:SA i in- 
dicated 8 possible correlat ion between t h e  op t i ca l  cier,sity 
of a water ex t rac t  and a potent ia l  contaminate source. 
t4iterial.s yieldiw opt ica l  dens i t ies  higher tnan 10 were 
reJected on suspicion. For many cormrcial organic !raterial= 
t h e  formulation is  unknom. The eliminatior, of' such question- 
able  materials solved two problems, F i r s t  t n e  elimination of 
extensive laboratory t e s t In8  and second, tkie probleo Qf 
identifying w h a t  ha6 been tested. 

The :letailed na t e r i a l  changes r e su l t i ng  from t h e  application of' 
t he  c r i t e r i a  t o  the various systems are  tabulated on the followirie 
pages 
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The development of the  a i r  pur i f ica t ion  system f o r  M E A  I1 was 
based on a very conservative engineering philosophy. The de- 
sign object ive was t o  completely remove all airborne contami- 
nants as rapidly as they were generated and to accomplish t h i s  
with proven components. 
quirement for the  massive transport; air through a high eff ic iency 
prime pur i f i ca t ion  unit. The second indicated that sodium super- 
oxide could not be considered a s  a prime mater ia l  f o r  maintaining 
a contaminant free atmosphere. Since the ac tua l  i den t i ty  of the 
possible  contaminants could not  be defined, the  se lec t ion  of proven 
components had t o  be based on efficiency and v e r s a t i l i t y  i n  other  
applications. For these reasons it was determined t h a t  the  basic  
a i r  pur i f ica t ion  u n i t  should meet as a minimum, the  United States 
A i r  Force B a l l i s t i c  Missile Division specif icat ion requirements 
f o r  filters f o r  underground launch sites. It was a l so  determined 
t h a t  t h i s  filter should be la rge  enough t o  handle the  e n t i r e  a i r  
flow of the  Air Conditioning System (600 CFM). 

The f i rs t  objective d i c t a t ed  a re- 

The u n i t  selected for this purpose was a Mine Safety Appliance 
Company, Chemical-Biological, Radiological ( CBR ) filter #CU-9240 
with a capacity of lo00 SCFM. 
components : 

The uni t  cons is t s  of three major 

1) 
2)  
3) 

A steel frame to hold the filter elements. 
A MSA Ultra Aire Space Filter element f o r  pa r t i cu la t e  matter. 
Chemical element f o r  gaseous matter. 
The e n t i r e  assembly measures 24" x 24" by 22 1/4" deep. 

The Ultra  Aire F i l t e r  is a self-supporting "honeycomb" type 
fabricated by p lea t ing  a continuous sheet of an all glass 
microfiber, water resistant medium. 
dividual ly  tested with 0.3 microw pa r t i c l e s  of di-octyl  phiholate 
i n  accordance with Chemical Corps Standard MILSTD-282 and c e r t i -  
f i e d  to be a m i n i m u m  of 99.975 ef f ic ien t .  

Each filter element i s  in- 

The chemical element is folded, perforated steel sheet designed t o  
hold approximately 43 pounds of activated coconut-base charcoal i n  
a uniform bed depth of 3/4 inch. The charcoal is "iodized" with 
4% potassium iodine and 2$ iodine to improve the  effect iveness  
against  inorganic acid gases. 

Performance Data a t  ra ted  flow (lo00 CF'M) (MinFmum time f o r  f i rs t  
penetrat ion a t  300 PpM feed)  

Specification Requirement M.S .A. TEST DATA (m i c a l l  
GAS MINUTES MINUTES 
CC14  

c12 
so2 cc14 

60 
20 
1 5  -- 

190-270 
2 0 - 2 2 1  Tested in Sequence 
14-15 on same filter. 
65-75 

The CBR filter was located a t  the i n l e t  to the  a i r  conditioning 
system. 
residence t i m e  of the a i r  in the  filter and thus provided po ten t i a l  
f o r  improved performance. 

The operation a t  less than ra ted  flow r a t e  increased the 



The incorporation of t h e  CRII f i l t e r  d i d  not s a t i s f y  al L ol 
the requirements f o r  a t r ace  contaminant f r e e  atmosphere. 
The i n a b i l i t y  of activated carbon t o  r e t a in  ce r t a in  contami- 
nants known t o  be produced by man and p s s i h  1.y bjr equipment 
imposed a need f o r  an additional prime system. Sarbon m n -  
oxide, hydrogen and methane, a l l  major consti tuents i n  f l a tus ,  
a r e  typical  contaminants which can not be control led by carbon. 
Fortunately c a t a l y t i c  systems f o r  t h e  conversion of' siict' gases 
to carbon dioside and water have been well developed and woven 
i n  a wide vaxkty of services. 
of manganese and copper w i l l  quantitativeLy convert CO t o  CO=, a t  
temperatures a s  low as  0°F. 
b e i n g  Company and t h e i r  subcontractor, t h e  United States  
Bureau of Mines, Rruceton, Pennsy1.vania had established triat 
Hopcalite, operated a t  high temperatures could catalyze t h e  
oxidation of extremely refractory high molecular weight organic 
compounds (diester lubricating o i l s ) .  Mine Safety Appliance 
Company working w i t h  The Emeing Company developed and qua l i f i ed  
HoDcalite f i l t e r  uni ts  to meet t h e  requirements f o r  t h e  3-52 
Airplane. 'hey supplied units t o  o u t f i t  t h e  e n t i r e  B-52 fLeet. 
Since t h a t  time numerous other Aircraft and submarine weapon 
systems have used high temperature Hopcalite Units f o r  a i r  puri- 
f ication. High temperature Hopcalite Units a r e  a l so  widely used 
indus t r i a l ly  f o r  tine oxidation of t r a c e  hydrocarbons i n  a i r  
u t i l i z e d  for  a i r  l iquefaction and separation and f o r  hydrogen 
elimination. 

Hopcalite, a mixture of oxides 

Pioneering researcn e f f o r t  by "lie 

The w e l l  established performance and v e r s a t i l i t y  of t h i s  c a t a l y s t  
system j u s t i f i e d  i ts  retent ion as a prime method of removing con- 
taminants evolved from t h e  waste system and f o r  t h e  removal 01' 
major f l a t u s  gases f r o m  t h e  cabin a i r .  

The select ion of a proper operating temperature posed a dilemma 
whicn could be solved only by compromise. The dilemma resulted 
from confl ic t ing requirements with respect to ammonia and methane. 
b e i n g  laboratory tests had indicated t h a t  between 650°F and 
730°F, NH an expected product from t h e  waste reactor,  was a t  
l e a s t  par&ally oxidized to NO2 w i t h  increasing yields  8s t he  
temperature was increased. Mine Safety Appliance Company data, 
Figure 12 disclosed t h a t  CS, a product from f l a t u s  o r  an anaerobic 
reactor, required temperatures approaching 900" F f o r  t o t a l  oxi- 
dation and with very l i t t l e  conversion below 6 0 0 " ~ .  
operating temperature of 6 0 0 ' ~  was arr ived a t  i n  t h e  following 
manner : 

The selected 

1 )  It was found t h a t  NH was e f f ec t ive ly  absorbed in moist 
indicating s i l i c a  ge? and reacted with t h e  cobal t  chloride 
indicator  t o  form a deep blue color. ?he change from pink 
back to blue thus indicated the  f r a c t i o n  of t h e  bed which 
was saticrated. Therefore a 2 1/b inch diameter 20 in. long 
s i l i c a  ge l  bed, enclosed i n  a transparent ac ry l i c  case, was 
incoqmrated i n t o  the  waste r eac to r  system between t h e  con- 
denser and the Hopcalite Unit. 
t h e  a i r  purif icat ion system. 

This bed was an element i n  
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3)  Examination of the production ro t e  of methane i n  
f l a t u s  indicated t!iat this gas would not reach a 
high enough concentration in  150 man days to be 
a problem if there were no other sources. Fowever, 
i f  t h e  waste reactor  became anaerobic f'or any ex- 
tensive time period t h e  methane concentration coiil.? 
increase rapidly. 
were implemented t o  eliminate t h i s  source. Tkrefore, 
the extremely high temperature requirement f o r  methane 
was removed. 

Design and operational- nrovisioris 

3 )  The K5A data FigureD demcnstrates t h a t  t h e  other a l i -  
phatic hydrocarbons were complete1 y oxidized below 
603'F'. I t  a.Lso demonstrates t h a t  unsaturation and i n -  
creasing molecular weight generally decrease the tempera- 
tiire requirement. 

The Hopcalite *anit consisted of' 6 basic elements: 

1 )  A s t a in l e s s  s t e e l  case 
2 )  Tdo Calrod heating elements wired i n  p a r a i l e l  - 950 watts 

each. 
3)  Two Hopcalite f i l t e r  assemblies blSA ,/SI4 CV ,6444 arrangeli 

i n  s e r i e s  
4) A chromel-alumel thermal element located between t h e  +,wo 

f i l t e r  assemblies 
5 )  A West Instrument Corporation Gardsman pyrometric con t ro l l e r  
0) A s t a in l e s s  steel  a i r  to a i r  heat exchanger. 

'Eie Hopcalite f i l t e r  assemblies consisted of s'tainless s t e e l  
frames and hardware cloth, glass  scrim cloth,  f e l t e d  AA glass 
f iber  (no binder) and the catalyst .  Each assembly was 11 1/2 
inches square and 1 3/4 inches deep and contained approximately 
6 pounds of catalyst .  

"he pump delivered a room temperature flow to t h e  u n i t  of 9.5 CFM 
of wnich approximately C.07 CF'M came from t h e  reactor  and t h e  
balance from t h e  cabir .  
being heated t o  600°F increased t h e  volume f l o w  t o  about 17.5 CFM 
across the beds. 
the ca t a ly t i c  reactor  was about 5OOO reciprocal  hours. 

7% .ier?-r?nse ir. density of the a i r  upor 

Thus a t  t h i s  condition t h e  space velocity ir, 

During the laboratory t e s t i n g  of the Hopcalite u n i t  a f t e r  MESA I, 
it was found t h a t  room a i r  passed through heated u n i t  acquired a 
very unpleasant odor. A review of the post MESA I chamber tests 
revealed t h a t  the Hopcalite Unit had been operating during a 
sampling period when a large volume of F'reonhd been released in  
t h e  chamber. As it is w e l l  known t h a t  the Freons have an  adverse 
effect  on Hopcalite, new c a t a l y s t  was obtained. The f i l t e r  
assemblies were unloaded, cleaned and repacked with a l l  new 
materials. 

Further t e s t ing  of the system with the new c a t a l y s t  revealed t h a t  
NO2 was evolved a t  temperatures a s  low as 345°F and concentratiocs 
of 40 to 50 ppm appeared a t  temperatures around 6 0 0 " ~ .  Since no 



similar  problem hac1 ecer been experienced w i t h  tile R-5; f i l t e r  e 
units, Mine Safety Appliance Company was contacted and t i le i r .  
ass is tance requested. 
come to their a t tent ion a few moritis before anti nad been the 
subject of consicierab1.e research. The cause hau been ident i -  
f i ed  a s  a batch of ca t a lys t  containing a small amount 0: 

ammonium n i t r a t e  which decomposed a t  elevated temperatiires t o  
yield NO,,. 
had tJeen'-use? in  the uni ts  supplied f o r  K f S A  I an? r,arl i n -  
advertently been supplied as the replacement material. 
delivered a ca t a lys t  from a non-contaminated batch. 
cautionary measure, they passed 650°F a i r  trlrough the tiopca; i t e  
f o r  $+ hours a t  wriich t i m e  only a t r a c t  of NO2 COULC., oe detected. 
b e i n g  laboratory tests u t i l i z i n g  a tube furnace aiL6 scaled a i r  
flow, on t h i s  batch showed no NO2 below 4?7"F, 0.1 ppm a t  520°F 
and 1.0 ppm a t  6 0 0 0 ~ .  

They advised that a s imilar  probler Ilari 

'Their tracing showed t h a t  t h i s  contaminated c a t a i y s t  

They then 
As a pre- 

NO2 could a l so  a r i s e  from the equilibrium reactions, 
N 2  + 0, e 2N0 (EQuilibrium data is shown i n  Figure 13 ). 
and 2N0 + 02 3 2N02. 

The approach to equilibrium is dependent on flow ra t e ,  c a t a l y t i c  
eff ic iency and the quenching r a t e  and therefore the configuration. 
It was concluded t h a t  the actual  u n i t  must be tested.  The f i l t e r  
assemblies were repacked w i t h  the new Hopcalite and the en t i re  
u n i t  was reassembled. 
and t h e  processed a i r  had a very dean odor. 

Testing revealed no detectable NO2 a t  GOOOF 

A t  approximately t h e  same time period, it was discovered t h a t  the 
waste reactor  was also a source of NO2. 
conditions the p H dropped and organic nitrogen was converted t o  
NO2 r a the r  than NH . 
the s i l i c a  gel  bed introduced f o r  the control  of ammonia was also 
e f f ec t ive  against  N02. Further tests showed t h a t  No3 could b e  
captured i n  the sodium superoxide. 
another known source of NO2, had been vented overboard, it was 
concluded t h a t  NO2 could be controlled. 

An aux i l l a ry  portion of the a i r  purif icat ion system re l a t ed  t o  
the waste system was an activated carbon f i l t e r  located down- 
stream of t h e  Hopcalite unit .  
num case, an unbonded glass  f i b r e  par t iculate  f i l t e r  and 
r i t tsburgh Chemical Company's PCB coconut nut s h e l l  base act ivated 
carbon. 
inches deep. 
and higher, a i r  reacted with the  carbon t o  produce CO. Although 
t h i s  was approximately 40" higher than the o u t l e t  temperature of 
t he  Hopcalite it was decided t o  separate the two un i t s  with about 
12 feet  of aluminum ducting. 
down t o  approximately ambient (75" F) . 

Under highly aerobic 

NO gas was introduced i x t o  t h e  e f f luen t  
a i r  stream under taese conditions. 2 Laboratory tests showed t h a t  

Since the water sys t em,  

This u n i t  consisted of an alumi- 
-. 

The bed was 16 inches long 3 314 inches wide and 6 
Experiment showed t h a t  a t  temperature of 200'F 

This brought the  a i r  temperature 
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"he Ultra-Violet l i g h t s  i n s t a l l ed  f o r  t h e  control  of airborne 
micro-organisms i n  MESA I were retained a s  components of t h e  
a i r  purif icat ion system. 
pected to es sen t i a l ly  remove any requirement fQr these units. 
However, it was desired to obtain information on t h e i r  per- 
formance i f  possible. 

A charcoal f i l t e r  was in s t a l l ed  i n  t h e  command console. 
u n i t  was intended to remove contaminant,; which might be placed 
in  the consoles cooling a i r  by overheated e l e c t r i c a l  insulations.  
The bed was  9 inches long, 7 3/4 inches wide and 3 3/4 inches 
deep. 
and FCB activated carbon. 
mated as 110 CWI. 

The incorporation of t h e  CBR w a s  ex- 

Tnis 

It contained an unbonded fiber glass pa r t i cu la t e  f i l t e r  
The flow through t h e  u n i t  was esti- 

The remaining component spec i f i ca l ly  included f o r  the control  
of t r ace  contaminants was  a s i l i c a  g e l  f i l t e r  i n s t a l l e d  i n  the 
foam separator seal vent l i n e  of t h e  w a t e r  system. 
was to prevent NH 

diameter and 20 inches long. 

Its purpose 
from being transported to  t h e  Hopcalite u n i t  

in the  event of s 2 a1  leakage. The uni t  was 2 1/4 inches i n  

Several elements of the  other subsystems contributed to a i r  
pu r i f i ca t ion  as a secondary function. 

The metabolic water condenser allowed an opportunity f o r  scrubbing 
water soluble gases f r o m  t h e  e n t i r e  air  conditioning flow. 
dict ion of t h e  purif icat ion performance could not be made without 
knowledge of tne nature and concentration of gases passing through 
t h e  CBR filter. 

Pre- 

The s i l i c a  g e l  drying beds i n  the  respiratory systems had 
demonstrated i n  MESA I t h a t  they had the capabi l i ty  of acquiring 
and r e t a in ing  organic contaminants. 
dict ion was possible without knowledge of contaminants enter ing 
the driers. 

Again no performance pre- 

The sodium superoxide and l i thium hydroxide beds could be 
ant ic ipated to effect ively r eac t  w i t h  acid gases. 
oxidation of ce r t a in  organic species by NaO;! might be hypothesized, 
there was inadequate data t o  substantiate t h i s  as a proven puri-  
f i ca t ion  system. 

Although 

The locat ion of the  components i n  the a i r  pwi f i ca t ion  system 2s 
shown i n  Figure 14 . 
Provisions were made f o r  t he  overboard venting of tm system3 
which were c r i t i c a l  sources of contaminants. Post MESA I tests 
showed t h a t  high concentrations of NO2 exis ted i n  the exhaust 
a i r  stream from the  air-water phase separator. This product 
w a s  formed from the  oxidation of NH3 i n  t h e  1100°F plat inized 
aluminum c a t a l y s t  bed. lb eliminate t h i s  source, the  system 
was provided w i t h  two small high pressure oxygen b o t t l e s  to be 
used i n  place of cabin a i r  and a continuous overboard vent. 
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?I:e waste system was equipped w i t h  a provisional. external  
e 

a i r  supply arid overboard vent. The purpose of'  t h i s  modi- 
f i ca t ion  was two-fold. i n  tne event tne reactor. became 
anaerobic it could be expected t o  produce up to 2 cubic 
fee t  of methane a day and s igni f icant  amounts 01. hydrogen 
sulphide. "here vas no portion 01 the a i r  pur i f ica t ion  
system designed t o  remove methane ant1 poisonir!g of the  
tlopcalite ca t a lys t  by excessive hydrogen s.dDliiiie was a 
p s s i b i l i t y .  On t h e  otner  nand i f '  t h e  sys tems became too 
hign'ly aerobic and the production of t n e  110, could not  be 
controlled the  concentration of' t n i s  gas might becvme 
sic;nif icant. 
i n  both t h e  anaerobic and hy-peraerobic condition. 

Thus the  overboard system pruvidec! f o r  control  

In  smnary, the t race  contaminant managemen?, nrogram attempted 
t o  provide an atrmsphere f r ee  of toxic substances b y :  

A. Uimination of material  sources oi' contaminants 
B. 
C. 

A i r  pur i f icat ion u t i l i z i n g  proven concepts and equipment 
Design changes t o  decrease the contamination problems 
a r i s ing  3rom tne  processing of human wastes. 
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A. 1 . 7  Day Integration T e s t  

D a t a  on the performance of the system w a s  acquired by measuring 
concentrations of various gases at the s t a t ions  ident i f ied  on 
Figure ; chemical analysis of water samples from the 
humidity underflow system, and subjectively,  by odor. 
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A special  test configuration i n  which the  CBR f i l t e r  w a s  removed 
from the  system was included f o r  a spec i f ic  evaluation of t h i s  uni t .  
Other special  conditions involved the overboard venting of the 
reactor and modifications t o  the temperature se t t i ng  f o r  the 
Hopcalite uni t .  

From a subjective standpoint the  performance of the system wi th  
a l l  uni t s  operating was excellent.  There were three ident i f iab le  
pieces of equipment which produced odors: 

1) The organic finish on the air conditioning blower motor. 
This vas a new motor w i t h  a 60 C temperature r i s e .  
case w a s  hot a d i s t i n c t  odor of drying oil w a e  emitted. 
odor coulu only be detected i n  very close proximity t o  t h e  
motor. 

When the 
The 

2) A faint "hot metal" odor permeated the insulation on the  
Hopcalite un i t .  
v i r t u a l l y  i n  contact with the  insulat ions cover. This 
odor disappeared in a short  time. 

Hydrogen sulphide was noticed a t  the  clean water tank on the  
shower system during the manned portion of the t e s t .  
probably came from anerobic bac te r i a l  ac t ion  on skin wastes. 
The hydrogen sulphide could be sensed only near the source even 
though in can be detected by odor in very minute concentration 

Thismuld only be detected with the  nose 

3 )  
This. 

Odors were present f o r  short  periods of time following accidental  
eff luent  s p i l l s  a t  the water system. 

Alcohol odors were present for  short t i m e  periods when the  70$ 
alcohol used for s t e r i l i z a t i o n  of components of the  water system 
was being drained from the  systems. 

Pr ior  to  the manned portion of t he  test the only s igni f icant  contaminant 
peak appearing on the gas chromatograph of the cabin a i r  (Stat ion 1) 
was ident i f ied  as e thyl  alcohol. 



The chemical analysis of t he  humidity underflow water a t  a l l  
* 

times revealed the  presence of oxidizable chemicals (presumed 
t o  be organic) and NO2 . 
apparently passing through the CBR f i l t e r .  
was discovered condensate t ha t  collected i n  the drop pan was 
not separated from water condensed from a i r  processed by the 
CBR f i l t e r .  Therefore, the concentration of organics and 
NO2 in the humidity underflow water did not t r u l y  represent 
the purif icat ion resulting from t h e  CBR f i l ter .  
condensates were p w s i c a l l y  separated, sampled and ident i f ied.  
This separation did not eliminate the chemical oxygen demand 
(COD) and the NO2 in the  CBR condensate. 
concentration difference between these two condensates was evident. 

Thus some chemical species were 
During day 3 it 

The two 

However, a s igni f icant  

During day 7 of the t e s t ,  the planned configuration change, i.e., 
the removal of the  CBR f i l t e r  from the air pur i f ica t ion  system was 
accomplished. 
crew member from MESA I reported that the odor i n  the chamber was 
just  like MESA I but without the sweet smell." This odor was 
-ecognized as NO2 by a chemist. Concentration measurement w i t h  a 
Kittigawa detector tube indicated 0.15 ppn NO2 i n  the cabin air  
; L t  t h i s  time. A n  intensive program of chemical sampling of the 
air  from various s ta t ions  t o  ident i fy  sources and concentrations 
was conducted. A similar program of frequent sampling and chemical 
analysis of condensate water was carried out.  
the concentration in the cabin air rose rapidly t o  a equilibrium 
value of approximutely 0.35 ppm with a single maximum of 0.47 and 
a minimum of 0.20. 

After a very short  period of time ( 3  hours) a 

As shown i n  FQwe 15a 

The air  flowing out of the  Hopcalite uni t  contained NO2 f r o m  the 
cabin and a l l  other known sources; i .e. the waste reactor  and the  
Hopcalite un i t  itself. 
9 shoved that the  average concentration a t  t h i s  s t a t i o n  w a s  0.62 ppm. 
The average concentration of t he  cabin air entering the  un i t  was 
0.36 ppm. 
f o r  the day. 
of air  and multiplying by the volume flow i n  l i ters /mln.  and the 
number of minutes in a day indicated a t o t a l  addition t o  the  
atmosphere of 200 mg of N02. 

During t h i s  same time period the water condensed in the  humidity 
underflov s y s t e m  had an average concentration of 78 mg N02/liter 
of water. 
i n  t h i s  day. 
produced by the known sources. 
t o  be nitrogen f ixa t ion  i n  the hydrogen flame which w a s  being u t i l i z e d  
f o r  sinniLating the metabolism of 4 men. The hydrogen was being 
burned in 831 air  r i c h  Bunser type burner. The equilibrium data for 
the  N 2  + 0 2 S 2  NO reaction, Figure 13 indicate  t h a t  t h i s  reaction 
is thermodynamically feasible .  
would be dependent on the kinet ic  parameters such as flow rate, 
residence time, quench rate and possible catalysis. 

Examhiition of the data from t e s t  day 

Thus the air contribution from t h i s  source was 0.25 ppm 
Converting t h i s  concentration in to  equivalent */liter 

ApproxllPately 4.15 l i t e r s  of water were condunsed 
Thus the  water collected 320 mg of NO2 or  160$ of that 

The additional source is hypothesized 

The approach to equilibrium values 
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The effectiveness of t he  humidity underflow system removal of water 
soluble contaminants w a s  w e l l  demonstrated by the  acquis i t ion of 
NO2 . 
concentration by 2.6 ppm7day. 

The 320 mg. of NO removed w o u l d  han incressed the cabin 

The s i l i c a  g e l  f i l t e r  located downstream of the waste reactor  
removed between 50$ and 97% of the NO2 delivered t o  it. 
most e f f ec t ive  a t  high concentrations. 
great value i n  t h i s  application. 

It w a s  
This u n i t  thus proved of 

The increase i n  NO2 across the  Hopcalite u n i t  m u s t  be credited t o  
ca t a ly t i c  oxidation of elemental nitrogen. The location of the 
thermal sensing element between the beds, the high capacity heaters, 
and e f f i c i e n t  heat exchanger led t o  a high thermal l a g  in the  
system. This resulted in maximum temperatures of ,150 F and m i n i m u m s  
of 520°F on a 600'F setting. 
NO2 appeared above 650"~ and disappeared below 550°F. 
t o  the deactivation of one heater  (950 watts) on day 11 of the 
test .  This decreased the temperature range t o  between 650°F and 
540°F. NO production was s t i l l  noted i n  t h e  high temperature 
range. A $ha1 configuration and operational change was made on 
day 13. "he two heaters were connected i n  series thus lowering 
the parer t o  475 watts, and a s e t t i n g  of 5W°F was established. 
With t h i s  configuration the temperature cycled between 4 2 0 9  and 
503 OF. 

Previous lab tests had indicated t h a t  
"his led 

On day 10 the Hocalite heater was shut off  but the blower was l e f t  
operating. 
or decomposed NO2. 
of the inlet air. This e f f ec t  is shown by the  resul t ing decrease 
i n  cabin concentration i n  Figure 1% 

As t h e  temperature dropped t h e  c a t a l y s t  e i t h e r  adsorbed 
The processed air concentration was only 16% 

. 
The CBR f i l t e r  was r e ins t a l l ed  on day 10. 
both NO2 concentration and 
was dramatic evidence of t he  capabili ty of t h i s  u n i t  t o  contmlboth 
organic and acid contaminants. P r io r  t o  t h i s  time these was no 
available data on the  performance 
activated charcoal shows l i t t l e  retention for t h i s  gas the result 
must a r i s e  from reaction with the iodizing chemicals. H V  15b. 

The rapid reduction i n  
C.'O.D. of the humidity underflow water 

of such a u n i t  with NO2. Since 

Three "contamination events" occurred during the  4 day manned run. 
One was the rapid bui ld  up of methane shown on Figure 16 
high production rate was probably due t o  a normal d i e t .  On day 16 
a strange &or was reported 3y ~12% me~bers. 
chamber and noted the  odor immediately upon entering the  air lock. 
The odor was not evident in the l iving o r  sleeping quarters. 
"sniffing" revealed the source as an open container of medicated 
foot power (Desenex) on a shelf  i n  the first aid room. This was 
located d i r e c t l y  i n  the draft of an air vent. Removal of the can 
from the  chamber eliminated the odor. 
one of the crew members noted a "rotten egg" odor i n  the v i c i n i t y  
of t he  sharer water s t e r i l i z a t i o n  tank. This was i den t i f i ed  a f t e r  
t he  test was completed as hydrogen sulphide. The source was 

. The 

A c h e ~ i s t  entered the 

Careful 

During the  last day of t h e  test 
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presumed to  be a e r o b i c  bac te r i a l  action on wastes from the  skin. 
This was believed due t o b n g  time storage of the charcoal car t r idge 
i n  a wet condition. The charcoal h a  not been s t e r i l i z e d  and acted 
as a bac te r i a l  host. To eliminate t h i s  as a problem i n  the j0 day 
t e s t  a procedure was implemented f'or s t e r i l i z a t i o n  m d  fo r  we of 
an overboard system i f  required. 

A t  the  conciusion of t he  t e s t ,  various elements of the systems 
were removed inspected and replaced o r  repacked, The respiratory 
s i l i c a  gel  f i l ters showed a yellow color on both the top and the 
bottom of the beds .  This demonstrated t h a t  these b e d s  d id  capture 
and return foreign substances i n  the air. The f a c t  t h a t  no d i s -  
coloration could be found in  the humiditv underflow water suggests 
t h a t  chemical changes producing chromophore groups occurred i n  the 
beds themselves. 
s i l i c a  gel.  

The beds were emptied and repacked w i t h  virgin 

Both the par t iculate  and chemical f i l t e r s  i n  the CBR un i t  w e r e  
replaced. A spare chemical f i l t e r  was t i g h t l y  packaged i n  4,ylar 
and placed i n  the chamber as a replacement i f  required. 

The Hopcalite un i t  was inspected, found t o  be i n  good condition 
and replaced. 

The activated carbon bed downstream of the Hopcalite u n i t  and the 
one i n  the command console were repacked. and replaced. 



9 30-Day Manned %?st 

me performance of t h e  a i r  pur i f ica t ion  system was excel lent .  
The a i r  was maintained very free f r o m  odors and par t icu la te  
matter. The crew members a l l  reported t h e  development of a 
m e r s e n s i t i v e  
t i m e .  

o l factory response i n  a v e r y  snort  period of 

me data  i n  Section 6.2.2 demonstrates t h e  cffect iveness  of 
the  various elements i n  t he  system i n  tnc contrnl of' s i rhornr  
bacteria.  "be CBH f i l t e r  pPrfCJITInd up to rxpectation, t h e  
sampling never showing more than one micro-organism i n  !O cubic 
feet of f i l t e r e d  air. The Hopcalite unit  w a s  completely e l fpc t ive .  
The performance of the u l t r a -v io l e t  3 ights processing the e f f luen t  
a i r  from t h e  respiratory system was d i f f i c u l t  to assess due t o  
the  p r i o r  purif icat ion.  Day 9 was the only sampling date on 
which an adequate concentration of organisms entered t h e  Light  
system t o  provide s igni f icant  resuts.  The count w a s  reduced 
f r o m  0.9 per cubic foot  t o  0.1 per  cubic feet. 

The environmental monitoring gas chromtograph did not ind ica te  
the presence of any contaminant 
and methane. The methane buila-up Figure ',ti , was a t  : L  lower 
rate than during the  4-day test. 
low gas producinR d ie t .  The source of alcohol was f r o m  s t e r i l i z a t i o n .  

i n  tne  cabin a i r  o ther  than al.cohoi 

"his was probably due to t h e  

The m a x i m u m  NO2 l eve l  measured i n  the cabin a i r  w a s  0.1 ppm 
although the  waste reactor  a t  times produced over LOO pprn. The 
high concentrations w e r e  i n  very low volume flow a i r  streams, 
.O*( CFM. Signif icant  reduction i n  t h i s  concentration w a s  accomplished 
by the  s i l ica  gel. 
t ro l l ed  by the CBR f i l t e r  and the  humidity condensate. 

The NO2 which entered the  cabin a i r  w a s  con- 

A s  i n  the l'r-day tes t ,  a s igni f icant  C.O.D. was evident i n  t h e  
humidity underflow water condensed f r o m  the f i l t e r e d  a i r  as show. 
i n  Figure 17 . By Day 8 the average C.O.D. value had b u i l t  
up to  a near  equilibrium valve of 260 mg/li ter.  TILC aveiage da i ly  
values varied f r o m  a maximum of 315 t o  a minLmm of 195 through 
the first 23 days. 
t o  a maximum of 760. 
immediately before th i !  r i se  was suspected as the  cause. The 
system w a s  completely dmined Lhe next day t o  allow f resh  condensate 
samples t o  be taken. 
C.C.2. of a ~ ~ i p l e a  col lected af ter  draiiiage. 
the  C.B.R. chemical e lewnt  had reached saturat ion w i t h  respect  
t o  the  contaminates causing the  C.O.D. 
w a s  removed and the  spare in s t a l l ed  i n  its place. 
i d ly  dropped t o  about 120 and remained a t  t h i s  value thmugh the  
rest of t he  test. 

- /days.  

The concentration suddenly increased on Day 24 
A s p i l l  of 8 ounces of alcohol i n  the  chamber 

There w a s  no s ignif icant  decrease i n  the  
It was ccncliicied that 

The chemical element 
The C.O.D. rap- 

The 41 pounds o f  activated carbon i n  t h e  o r ig ina l  
I u n i t  had an e f fec t ive  l i fe ,  under the  test  conditions, of 115 
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The data in  Section 6.2.1 re la t ing  t o  concentrated samples 
indicates trie presence of numerous chemical species i n  trle 
atmosphere. The concentrations of these foreign materials 
was maintained a t  such a low level that ,  normal continuous 
monitoring f a i l e d  to indicate their presence. Whicn of 
these contaminants penetrated tne C . A .H. f i L  ter  throughout 
t n e  test an3 Led to i ts  eventual saturat ion is riot known. 

Section 6.2.1 also presents data on a concentrated sample 
col lected a t  t h e  external  vent l i n e  of  the w a t e r  system. 
Peaks not found elsewhere indicate t i iat  t h i s  system would 
have contributed s igni f icant ly  t o  tne contamination problem 
had it not been vented overboard. 
contaminants t o  the atmosphere during several  shor t  periods 
during the test. This occurred from e f f luen t  s p i l l s ,  broken 
s igh t  glasses, and removal of t h e  defoamer assembly f o r  t h e  
replacement of bearings and seals. 

The water s y s t e m  did supply 

Peaks found i n  the waste reactor samples and not  i n  the  cabin 
a i r  demonstrate the effectiveness of t h e  s i l i c a  ge l  bed and t h e  
Hopcalite unit  i n  control l ing contaminants from t h i s  source. 

A contamination event a r i s ing  from bacter ia l  act ion occurre7L 
Day b. 
This was traced +a t h e  sump. The water had not been drained 
from t h e  sump a f t e r  t h e  b d a y  manned test .  Bacterial  growth 
occurred and microbial action degraded residual  organic matter 
producing very e v i l  odors. The system was cleaned and the  
plumbing changed so tha t  the  sump could be drained. The cdors 
did not persist i n  the chambers. 

A foul odor was noted near t h e  perscnal hygiene rabinet.  

A t  t h e  conclusion of the  30 day test t h e  s i l i c a  ge l  beds from 
t h e  respiratory system were inspected. The t o p  of the beds 
were a dark amber color. Tne beds were fract ionated using a 
suction tube in to  4 f rac t ions  of d i f f e ren t  colors. As .shown 
in  photographs 1 and 2, the top  112 inch was very dark, t n e  
second L/2 inch was yellow, t h e  middle 4 incnes were w h i t e  
and the bottom 3/4 inch was yellow. 
the capabi l i ty  of the s i l i c a  g e l  to remove contaminants. The 
top of t i e  bed received the flow from the superoxide beds. 
The dark color a t  the top may therefore  be due to chemical 
changes to contaminants passing through the  beds o r  t o  t h i s  
portion of the beds receiving m a x i m u m  heat during the  drying 
cycle. 

This again demonstrated 

6.1.2.3 Recommendations 

1. h e  requirement f o r  ul t ra-violet  l i gh t s  f o r  bac te r i a l  control 
appears to be unnecessary when la rge  volume CBR f i l t r a t i o n  is 
used. 
lightweight. 
be eliminated. 

The CBR par t icu la te  f i l t e r  is  polyfunctional and very 
It is  recommended t h a t  t h e  u l t r a -v io l e t  system 

57 



2. Tne Deriavior of' the MK!;A HopcaLite u n i t  w i t n  resnect to t,t,r 
formation of Nor2  was unique. This is n m b o b l y  due to t t ~  re- 
l a t ive ly  low snare veloci ty ,  bile Low mass i'low at, k j i g h  temnera- 
tures, and t h e  confi&prntion. T n i s  siiould b e  studied t o  a r r i v e  
a t  3 system vhictl car, operate a t  hidrier temperytures u i  t,/;c at  
W 2  problem. 

"tie high usage of carbon irL tne r'?R chemical elemerit. 0 a 4  
pounds per man/day, is f a r  i r i  excess of commonly prerlicted re- 
quirements f o r  space systems. This snould b e  studied to 
determine i f  it is a r e a l i s t i c  renuiremerit,. Metnoris of re- 
ac t iva t ion  should be stu4ied. 

j. 

4. A "whi t e"  l i s t  of' materials and associated environments su i t ab le  
for use i n  manned closed. systems should be  prepared f o r  design 
use.  This should include spec i f ica t ions  cont,roLling ttie chemistry 
and processing variables a s  w e l l .  a s  functional requirements. 

5 .  Metnods of' improvinl; the performance of t h e  t i u n i d i t y  Tondensate 
system with respect t o  the  removal of t race  contaminants stlou!d 
be studied. 

6 .  Tests should be conducted on the various components of' t h e  a i r  
conditioning system using known chemicals to  assess  t n e i r  p e r -  
formance. "he chemicals should b e  se lec ted  from those afiticipa- 
t ed  i n  ac tua l  systems. b p h a s i s  should be placed or1 those most 
d i f f i c u l t  to remove and/or re ta in .  
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Photo 2: CROSSECTION SAMPLES OF S I L I C A  GEL FROM RESPIRATORY 
SYSTEM DRIER AFTER 30 DAYS OPERATION 
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6.1.3 

a 

MESA I 6.1.3.1 - 

The waste disposal  system s h a l l  provide for col lect ion,  t rans-  
fer, storage, and treatment of urine, feces,  and personal 
hygiene water from f i v e  men for t h i r t y  days. 
developed "Aerobic" biological  "Activated Sludge" process w a s  
se lected f o r  t h i s  system. The cul ture  from the waste reac tor  
was centrifuged t o  produce supernatant f o r  the water system t o  
convert t o  potable water. 

A Boeing- 

Calculations showed t h a t  a minimum volume of twelve liters per 
man of cu l ture  containing feces, urine, wash water and soap 
must be retained i n  the  reactor  a t  all times i n  order t o  pre- 
serve the  microbiological population. 
urine, feces  and wash water was establ ished as approximately 
5 l i ters per man per day. 
the reactor  i n  an aerobic s t a t e  it was calculated that  the  
following conditions must be met. 

A. Maintain the cu l ture  a t  90°F. 

"he deposit rate of 

In  order t o  preserve the cu l ture  i n  

B. Aerlate the  cu l ture  by introducing a i r  a t  a rate of not 
less than 1 CFM. 

C. Agitate the cul ture  with a paddle wheel located inside the  
reactor  tank ro ta t ing  at 30 RPM. 

The basic  container was a stainless steel cy l indr ica l  t a n k  with 
a t o t a l  capacity of 87 liters. 

A centrifuge capable of self cleaning was required i n  order t o  
provide the  supernatant f o r  the water t reatment  system. 
centrifuging w a s  not considered acceptable because of the 
manual clean-up required). 
fuging were returned by pump to the reactor .  

Analysis showed that  when the aystem was "Aerobic" the  reac tor  
exhaust gases contained pr incipal ly  N 0 2 ,  cO2 and "3. 
thcorrticelly determined that these exhaust gases would be 
absorbed by a charcoal f i l t e r  and the NaO2 beds. Accordingly, 
a dehumidifier t o  control  the r e l a t i v e  humidity of the  exhaust 
ges t o  5 6  -+ 5$, a charcoal filter and the necessary neoprene 
ducting t o  the Na02 beds Yere provided. 
mesh s t a in l e se  steel filter screen was added t o  the exhaust 
l i n e  j u s t  above the  tsak top. 
matter from being car r ied  out i n  the exhaust air stream. 

(Batch 

The cells remaining after cent r i -  

It w a s  

In addition, a 20 

This screen prevented any s o l i d  

The feces  receiver unit w a s  d e  from an anodized alumlnum 
cylinder containing a s e a t  and a manually operated s l i d e  valve 



a t  the top of the cylinder. An e l e c t r i c a l l y  operated grinding 
u n i t  (household sink disposal u n i t )  w a s  at tached t o  the  bottom 
of the cylinder f o r  comminuting sol ids .  I n  order t o  d i l u t e  
the  waste and wash the cylinder one l i t e r  of water was in t ro -  
duced i n t o  the t o i l e t  from a plexiglass holding tank after 
each use. Urine was collected separately i n  individual plas- 
t i c  horns and then drained i n t o  a measuring container before 
deposit i n  the  reactor.  
of four CFM through the t o i l e t  and i n t o  the reactor.  
t a l t i c  pump was used f o r  moving both air and comminuted waste 
t o  the reactor.  

Odor control  w a s  achieved by air  flow 
A peris- 

A l l  components of the  waste system were operated in the lab- 
oratory p r io r  t o  i n s t a l l a t i o n  i n  t h e  chamber. 
a commercial model, would not separate the waste culture on a 
self-cleaning basis as anticipated.  
could not escape through the small o r i f i c e s  a t  the outer lower 
perimeter of the bowl, resul t ing i n  a substandard separation. 
Increasing the  hole s i z e  allowed a l l  of the l i q u i d  t o  escape 
resul t ing i n  no separation. The most successful modification 
t o  the  centrifuge w a s  achieved by u t i l i z i n g  centr i fugal  force 
acting on a rubber cylinder t o  a l t e rna te ly  seal 
holes which were dr i l led i n  the lower outer perimeter of the 
bowl. Laboratory experiments showed that the  bowl could be 
brought up t o  speed, f i l led,  and the l i q u i d  successfully 
separated f o r  a period of approximately two minutes. 
speed was then reduced permitting the rubber cylinder t o  con- 
tract  exposing the holes which allowed the c e l l s  t o  escape. 
By repeating the cycle approximately 8 liters of  separated 
l i qu id  could be produced within 60 minutes. It was noted, 
however, t h a t  the f l u s h  of c e l l s  from the bowl was not com- 
p l e t e ly  effect ive and that a residual  accumulation would occur. 
It was decided t o  accept the prospect of a possible twice 
weekly cleaning of the centrifuge and include the unit i n  the 
waste system f o r  the manned test. 

The centrifuge, 

The heavier material 

o f f  or expose 

The 

SYEVEM TESTS 

The f i n a l  configuration f o r  MESA I system tests i s  shown on 
Figure 18. 

A two-by manned pre-test w a s  conducted i n  July,  1963. During 
t h i s  tes t  the system was operated without the centrifuge. The 
laboratory centrifuge was used to  supply the supernatant with 
chamber penetrations provided f o r  outside draining of the 
reactor  and f i l l i n g  of the supernatant tank. The rest of the 
mechanical components of the system performed s a t i s f a c t o r i l y '  
during th i s  test. 

The centrifuge performed s a t i s f a c t o r i l y  during the first b y  
of the attempted 30-day test, however, a t  the beginning Of the 
second day the  u n i t  failed t o  provide acceptable qua l i t y  super- 
natant. Further use of the  u n i t  required disassembly and 
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6.1.3.2 

Throughout the test excessive ubter uus ltsed for cleanup be- 
cause of equipment malfiinctiods. 
d i lu t ion  of the ciiltiire, destroyltrg i ts  abilf ty t o  blologlcal- 
l y  dis integrate  the  t o i l e t  paper. 
mixed wi th  the  foam and remined 0 1 1  top  of the l i qu id  in the  
reactor  tank. 
beyond the tank capacity o n  several uccas iws  before it was 
detected. This action cwscd the screen i n  the exhaust l i n e  
t o  become contaminated r i  t h  paper L J ~ K  t i c 1 e6 .. 
level was lowered the paper adhertd t o  t,he s,.teen tesiil t i n g  
eventiially i n  completely p 1 ~ 4 ~ 4 i n g  the e:xha,,st outlet. Pres- 
sure then b u i l t  up i n  the reactor crnd ~l lp tured  the s igh t  glass 
gasket. This caused the T l n a l  a b u r t  tit day 4 1/2, 

This r e su l t ed  i n  abnormal 

'llie @uund 11p paper was 

I n  addition the l i q u i d  level was allowed t o  go 

When the 1 iqu id  

MESA I1 

A. Immediate c.unYjgcrr*titj,m L . h & ~ ~ ~ c ~  dictated Ly the test 
experience. 

C. Provided for (3. ras tc  storage t ank  tuunitorirw system con- 
s i s t i n g  of t h e  following comlJonents. 

2. An a u t u m t l c  p l e d a t ~ ~ a e  irei1Jfilb ori tch sctltallna at 
approximately 4 p s i  w e  combined w i t l ,  an e l e c t r i c a l  
s y r t e m  designed t o  shut  off  air compressor power, t o  
i l luminate a l16ht a t  tile cmnlaild console, and t o  
i l l u m i n a t e  a l i g h t  tu~d energize e buzzer s igna l  a t  the 
test conduzt,r'a sLatib.nd 



3. An automatic pressure r e l i e f  valve set  t o  r e l i eve  a t  
approximately 6 psi  w a s  i n s t a l l ed  i n  an  overboard vent 
l i ne .  

4. A reactor  tank quantity indicating system was used t o  
provide a v i sua l  reading of quantity and t o  energize 
an e l e c t r i c a l  warning system which i l luminated a 
l i g h t  at the command console and a l i g h t  and buzzer 
signal a t  the test conductor's s t a t ion .  The quantity 
measurement was achieved by weighing t h e  reactor con- 
t e n t s  by suspending it on four springs. Changes i n  
volume would def lect  the springs with a relative dis- 
placement between the tank and the  frame. 
and dial were used f o r  visual measurement and a micro- 
switch was actuated a t  high l e v e l  t o  energize the 
e l e c t r i c a l  warning system. 

A pointer 

D. An e l e c t r i c a l  res is tance probe was used as a sensor for 
low level warning i n  the supernatant tank instead of the 
previously used p l a s t i c  f l o a t  and microswitch combination. 
When the l i qu id  l e v e l  reaches approximately 1.8 liters the 
e l e c t r i c a l  warning system energized a l ight  a t  the com- 
mand console and a l i g h t  and buzzer a t  the  tes t  conduc- 
t o r ' s  s ta t ion.  

E. It w a s  questionable i f  the  NaO2 was capable of removing 
the trace contaminant gases generated by the  waste reactor.  
Therefore, the Hopcalite u n i t  provided with heaters  and 
blower was separated from the respiratory system and 
mounted i n  the w a s t e  system cabinet. The exhaust gases 
were ducted t o  the Hopcalite unit after passing through a 
s i l i ca -ge l  bed used t o  remove "3, thus preventing con- 
version t o  NO2 by the high temperature c a t a l y t i c  oxidizer. 

F. The p e r i s t a l t i c  pump used t o  t ransfer  l i q u i d  and air from 
the t o i l e t  t o  t h e  reactor  was replaced with a f l ex ib l e  
l iner-type pump because of t he  unpredictable tubing l i f e  
and high probabi l i ty  of raw waste sp i l l age  r e su l t i ng  from 
tubing f a i lu re .  Since the f lexible  l i n e r  pump was not 
capable of moving air, a duct was added connecting the 
t o i l e t  bowl t o  the Hopcalite blower duct. A bu t t e r f ly  
valve placed i n  the duct and mechanically l inked t o  the 
t o i l e t  slide valve allowed approximately 4 CFM of air flow 
when f u l l y  opened. 

G. The t o i l e t  was modified as follows: 

1. A cyl indrical  extension providing a port  for the  
Hopcalite air duct was added. 

2. A f lu sh  water spray r ing  was added t o  the  top of the 
cylinder t o  wash the  w a l l .  



3. A baffle r ing w a s  added near t h e  bottom of the cylin- 
der to confine the  s lu r ry  t o  t h e  lower section during 
comminution. 

Study, T e s t ,  and Evaluation programs were established t o  in- 
vest igate  the problem areas. 

A. Centrifuge 

A study w a s  conducted t o  determine t h e  poss ib i l i t y  of ar- 
riving a t  an acceptable centrifuge fo r  the waste system. 
These s tudies  lndicated an extensive prel iminary design 
and development program would be required. T t  w a s  con- 
sidered that  the schedule of t h i s  work would not fit i n t o  
t h e  MESA time table. Therefore, centrifuging of the 
s lu r ry  was t o  be performed outside t h e  chamber on labora- 
tory equipment. 

R. Redefine the requirements and configuration t o  ensure a n  
aerobic reactor. Tests of t h e  MESA T configuration 
showed tha t  10 CF'M w a s  required t o  ensure an "aerobic" 
condition. Since only 1.7 CFM w a s  available, it w a s  con- 
cluded tha t  the reactor w a s  most l i k e l y  "anaerobic" during 
the MESA I 4 1/2 day test. The capabi l i ty  of supplying 10 
CFM t o  the reactor was considered t o  be detrimental t o  a 
space w e i g h t  reactor. Therefore, other means of driving 
the 02 i n t o  the l iqu id  were investigated. A configuration 
which included driving the l i qu id  over an air lmpinger 
p l a t e  w a s  tested and t h e  aerobic state was maintained w i t h  
1/4 CFM of air. 

An undesirable by-product of th i s  configuration was the  
generation of an abundance of foam. Confinement of the 
foam to the  reactor tank w a s  accomplished by the use of an 
e l e c t r i c a l l y  driven centr i fugal  wheel device act ing as a 
l iqu id  - air separator. The u n i t  was i n s t a l l e d  i n  the top 
of the tank j u s t  below the a i r  exhaust ou t l e t .  Evaluation 
of the configuration w a s  made by conducting a continuous 
30-hour laboratory test .  During the test  t h e  reactor  was 
fed 350 grams per b y  COD of t o t a l  body waste and soapy 
water. The system w a s  monitored by COD, dissolved oxygen, 
and exhaust gas analysis.  

The r e s u l t s  showed t h a t  the cul ture  growth kinet ics  were 
normal and the exhaust gases revealed high NO2 and low 
MI3 concentrations and a cul ture  pH of 6.0. 
t i o n  of low pH and high dissolved oxygen concentrations 
provided an adequate environment f o r  n i t r i fy ing  organisms, 
resul t ing i n  the  evolution of l a rge  amounts of NO2. 

Fbrther tests were conducted by operating th ree  laboratory 
reactors  a t  various air flow rate t o  evaluate the hypothe- 
sis that t he  formation of n i t r i t e  and the  concentration of 
dissolved oxygen are related. 

The combina- 

The data obtained over t h e  



62-hour period indicated t h a t  normal reactor performance 
could be obtained a t  a dissolved oxygen concentration of 
less than 1.0 mg/l; however, exact operating instruct ions 
f o r  the ac tua l  reactor were unknown. It was decided t h a t  
during the first two days of the l 7 - b ~  integrated test 
determination would be made of proper air flow s e t t i n g  t o  
ensure aerobic conditions and t o  maintain a l k a l i n i t y  
(minimum NO2 production). A t  t h i s  t i m e ,  the  reactor  
should be vented overboard t o  prevent possible chamber air 
contamination. 
l ished the reactor  could be vented inboard. 

After the proper air  flow rate w a s  estab- 

A t  the  conclusion of the development phase the following 
design refinements were made t o  the reactor  system. 

1. A resis tance probe foam detector was added t o  the ex- 
haust l i n e  from reactor. The detector e l e c t r i c a l l y  
turned off  power t o  c i rculat ing pumps, and energized 
a l i g h t  and buzzer both inside the chamber and a t  the 
test conductor's s ta t ion.  

2. Rel i ab i l i t y  of l i q u i d  circulation w a s  obtained by in- 
s t a l l i n g  two centr i fugal  l iquid c i r cu la t ing  pumps. 

3. A spare air mixing nozzle was provided as a replace- 
ment spare. 

A dissolved oxygen meter was i n s t a l l e d  t o  provide con- 
tinuous readout. 

4. 

SYSTEM TESTS 

The f i n a l  configuration used i n  the MESA I T  Systems Integra- 
t i o n  and manned tests i s  sham i n  F igure  19. 

During the 17-Day T e s t  the system was vented overboard f o r  the 
first two days. 
were established which would ensure aerobic operation. Opera- 
t i o n  and results during the t e s t  are as follows: 

During t h i s  period the air and l i q u i d  flow 

A. 

B. 

C. 

D. 

Airflow control erratic and required constant adjustment. 
Culture remained i n  aerobic s t a t e  throughout test .  

Oxygen meter i n s t a l l e d  outside chamber msiflliictioiied %e- 
cause of e l e c t r i c a l  problem i n  the 40-foot cable. 

The reactor exhaust gas added 4.0 ppm NO2 t o  the chamber 
atmosphere which was acceptable. (Note: reactor  flow 
0.1 CFM versus 600 CFM f o r  cabin.) 

By running the reactor  at NO2 level of 200 t o  300 mg/l  
instead of the 0 t o  40 m l / l  there would be a much greater 
buffer zone f o r  sudden drops in t h e  DO before anaerobic 
conditions occur. 
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E. The increase i n  airflow would help t o  eliminate plugging 
of the mixing nozzle. 

The operation of the waste system during the 3O-day manned 
test was considered sat isfactory.  
s u l t s  were noted: 

The following detail re- 

A. 

€3. 

C. 

D. 

E. 

F. 

G. 

H. 

The technique of l i q u i d  circulation and air mixing pro- 
vides a sa t i s f ac to ry  configuration f o r  maintaining the 
reactor  i n  an aerobic state. 
v l th  l i qu id  circulat ion due t o  changes i n  c e l l  concentra- 
t i on  of t he  cul ture  and with a i r  control  due t o  irregular 
pressure var ia t ions of t he  compressor. Frequent monitor- 
ing and adjustment were required of both functions 
throughout the run. 

It vas found that between .2 and .5 mg/l of oxygen pro- 
vided f o r  t h e  best waste degradation and lowest NO2 forma- 
t ion.  

D i f f i cu l ty  w a s  experienced 

The cul ture  feed f o r  the run was a t o t a l  of 7800 grams of 
COD of which 4300 grams were oxidized within the  cu l tu re  
f o r  a 55% efficiency. T h i s  efficiency would have been 
higher had the cul ture  operated longer a t  steady state 
conditions. The c u l t u r e  did not approach steady state 
c e l l  concentration of 33 grams/liter u n t i l  midway during 
t h e  test. 

Indications of possible anaerobic reactor conditions 
occurred three times during the run; accordingly, the 
reactor was vented overboard. On two occasions the  vent 
time t o t a l  was 11.5 hours and the th i rd  t i m e  the  over- 
board vent was held f o r  a 24-hour period t o  allow collec- 
t ion of humidity underflow water. 

S i l i c a  g e l  was found t o  be 8 very good absorber of NO2 
gases from the reactor  exhaust. The column containing 995 
grams was changed s i x  times during the tes t  f o r  an average 
weight per man of 1194 grams. 

Measurement of pH was found t o  be a good parameter f o r  
determining presence of n i t r i t e s  i n  the culture.  
hle  operation occurs between a range of 7 t o  8 pH. 

Desira- 

Examination of t h e  cul ture  showed t h a t  the t o i l e t  paper 
was not degraded as anticipated. 

The waste collection, transport ,  and f l a t u s  control  sys- 
tems performed sat isfactor i ly .  bwever, r insing of urine 
cups with water after each use  w a s  found t o  be inadequate 
t o  control odor. 
container were passed out of the  chamber f o r  thorough 
cleaning i n  the lab every three days. 

During the  test the cups and measuring 
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I. 

J. 

Life of the DO sensor exceeded expectations and was 0 
changed once during the  run. 

Aside f r o m  t h e  anticipated s i l i c a  g e l  column, air  mixing 
nozzle and DO probe changes, the maintenance for t he  
system consisted of the following: 

1. A seal on the l i q u i d  waste circulat ing pump w a s  
changed because a small leak developed. 

2. A leak developed i n  the pump used t o  t r ans fe r  f lush 
water t o  the toi le t  bowl. Upon disassembly it w a s  
found t h a t  a gasket had been improperly in s t a l l ed .  
The pump WBS reassembled and performed s a t i s f a c t o r i l y  
f o r  the remainder of t h e  run. 

3. During a conversion from overboard t o  inboard venting 
This 

??le valve 

the air compressor i n l e t  valve was l e f t  closed. 
caused the compressor t o  overload the e l e c t r i c a l  motor 
which i n  turn tr ipped the c i r c u i t  breaker. 
was opened and the  e l e c t r i c a l  c i r c u i t  again energized. 
No further trouble developed. 

4. N e a r  the end of the run the l i q u i d  pump appeared t o  be 
doing an inadequate job of waste circulat ion.  
s i ze  of the pump pulley was changed from 3.75 t o  2.50 
inches i n  diameter. This change increased the  pump 
velocity by 50$ and restored adequate l i q u i d  circula-  
t ion.  

The 

Future designs of the aerobic act ivated sludge waste systems 
should consider t he  following: 

A. Develop and test an instrumentation system capable of in- 
dicating posi t ively the condition of the cul ture .  
system should be capable of continuous monitoring with a 
warning s ignal  t o  indicate  an unacceptable cul ture  state. 

The 

R. In order t o  allow f o r  changes i n  cell  concentrations i n  
the cul ture ,  the l i q u i d  circulat ing pump should be capable 
of providing controlled variable quantity output rates. 

An accumulator and/or a pressure-regulator should be pro- 
vided f o r  the air system t o  better s t a b i l i z e  the air flows 
and pressures. 

C. 

D. An investigation to  determine the chemical analysis  of a 
t o i l e t  paper t h a t  could be degraded i n  the waste reactor  
is  required. 

E. Investigate the use of a chemically and toxicologically 
acceptable dis infectant  f o r  u r i n a l  cup odor control.  



F. Some of the problems related t o  t h e  n t e r  system can be 
d i r e c t l y  related t o  the improper laboratory centr i fuging 
of t h e  s lurry.  Since t h e  water system is d i r e c t l y  depen- 
dent upon waste system i n  t h i s  concept the q u a l i t y  of the  
e f f luen t  is  very important. A major area of future work 
e f f o r t  must be a de f in i t i on  of the e f f l u e n t  q u a l i t y  and 
the development of a centrif'uge which can ensure the  re- 
quired qual i ty .  



Phab 3: WASTE TREATMENT SYSTEM COMPONENTS AND HOPCALITE 
UNIT - MESA I I  
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f'bb 4: TOILET ENCLOSURE SHOWING TOILET AND URINAL CUPS - MESA 1 1  
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6.1.4 WATER SYSTEM 

6.1.4.1 MESA I 

The basic requirement was t o  provide a closed cycle water treat- 
ment system. 
received a l l  cabin refuse water and regenerated it i n t o  potable 
water. Refuse water included t h e  waste system e f f luen t  (feces, 
urine, r inse water and hygiene water) and the humidity underflow. 

To meet t h i s  requirement the water treatment system 

The system u t i l i z e d  the following detai l  requirements f o r  pro- 
viding 5 men with water i n  the  closed chamber. 

A. Total production rate w a s  dependent upon the following water 
usage requirements: 

1. Drinking and food water 13.7 L/day 

2. Personal hygiene water 11.3 

3. NaO2 absorption 1.82 L/&Y 

B. Regenerate refuse water a t  the following rates: 

1. Waste system eff luent  25 L l d a Y  

2. Humidity underflow water 5 L b Y  

C. The regenerated water had t o  meet the following a rb i t r a ry  
acceptance standards: 

1. Less than 25,000 organisms/ML 

2. Less than 2 caliform/100 ML 

3. COD of less than 25. 

The MESA water system design was based on the  general concepts 
t h a t  eff luent  from the waste reactor  was t o  be vaporized t o  remove 
nonvolatile materials, the v o l a t i l e  organic materials i n  the vapor 
were t o  be removed by an ion-exchange f i l t e r  and the  non-ionizing 
materials were t o  be removed by f i l t r a t i o n .  

The water from the humidity underflow was t o  be mixed with the  
condensed vapor t o  be de-ionized and filtered. 

I n  order t o  accomplish t h i s  a water system was designed t h a t  con- 
sisted of the following components: 



A. A variable  rate i n l e t  Dump. 

B. A l iquid- l iquid pre-heat heat exchanger (low temp). 

C. A wick type evaporator-condenser heat exchanger. 

D. A vapor pump. 

E. 

F. 

A vapor-vapor heat exchanger (high temp. ) . 
A ca ta ly t i c  oxidizer using a lumina  for the  ca t a lys t  (llOO°F). 

C. An a i r - l iqu id  separator. 

H. An o u t l e t  pump. 

I. A “l3arnstead Mixed Red Ion Exchange car t r idge.  

J. A charcoal filter. 

K. E l ec t r i c  heaters. 

L. Three conductivity meters. 

M. Storage tank. 

Following ea r ly  subsystem t e s t s  of the water system the vapor pump 
was removed. A su i tab le  pump was not commercially available and a 
pump could not  be developed within the t i m e  period that  would per- 
form sa t i s f ac to r i ly .  
condensation of the vapor preventing any pump action. Because the 
vapor pump was removed from the system the  e l e c t r i c  power required 
for evaporation was increased, a glycol cooled condenser was added 
and an air compressor was provided for the  oxidation air  supply. 
Laboratory tests were conducted w i t h  the c a t a l y t i c  oxidizer  and it 
was determined t h a t  by using a platinum-coated alumina ca t a lys t  
the  oxidation temperature could be reduced from the o r ig ina l  range 
of llOO°F t o  750°F. 

Excessive heat loss i n  the pump resu l ted  i n  

The wicking w a s  removed from the evaporator-condenser as being 
unsuitable f o r  use a t  1 g conditions, because of lack  of wicking 
a b i l i t y ,  and as the wicks would clog w i t h  e f f luent ,  fu r the r  re- 
ducing heat t ransfer .  A fi l ter  was added t o  prevent e f f luent  
from reaching the high temperature heat exchanger. An u i t r a  
v i o l e t  l i g h t  was added fo r  f i n a l  s t e r i l i z a t i o n  of the  water and 
the system was i n s t a l l ed  f o r  the two-day preliminary run. 

’ 

SYSITEM TEST 

The f ina l  configuration is as shown by block diagram No. 26 

During the two day pre- tes t  t o  MESA I, water with an acceptabl- 
COD l e v e l  was produced with the system using the platinum-coatcd 
alumina as the oxidizer ca ta lys t .  The bac ter ia  content was high. 
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During the run it became apparent t h a t  t h e  i n l e t  and o u t l e t  pumps 
could not be synchronized, so the o u t l e t  meter pimp was replaced 
with a submersible pump controlled by the  l i q u i d  l eve l  i n  the  
sump. 
arrangement. 

The level control w a s  a styrafoam float-microswitch 

During the 3O-day attempt ( 4  1/2 days) the  preheat heat exchanger 
became clogged with eff luent ,  was removed for  cleaning, and by- 
passed. The slight reduction i n  eff ic iency w a s  traded fo r  s i m -  
p l i c i t y .  
t i on  of the evaporator level with a corresponding adjustment of 
the pumping rate. Fai lure  to  monitor the evaporator level  fre- 
quently resulted i n  flooding the system with e f f luen t ,  necessi- 
t a t i n g  complete disassembly and cleaning of the system and 
replacement of t he  oxidizer catalyst .  

The variable rate i n l e t  pump required periodic inspec- 

After the flooding of the ca t a ly t i c  oxidizer the COD of t h e  f i n a l  
water increased t o  an unacceptable level. "he temperature of the 
c a t a l y t i c  oxidizer was increased t o  llOO'F i n  an attempt t o  lower 
the COD level. 
produce an acceptable product. 

During both the  2-day and the 4 l/P-day rims the system produced 
acceptable water chemically, bu t  not bac t e r i a l ly ,  when the system 
was operated properly. 
t o  the growths of contaminating organisms i n  the ion-exchange and 
the charcoal beds downstream of the  c a t a l y t i c  oxidizer. Repetit ive 
sampling of t he  water downstream of the c a t a l y t i c  oxidizers i n d i -  
cated t h a t  s t e r i l i t y  was achieved at t h i s  stage. 

Since the catalyst  was contaminated t h i s  did not 

The bacteria i n  the f i n a l  water was due 

6.1.4.2 MESA I1 

A t  the conclusion'of t h e  MESA I t e s t s  the reqriiretnent for  the 
treatment of the humidity underflow water w a s  changed. NASA re- 
quested t h a t  a separate purification system, based on f i l t r a t i o n ,  
be developed t o  determine if  i t  was practicable t o  reclaim humidi- 
t y  underflow water alone. 

In addition the detail requirements f o r  the rate of water produc- 
t i o n  were changed t o  t h e  following: 

A. Total. production rate dependent upon the following usage re- 
quirements. 

1. 

2. 

3. 

Drinking water and food - 12.2 L/&y 

Personal hygiene water - 10.0 L/&y 

N a 0 2  absorption - 1.82 L/&y 
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R. Reqenerate refiise water at: t.he t'ollowinK rnt.es: 

1. !Jaste system e f f luen t  - 21.4 I./day 

2. Humidity underflow - 2.f~ L/day 

A t  the  conclusion of the 4 1/2-day run t h e  variable rate i n l e t  
pwnp was replaced with a large constant rate pump controlled b:r 
t h e  evaporator l eve l  through a conductance probe. 

A t  t h i s  time the water system was laboratory tested i n  order to 
obtain an indication of the confidence level  for the  components. 
During the course of khis t e s t i n p  t h e  conductance probe i n  t h e  
evaporater level  control became contaminated and malfunctioned. 
The conductance prohe w a s  replaced w i t h  a photo-cell and f l o a t  
i n s t a l l ed  in t h e  s i g h t  glass. I f  t h e  s e n s i t i v i t v  of t h e  1ip;ht  
was  not properly ad,justed the i n l e t  pump would not t u r n  on and 
the  evaporator would go dry. This wol l ld  cause the evaporator 
temperature t o  rise t o  excessively high levels .  On one occasion 
t h e  heaters, welded to t h e  bott,om of the evaporator, hroke loose 
due t o  t h e  high temperatures. 
of the evaporator an automatic overheat ciitout w a s  ins ta l ied  in 
the central  c i r c u i t  fo r  the system. 

Tu order t o  prevent t h e  nverheatinP 

During the t e s t i n g  the vapor heat exchanger and the f i l t e r  became 
clogged and required cleaning. It became apparent t ha t  the f i l ter  
was not stoppine; the foam from reaching the h e a t  exchanper. I n  an  
attempt t o  reduce the foaming during the evaporation process and 
t o  increase the process rate up t o  the revised requirement of 24 
liters per day, a new evaporate was b u i l t  with a much larger 
liquid-vapor surface area. 
electrical heating could only sustain a 18.55 liters per day rate.! 
The tendency t o  foam was somewhat less hut  the foaming was s t i l l  
a serious problem so several methods of defoaming, includine hot 
w i r e ,  cooled wall chambers and h e l i c a l  tubing, were tried without 
success. A motor driven centr i fbnal  separator was developed and 
successfully tested and used i n  t h e  f i n a l  confifniration. 

(The oriRinal evaporator modi f ied  fo r  

The t e s t ing  showed t h a t  there  was in the air-water separator 
downstream of the condenser. 
w a s  converted from a styrafoam f l o a t  and micro-switch t o  an elec- 
t r i c a l  probe and relay system becaiise the NH 

chamber t h e  top of the air water separator was sealed. 
o r ig ina l ly  planned t o  vent the gases i n t o  the chamber through the 
hopcalite unit .  I n  order to  prevent t he  NH3 from conventing to  
NO2 i n  t he  hopcali te u n i t ,  t he  gasses were vented overboard and 
the air compressor was  replaced with oxygen bo t t l e s .  

In  accord with the new requirement f o r  a separate humidity under- 
flow purif icat ion system, s tud ie s  were conducted to  determine a 
method of reducing the  b a c t e r i a l  contamination and the  COD of the 
the  underflow water. 

The l eve l  control  of t h e  o u t l e t  pump 

at,tacked both the 
f l o a t  and the  microswitch. To keep t h e  NH3 ? rom enterinR t h e  

It vas 

( 3  cc/min flow 

The f i n a l  system consisted of a "DYNION" 



silver charcoal f i l t e r ,  ion exchange f i l t e r  and a charcoal f i l t e r .  
Laboratory t e s t i n g  of t h i s  configuration proved the capabi1.i t y  t o  
provide acceptable water . 
A t  the  conclusion of the individual development proprams t h e  water 
system was tested i n  the l a b o r a t o r y t o  a s s u r e  proper operation of 
the system components. During the &-hour test the system opera- 
t i on  was sat isfactory.  One possible problem developed i n  t h a t  
the  e f f luen t  caused a build-up of solids i n  the  evaporator. T t  
was determined t h a t  during system t e s t ing  t h e  evaporator would 
require flushing. 

SYSTEM TEST 

The f i n a l  configuration for system test ing i s  shown on Figures I - . . 
During the i n i t i a l  part of the 17-day integrat ion test there were 
several instances of evaporator overheat due t o  improper &,just- 
ment of t he  in t ens i ty  of the photocell l i g h t  i n  the evaporator 
level controller.  
just ing of the in t ens i ty  of the l ight .  

This problem was corrected by the proper ad- 

There were several  instances when the evaporator overheated due 
t o  plugging of the l i n e  between the i n l e t  pump and the evaporator. 
This plugging was  caused by foreign matter i n  the e f f luen t  from 
the waste system sealing the small i n l e t .  

During the  test ,  replacement rates were determined f o r  the  "water 
treatment" system and the "humidity underflow" system charcoal and 
ion-exchange beds. 
rate could not be firmly established. The car t r idges used had 
high i n i t i a l  COD'S which did not allow for proper evaluation i n  the 
time available.  It was determined tha t  f o r  the 30-day run t h e  
cartridges would be pre-flushed w i t h  d i s t i l l ed  water and the COD'S 
monitored t o  determine the time of change. 

The humidity-underflow charcoal replacement 

Based on the r e s u l t s  of a l l  p r i o r  t e s t s  t he  expected normal main- 
tenance f o r  t he  "water systems" consisted of t he  following: 

A. 

B. 

C. 

D. 

E. 

F. 

Replace ion exchange f i l ter  cartridge every h y .  

Replace charcoal every 10 days. 

Replace oxidizer heater i f  heater malfunctions and the 
catalyst i f  the water has a high COD reading, 

I n s t a l l  f resh ammonia absorbers ( s i l i c a  ge l )  i n  the  l i n e  from 
the water system t o  the hopcalite u n i t  when the s i l i c a  gel 
color changes from blue t o  pink t o  record blue f ron t  which has 
advanced the length of the ammonia absorber. 

Drain the evaporator every day. 

Replace pump tubing where failure of the p a r t  occurs. 
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During t h e  course of the thirty-day run s i x  ion-exchange car t r idges 
were used i n  the water system. 
the  predicted usage rate. 
cated by the conductivity meter. 
pounds ( t o t a l )  which gave a usage (resupply) weight of 0.142 
l b  8 /man/day. 

This w a s  f i v e  times better than 
The car t r idges were changed as indi-  

The s ix  car t r idges weighed 21.2 

Water system charcoal filters were changed three times. 
the same as t h e  predicted usage rate. 
pounds ( t o t a l )  which gave a usage (resupply) weight of 0.013 
lb/man/day. 
was approaching 25. 

The oxidizer heater operated f o r  the t h i r t y  days without failure 
and the i n i t i a l  change of ca t a lys t  was s t i l l  performing satisfac- 
t o r i l y  a t  the end of t h i r t y  days. The ca t a lys t ,  platinum-coated 
alumina, weighed 0.10 pound. The ammonia absorber i n  the l i n e  
from the water system t o  the hopcali te u n i t  w a s  never changed. 

This w a s  
The charcoal weighed 1.77 

The charcoal w a s  changed when the  f i n a l  water O D  

The evaporator was drained and flushed once a day. During the 
process one l i t e r  of l i q u i d  and the contained salts were l o s t .  
T h i s  reduced the eff ic iency of the system so that when water was 
being produced a t  the rate of 24 l i t e r s /day  the recovery rate was 
94%. I n  order t o  drain the evaporator the water system w a s  shut 
down f o r  an average of 45 minutes. 

The i n l e t  pump tubing was replaced on day 5 ,  11, 15, 25 and 26. 

In  addition t o  the normal maintenance there  were several malfunc- 
t ions t h a t  caused the water system t o  be shut down. 

The defoamer failed on four occasions. Three times on the 7th, 
15th and 24th days, due t o  seal f a i l u r e  which allowed the lub r i -  
cant i n  the bearings t o  dry out causing failure. The fourth,  on 
the 25th day, was due t o  poor assembly by the shop t h a t  overhauled 
the defoamer. 
mately eight days and used inexpensive bearings and avai lable  seal 
components. 
w e a r .  The b a l l  bearing and graphite-ceramic seal used i n  the 
defoamer would be a sa t i s f ac to ry  solut ion if  high temperature 
bearings could be used and if  the  rubber boot i n  t h e  seal could be 
replaced with a material that  would be compatible with NH3 at  
250°F. 

The ex i s t ing  defoamer had an average l i f e  of approxi- 

The graphite-ceramic surfaces showed no appreciable 

On the  12th day the external  r e f r ige ra t ion  u n i t  fa i led due t o  a 
leak which allowed the l o s s  of freon from the uni t .  T h i s  caused 
the  glycol system t o  become ine f fec t ive  and the water system was 
shut down. 

On the 13th day the a u i l l a r y  heater was found t o  be plugged and 
on the 17th, 29th and 30th days the inlet  t o  the  evaporator plugged 
causing system shutdown. 
effluent t h a t  was supplied from the  waste treatment systems. 

The plugging w a s  due t o  s o l i d s  i n  the  



During the first several days of t h e  run evaporate overheat would 
cause system shutdown f o r  short  periods of t i m e .  The system 
would s t a y  off u n t i l  effluent had been pumped i n t o  the evaporator, 
cooling it below the overheat cutout level .  The problem was s t i l l  
due t o  the in t ens i ty  of t h e  l ight  used with the photoelectr ical  
c e l l  being improperly adjusted. 
i n t ens i ty  level no further problems were evident. 

After establ ishing the  proper 

During the ea r ly  stages of the t e s t  the flow from the  o u t l e t  pump 
was e r r a t i c .  
continual priming of the o u t l e t  pump w a s  required. 
plumbing was cleaned, the o u t l e t  pump replaced and the check valve 
was removed and cal ibrated without improving the  system operation. 
It w88 determined that the conductance probes that  turned the pump 
on and off  were improperly set, allowing the pump t o  drain the 
air-moisture separator pump t o  such a low level that  the  pump would 
lo se  its prime. Raising the level of the probes solved the problem 
and the o u t l e t  pump performed i n  a s a t i s f ac to ry  manner. 

Constant flow rates could not be maintained and 
The system 

On the 19th day of t h e  test the bacteria i n  the  water exceeded the 
acceptable l i m i t  that had been established. 
remained high and on the 24th day the tubing between the U/V l i g h t  
and the  holding tank outside the chamber was s t e r i l i z e d  with alco- 
h o l  i n  an attempt t o  reduce t h e  high bac te r i a  level. 
col lected after the s t e r i l i z a t i o n  was acceptable; the alcohol 
f lu sh  d ras t i ca l ly  reducing the t o t a l  bac t e r i a  count. 

The bacteria count 

The water 

The water system was shut down for a t o t a l  of 92 hours 19 minutes 
(12.82$ of the t i m e )  due t o  malfunctions of the system components. 
It was shut down f o r  a t o t a l  of 16  hours 30 minutes (2.2% of the 
time) f o r  normal planned maintenance. This was a t o t a l  shut down 
t i m e  of 108 hours 49 minutes (l5.l& of the 30-day run). 

The expected normal maintenance f o r  the "humidity underflow" f il- 
te ra t ion  system was as follows: 

A. 

B. 

Replace pump tubing as required. 

Replace organic removal cartridge every 18 hours. 

C. Replace ion exchange cartridge every 18 hours. 

During the course of the t h i r t y  day run the  organic removal car- 

t e m  produced good water from a chemical standpoint (COD 25). 
During the run there were periods of time when the system w a s  
used t o  provide spec ia l  water samples and the  car t r idges were not 
changed. Based on the 1 per 18 hours usage rate, a t o t a l  weight 
of 141.2 pounds would have been required t o  f i l t e r  the underflow 
water. 

+-.J ussuge~ d- 'sere used at t3e r a t e  nf one every 18 hours when the sys- 

This i s  a usage ( r e supp ly )  rate of 0.95 lbs/man/day. 

The ion exchange car t r idges w e r e  replaced three times during the 
course of the run. 
gave a usage (resupply) rate of 0 . O n  lbs/man/day. 

These weighed a total. of 10.6 pounds which 



a The condensate pump tubing was changed on day 4 ,  10, 2 1  and 27. 

The production requirement f o r  the water treatment systems w a s  
21.4 l i t e r s /day  f o r  the d i s t i l l a t i o n  system and 2.6 l i t e r s /dsy  fo r  
the humidity underflow system f o r  a t o t a l  water production of 
24 l i t e rs /day .  

During the  30-day run the ac tua l  water production rate was 16.9 
l i t e rs /day  f o r  the d i s t i l l a t i o n  water system and 7.9 l i t e r s /day  
fo r  the  humidity underflow system for a t o t a l  production of 24.8 
l i t e rs /day .  

During the  first 18 days of the  test the crew used an average of 
35.3 liters of water/dsy. 
scheduled usage so water use w a s  r e s t r i c t ed .  During the remainder 
of t he  test the crew used an average of 26 liters of water/day. 
This proved t o  be suf f ic ien t  water t o  provide for the requirements 
of the  crew and it is fe l t  t h a t  less water could have been used. 

This usage was i n  excess of t he  

The d i s t i l l a t i o n  water system produced less than the  design re- 
quirement because of system down time due t o  malf’unctions and 
because the  system was opercted a t  less than i t s  ra ted  capacity t o  
balance the water production Kith the water usage rate. 

The d i s t i l l a t i o n  Unit could have produced 2.5 l i t e r s  of water per 
day i n  the “MESA” System, being limited by the  e f f luent  avai lable  
f romthe  waste system and system shut down. 
tests, the d i s t i l l a t i o n  uni t  has produced acceptable water a t  the 
rate of 30 l i ters /day.  

DurinL: Laboratory 

The Humidity Underflow production exceeded the design requirernent, 
i n  part, due t o  the  ion-exchange car t r idges  beilt; changed three  
times dur ing  the run instead of one each 18 hours and due t o  the 
cabin r e l a t ive  humidity beink kept st approximately 40% instead 
of 50$. 

For the water chemical analysis and results see Figure 31 
For the Water Balance Tabulation see Fizure 31, 
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Water Chemistry: Samples from the  humidity recovery an& w&er reeovc;-,. system 

were t e s t ed  every 8 hours fo r  Anrmonla, Chemical Oxygen demand, n i t r a t e ,  and n i t r i t e  

Concentrations. 

Standard Methods f o r  the  Examination of Water and Waste Water. Results f o r  

nitrogen analyses were reported as -/liter 88 N. 

The methods emplayed were taken from t h e  eleventh ed i t ion  of 

MESA II - WATER m C A L  ANACYSIS 
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(b. 1.4.3 -_______ Recommendations 

Based on the operation of the water system during t h e  MESA Test the 
following recommendations are made t h a t  would improve the design of 
a system u s i n g  eff luent  from an activated sludge waste system f o r  the 
treat  ab l e  li qu id. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

The e f f luen t  tank m u s t  have c l ean iw  provisions; stirrin,3, 
s c r a p i w  and possibly re-cent,rifu;inC; the  eff luent .  

The i n l e t  l i nes  t o  the system should be increased i n  size. 
The l i n e s  t o  the evaporator should not be less than 3/:{'' I.D. 

The i n l e t  pump (o r  valve i f  vacuum system is used) should be 
lar(:e enough t o  resist cloc:ging, e,. a larde 1/4 o r  j/& peris- 
t a l t i c  pump t u r n i n g  very s l o w l y .  The i n l e t  pump rate should be 
only s l i g h t l y  more than the maximum expected rate. 

The evaporator must have provisions f o r  handlin, sol ids .  If 
drain i s  used then stirring paddles wipin,: a l l  surface would 
be required. 

A vacuum d i s t i l l a t o n  system should be investigated as a possible 
means of reducing foam and of eliminating the heat loss i n  the 
vapor pump i f  one is  used. 

A larger  foam separator rotor (4" Dia.) would give a l i t t l e  safety 
f ac to r  f o r  foam control. There w e r e  times that the 2" Dia. ro to r  
did not quite keep the foam i n  control. 

The pre-heat and vapor heat exchawers should have larger 
passages t o  guarantee no clogging. Fins inside the preheat ex- 
changes a re  probably not necessary, a l so  provisions f o r  d i s -  
assembly and cleaning should be made. 

A vapor pump of the diaphragm o r  rootes type should work w e l l  
and reduce the power requirements i f  used with the vacuum dis- 
t i l l a t i o n .  The previous f a i lu re  of vapor pumps w a s  almost cer-  
t a i n l y  caused by excessive heat loss i n  the pump r e s u l t i x  i n  
condensation of the vapor thus preventing any pumping action. 
Vacuum d i s t i l l a t i o n  with the proper pressures ( 
allow the vapor pump to operate a t  room temperature thus eliminat-  
ing the  condensin(;; problem. 

.5 p s i a )  w i l l  

The o u t l e t  pump should be a positive displacement ( se l f  priming) 
type of pump. 

New controls m y  have t o  be worked out i f  vapor compression system 
i s  used. 

The present oxidizer ca t a lys t  bed i s  probably marginal and should 
be increased i n  area. 



L. 

M. 

N. 

0. 

When a new vapor heat exchanGer is  designed, it shou ld  wrap around 
the oxidizer t o  minimize t o t a l  heat loss t o  cabin and make system 
more compact. 

The oxidizer temperature should be operated by a controller,  prob- 
ably a thermocouple type on case. 
have i ts  sensor on the heater itself' t o  provide b e t t e r  s a fe ty  
against  burnout. 

The over-temp control  should 

More  investigation is needed t o  learn how t o  reduce Post OX COD 
and thereby reduce f i l t e r  requirements. 
O2 r a t e  should be optimized. 

Additon of bactericides should be fu r tne r  investigated since main- 
ta ining germ-free system apparently is  not p r a c t i c a l  down-stream of 
the ca t  oxidizer. 

Oxidizer t empera tu re  and 

I n  additon the following recommendations are made f o r  establishirq,  sys- 
t e m  desidn parameters. 

A. 

B. 

C. 

"Acceptable water" should be bet ter  defined. A t  present, none of 
the water standards provide a de f in i t i on  f o r  a unnatural (closed- 
cycle) water treatment system end product. Also, the tests r e q u i r -  
ed t o  assure the qual i ty  of the product should be defined. 

The input l i qu id  should be defined. I n  the case of eff luent ,  t he  
t o t a l  solids, COD, N, &, NO2 and C1 should be determined. 

The process rate requirement should be better defined. A wide 
w e  of rates can occur, varying f r o m  less than 1/2, the expected 
normal rate t o  a h s t  twice the expected normal rate dependirq: 
upon the water usat;e rate of the crewmen. 
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?: WATER SYSTEM EVAPORATOR AT COMPLETION OF 30 DAY TEST - 
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WATER SYSTEM EVP.PORATOR COVER AT COMPLETION OF 30 DAY 
TEST - MESA I I 



6.1.5 RESPIRATORY SYSTEM - 
6.1.5.1 MESA I 

The respiratory system s h e l l  produce the breathing atmosphere for 
f i v e  men during a 3O-day period i n  a closed environment by main- 
ta ining the  atmosphere oxygen concentration between the l i m i t s  of 
l9.@ and 23.& and the carbon dioxide concentration below 1.5%. 
The atmosphere s h a l l  be provided by the use of sodium superoxide 
for t he  generation of oxygen and subsequent absorption of carbon 
dioxide. Trace atmospheric contaminants, e.g., carbon monoxide, 
methane, hydrogen and organic aerosols, s h a l l  be maintained a t  
safe equilibrium levels  i f  existent.  

The respiratory system design concept f o r  9 5-man i r t eg ra t ad  7 i . f ~  
support system was developd o n  t h e  basis df earlier work and 
consisted primarily of s i x  fixed beds of oxide connected i n  series 
with p a r a l l e l ,  se lect ive flow control of humidity regulated air 
throupb one o r  more of the  beds. A c a t a l y t i c  u n i t  tr; oxidize 
t r a c e  contaminants and an additional chemical carbon dioxide ab- 
sorber were considered required 8d.iuncts t o  t h e  basic system. 

Each bed, containing 150 pounds of sodium superoxide, was calcu- 
lated t o  have a theoret ical  l i f e  of 5.8 days; s i x  beds giving a 
4.8 day margin i n  excess of theoret ical  requirements. 
blower u n i t  consisting of three multistage blowers *vas specif ied 
to  insure continuous air flow; one blower t o  be adequate fo r  
oxygen requirements. 
proposed f o r  regulation of the six bed a i r  out le ts .  The e x i t  from 
the manifold was considered the optimun location for system a i r  
flow indicatj.Cn and, t o  indicate t h i s  flow, development and fabri- 
cation of a calibrated thermistor anemometer w a s  specified.  

A multiple 

A cen t r a l  a i r  flow control manifold was 

The large,  fixed bed concept was considered t o  have the  following 
advantages over smaller (one day) can i s t e r s  used i n  earlier work: 

A. The crew is not required t o  handle 900 pounds of superoxide by 
i n s t a l l i n g  fresh canis ters  and disposing of used canis ters .  

B. Better absorption rates of carbon dioxide could be achieved 
by reacting iarger  VG~~;?C?S of chemical with a low veloci ty  
airstream provided by beds of large cross-section. 

C. Six beds i n  series with pa ra l l e l  s e l ec t ive  flow control  would 
permit better regulation of oxygen generation r e l a t i v e  t o  
carbon dioxide absorption. 

D. Chamber volume could be better u t i l i z e d  with f ixed beds. 

A i r  humidity t o  the beds, considered a c r i t i c a l  f a c t o r  i n  the 
superoxide reaction from e a r l i e r  work, w a s  t o  be regulated by use 
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of a dual bed, regenerable s i l i c a  ge l  uni t  incorporating a servo 
bypass valve fo r  mixing chamber air w i t h  dr ied air t o  give a de- 
sired humidity. Development and fabrication of a humidity set- 
point  cont ro l le r  was specif ied Lo give the automatic regulation 
des ired . 
To remove trace contaminants and t o  concurrently supply heated air  
for s i l i c a  ge l  regeneration, a combination air  heater and cata- 
l y t i c  oxidizer  was conceived. 
pass t o  regulate  the  temperature of the air  t o  the regenerating 
s i l i c a  ge l  (220'F) and a heater  control ler  t o  maintain t h e  t e m -  
perature of the ca t a lys t  a t  600'F. 

The unit w a s  t o  have a manual by- 

Previous work had indicated t h a t  carbon dioxide absorption rate 
lagged behind oxygen generation ra te .  The use of an independent 
carbon dioxide absorption system was specified t o  prevent exces- 
s ive  oxygen concentrations while maintaining required carbon 
dioxide levels. "he system was conceived as a dual  blower cabi- 
ne t  containing two honeycomb cores, holding 12 pounds of l i t h i u m  
hydroxide each, mounted i n  series. Lithium hydroxide was speci- 
fied because of its high ratio of weight  of CO2 absorbed per u n i t  
weight  of absorbent and i t s  lack of efflorescence. 

Crew regulat ion of the resp i ra tory  system was considered best 
accomplished by ins t ruc t ion  from outside monitors s ince it was 
not feasible t o  i n s t a l l  and main ta in  the  available ins t rumen t s  
for  atmosphere analysis  i n  t h e  chamber. On the  basis of the 
t rends of chamber oxygen and carbon dioxide concentrations, it was 
assumed that system air flow rates and air humidity could be var- 
ied t o  maintain oxygen and carbon dioxide wi th in  specif ied l i m i t s .  

Superoxide and the  ca t a ly t i c  oxidizer were assumed t o  be ef fec t ive  
bac te r i c ida l  agents but it was thought that  some bac te r i a  would be 
trapped i n  the  s i l i c a  gel before reaching the oxide and be re- 
leased t o  the  chamber on regeneration of the gel. 
bac t e r i c ida l  u l t r a v i o l e t  lamp un i t s  were specif ied f o r  the  exhaust 
ends of the s i l i c a  g e l  canisters. 

Therefore, 

The use of a l k a l i  superoxides f o r  the maintenance of breathing 
atmospheres i n  closed systems has been invest igated in t e rmi t t en t ly  
by "he W i n g  Company since 1959. Relevant Boeing documents are:  

D2-9545 Chemical Air Recycling System 

D2-90217 Studies of So l id  Chemical Oxygen Regenerating 
Systems 

D2-90254 Summary Report - Project Crest 

Invest igat ions completed p r io r  t o  MESA I manned chamber tests 
were : 
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A. Bench Scale Respiratory Quotient Test 

A laboratory test of sodium superoxide reaction wit,h air  
containing given amounts of carbon dioxide and water vapor 
demonstrated tha t  oxyRen evolved rapidly during the i n i t i a l  
reaction at a rate equivalent t o  a r e s p i r a t o r j  quotient 

- -- 

vO1* Of of 0.6. As t h e  react ion continued, (*.Q- = Vol. of og 
oxygen production decreased and CO2 absorption increased 
resu l t ing  i n  a R.Q. approaching the nominal value f o r  humans 
of 0.80. A t  the end of t h e  test t h e  average R.Q. exceeded 
0.90. From t h i s  data it was concluded t h a t  sodium super- 
oxide could provide adequate Cop absorption capabi l i ty  hut 
t h a t  some l i th ium hydroxide would be required to  control  CO2 
l eve ls  during the i n i t i a l  stages of superoxide reaction. 

B. MESA Respiratory Sub-system P r o t o a e  Tests 

A complete respiratory sub-system prototype using a chemical 
bed containing 98 pounds of potassium superoxide was operated 
continuously f o r  four  days i n  a laboratory test. D i f f i c u l t i e s  
were encountered with overheating of a pa r t i cu la t e  f i l t e r  lo-  
cated upstream of the c a t a l y t i c  oxidizer ("Hopcalite" ) heat- 
inR elements and with regulat ion of the oxidizer  heaters. 
The phenolic fiberglass honeycomb used i n  the bed was found 
t o  r eac t  t o  some extent  with superoxide r e su l t i ng  i n  a s -  
coloration and corrosion of the  phenolic res in .  The oxygen 
production and carbon dioxide absorption rates were s i m i l a r  
t o  those a t ta ined  i n  previous tests,confirming the need fo r  
addi t ional  CO2 absorption capacity. 

- -- 

Following t h e  test, t h e  pa r t i cu la t e  f i l ter  was removed fro- 
the  c a t a l y t i c  oxidizer  and not used f o r  the manned testing. 
The phenolic honeycomb bed cores were replaced with aluminum 
f o i l  honeycomb cores. Stainless steel cores could not be 
obtained i n  time f o r  MESA I. 

SYSmM TESTS 

The system was assembled i n  the chamber f o r  manned testing as 
shown by Figure 26 . The s i l i c a  gel  drier, u l t r a -v io l e t  lamp 
assemblies, c a t a l y t i c  oxidizer ,  bed manifold and control  ins t ru-  
mentation were in s t a l l ed  i n  the  command console. The oxide beds 
were mounted i n  the  ce i l i ng  of the chamber on support rails. 

The performance of the  r e sp i r a to ry  sub-system was tested as part 
of an integrated l i fe  support system test. 
ted for 48 hours i n  a closed chamber w i t h  one bed containing 58 
pounds of sodium superoxide of approximately 92$ puri ty .  
concentration w a s  maintedned between 19.6 and 21.B during the 
tX0-W period. 
reaching a maximum of 1.B. 

Five men were suppor- 

Oxygen 

The carbon dioxide concentration averaged 1.355, 
The COg level was reduced by 



e 
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increasing air Slow through the bed diiring latter s tages  of  opera- 
t ion.  Since oxygen and C02 percentages were m a i n t a i n e d  at t i  

fa i r ly  constant. level  during the f irnt .  411 hours of' operatio?,  i t  
w a s  assumed t h a t  the superoxide reaction w a s  matching t h e  V.Q. of' 
the crew. Analysis of t h e  bed material following t h e  r u n  i n d i -  
cated a yield of' 7 6  of the theo re t i ca l  amount of oxygen avai ls-  
ble. 
was not suf'ficient to m a i n t a i n  eauilibriiim. Total  oxygen con- 
sumed by the crew a s  ~ a l c i ~ l n t e d  as 1B.O pounds o r  1.88 pounds/ 

Bed output of oxygen during the  last 4-5 hours of operation 

lIEln-by. 

During the test, system malfunctions occurred i n  cyclinp of t h e  
s i l i c a  gel drier and i n  regulation of' the c a t a l y t i c  oxidizer 
heating elements. The drier valve actuation servo-mechanism was 
subsequentsly reworked and the heating elements of' t h e  c a t a l y t i c  
oxidizer were put on separate swit.ches (4) t o  imnrove control.  

Fydrogen was evolved by the action of' sodium hydroxide (formed 
during the  j n l t i a l  reaction of sodium superoxide with water 
vapor) w i t h  the aluminum honeycomb core and increased i n  conccrn- 
t r a t ion  during t h e  test period t o  a max im iun  of 2800 pDm. 
c a t a l y t i c  oxidizer w a s  not able t o  m a i n t a i n  an equilibriim level 
of' Hz because nf IlaitatLons ol" temperature snd flow caused by 
superoxide bed and s i l i c a  gel dr ier  requi rements .  
t h a t ,  w i t h  continued operation, t h e  Reneration of' H2 would reach 
a m a x i m  rate and then decrease as the hydroxide was converted 
t o  carbonate and that  the c a t a l y t i c  oxidizer would he capable of 
maintcrininFr a safe (though high) equilibrium l eve l  eventiislly. 

The 

It w a s  assumed 

No i l l n e s s  o r  atmospheric odor was experienced by t h e  crew except 
fo r  a short  period when t h e  c a t a l y t i c  oxidizer became overheated 
resul t ing i n  the oxidizer insulation evolving fiirnes causing nail. ,ea 
and headache. 

During the f i r s t .  4 days of the planned 30 day tes t ,  the respii-titor.v 
system malfiinctioned as fol.lows: 

A. T-lydrogen was evolved by t h e  superoxide beds and continued to  
increase i n  concentration, reaching a maximum of l U 0  ppm at 
the end of 4 davs. 
t e d  i n t o  the superoxide bed air flow system and i ts  opera- 
t i o n a l  limits were dictated by bed and s i l i c a  pe l  drier flow 
and temperature requirements, a n  adequate rate of H2 e l i m i n a -  
t i on  could not he achieved. 

Since the c a t a l y t i c  oxidizer was inteara- 

R. The six superoxide beds were operated connected i n  s e r i e s  with 
p a r a l l e l  s e l ec t ive  f l o w  control.  ',hen the 3 system blowers 
were actuated the head generated resul ted i n  leakage of air  
(N 1 5  CFM) through the  closed bed b u t t e r f l y  valves. 
leakaae caused a high oxygen production rate which r a i sed  t h e  
02 concentration t o  2% before 2 blowers were disconnected. 
The chamber oxygen concentration subsequently reached a 
maximum Of 30.45&. A carbon dioxide m a x i m u m  l e v e l  of 1 . 2 d  
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was reached a t  the  end of four days. The high oxygen concen- 
t r a t i o n  was generated by excessive air  flow through the 
superoxide beds. This high flow was i n i t i a t e d  and maintained 
i n  an attempt t o  remove the-atmospheric contaminant which was 
causing crew i l l nes s .  

An unident i f ied contaminant was produced during the course of 
the test which caused i l l n e s s  of a l l  crew members and, 
f i na l ly ,  a test abort ,  indicating that  the c a t a l y t i c  oxidizer 
and superoxide were not effect ive in removing some t r ace  
contaminants. 

C. 

6.1.5.2 MESA I1 

A. 

B. 

C. 

DJWEIDPMJWT L 

Chamber Testing 

Following MESA I and pr ior  t o  the MESA T I  17 day pre-test, a 
series of unmanned chamber tests were conducted pr imari ly  t o  
determine the cause of MESA I toxic i ty .  
bo t t led  carbon dioxide gas inject ion were used t o  simulate the 
resp i ra tory  demands of 5 men during these integrated systems 
tests. Chamber oxygen and carbon dioxide leve ls  were regula- 
ted t o  c loser  l i m i t s  than had been prevlously a t ta ined  and bed 
yields of oxygen about equaled calculated theo re t i ca l  yields. 

A hydrogen flame and 

Hydrogen hrolution Study 

As a result of the hydrogen build-up noted during MESA I, a 
test was conducted t o  determine the  compatibility of aluminum 
and sodium superoxide. 

Sodium superoxide was intimately mixed with b i t s  of .OO3 alu- 
minum f o i l  used f o r  the bed honeycomb core. Air containing 
5$ C02 and at a rela'dve humidity of lO$ was cycled through 
the mixture f o r  84 hours. 
added t o  the airstream t o  maintain the above levels. 
gen concentration, measured periodically, reached a maximum 
of 7,800 PPM (0.7%) a f t e r  72 hours and then decreased. 
Portions of unreacted aluminum remained i n  the residue after 
the  test period. 

Carbon dioxide and water were 
Hydro- 

Jt w a s  concluded tha t  anhydrous iu'aG2 6aee not reac t  xith d u -  
minum but  when water vapor i s  added a rap id  evolution of 
hydrogen occurs. The conversion of the  hydroxide, formed 
i n i t i a l l y ,  i n t o  carbonate deaccelerates the rate of hydrogen 
production. 
reac t  w i t h  aluminum. 

The f i n a l  carbonate-bicarbonate product does not 

Following !ESA I and during the period of chamber tests p r io r  
t o  MESA I1 integrat ion testing,the following modifications 
were made to  the  respiratory system: 
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The c a t a l y t i c  oxidizer  (hopcal i te)  was removed from t h e  sys- 
tem and redesigned as an independent subsystem f see 6.1.2) 

To h e l p  eliminate the unknown contaminant that. caused the 
MESA I abort, the following material changes wer'e made: 

Original Material 

Neoprene ductinp 

Polysulfide bed core sealer 

Butyl rubber gaskets (drier) 

cadprim plated bo l t s  (heater, 
beds) 

O i l  impregnated fiberglass 
f i l ters (beds, d r i e r )  

Plywood lithium hydroxide cabinet 

Fiberglass insulat ion (heater) 

Asbestos e l e c t r i c a l  insu la t ion  

To eliminate hydrogen generation, 

Rep 1 acement 

Si l icone ducting 

Quartz fiber packing 

Si l icone rubber gaskets 

Nickel p l a t e  or stainless 
steel b o l t s  

Untreated glass wool 

Sta in less  steel cabinet 

Quartz fiber 

Ceramic beads 

the aluminum honeycomb core 
and core base sheet were replaced with 300 series s t a i n l e s s  
s t e e l  in a l l  superoxide beds. 

A thermistor wet/dry bulb uni t  was designed, fabr ica ted  and 
in s t a l l ed  adjacent to  the humidity con t ro l l e r  sensor t o  check 
operation of the humidity control  system. 

The system blowers ( 3 )  were wired t o  separate console switches 
t o  improve air  flow control. 

Waste reactor  gas inlet  w a s  disconnected from system. 

To insure the avoidance of excessive owgen production, t he  
beds were disconnected from their series configuration, t o  be 
connected i n  progression as the bed on-stream became depleted. 

Conditions for the 17-day MESA I1 Pretest were: 

A. Mve systems beds, with thermocouples, were loaded with 4-8 
mesh sodium superoxide. 
300 pounds of fresh (92$) oxide; beds #2, #4, and #s contained 
a t o t a l  of 450 pounds of used (7&) oxide from MESA I. 

Beds #1 and #3 contained a t o t a l  of 
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' B. Oxidation of hydrogen and inject ion of bo t t led  carbon dioxide 
at measured rates simulated the respirat ion of 5 men i n  the 
test chamber. Corrections in ra tes  Were made during the  13 
days of unmanned operation t o  compensate f o r  periodic chamber 
occupancy by control monitors. 

The system configuration is shown by Figure 26, w i t h  the excep- 
t ion  of modifications l i s t e d  i n  C, above. 

C. 

Results of the 17 day integrat ion tests are as follows: 

A. Carbon Dioxide and Oxygen Control 

Oxygen concentrations ranged between the limits of le.& and 
23.5s for the 362 hours of respiratory system operation (see 
Figure 27). 
maintained a t  21.0 +- 1s. 
concentrate was calculated as 20.70$. 
f r o m  a minimum of 0.3046 to a maximum of 1.6. 
testing time, C02 concentration was maintained below 0.7s 
(see Figure 28). 
concentration wa8 calculated as 0.62$. 

For 61s of this t i m e  atmospheric oxygen was 
The t i m e  weighted average oxygen 

Carbon dioxide ranged 
For 71s of the 

The time weighted average carbon dioxide 

B. Carbon Dioxide Absorption 

Carbon dioxide absorption by lithium hydroxide ( LiOH) during 
the 258 hours of unmanned testing equalled about 0.78 man-day 
CO output (14 CU. f t . )  and, f o r  92 hours of manned testing, 
0. 2 6 man-day Cog output. Total  time of absorption cabinet 
blower operation during the above periods were 4.1 and 6.6 
hours, respectively. 

Total  carbon dioxide produced during the unmanned portion of 
the test was equivalent t o  48.6 man-days of respirat ion.  
Calculation show that  the superoxide absorbed 9816 of this 
amount. Carbon dioxide absorbed during he 4-day manned per- 
t i o n  of the test was estimated 88 350 f t  . The superoxide 
reaction absorbed 96 .s  of this amount. 

f 

c. superoxide oxys en Yield 

A calculat ion based on a t o t a l  equivalent 02 usage of 1348 
man-hours during operation of depleted oxide beds #1, #2, and 
#3 indics%es an Qxygen yield of 6 9  of t heo re t i ca l  or 4 days/ 
5 men/bed compared t o  5.8 days/5 men/bed. 

After visual  examination of the depleted beds, the low oxygen 
yields were a t t r ibu ted  t o  the caking or fusing of the super- 
oxide granules in to  clinkers of low porosity and t o  a general 
cementing of reaction surfaces. 
trapped or blocked unreacted oxide from the air stream. This 
condition was believed t o  have been caused by use of exces- 
s ive ly  humid air (-008 #H20/.#dry air) during some periods of 
the test. 
quirements, it was concluded that with closer  regulation of 

The agglomerates formed 

Relative t o  oxygen and carbon dioxide limit re- 
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system air flow and judicious use of lithium hydroxide, the 
o r ig ina l  l i m i t s  established could be tightened t o  21.0 2 
1.59 and 0.75% maximum, respectively. 

As a result of the  above, a laboratory experiment was designed 
to show qual i ta t ive ly  the degree of deliquescence or "caking" 
that is associated with the f i n a l  react ion products of sodium 
superoxide. 

Respiratory system bed conditions were simulated r e l a t i v e  t o  
bed depth and air  ve loc i ty  by use of a 6-inch-high column of 
NaO2 i n  a l-inch-diameter glass tube subjected t o  an air flow 
r a t e  of 0.5 liter/minute. 
air varied from 70"to 75°F and the r e l a t i v e  humidity between 
4.0 and 50$. 
maintained for  two days. 

The dry bulb temperature of the 

Air flow with a COP concentration of l.& was 

During the first nine hours of the test, the superoxide 
changed color f r o m  yellow t o  white with no observable change 
i n  granule form. 
40 hours. A t  this time, the material at  the  e x i t  end of the 
tube became moist and fusing of granules occurred. 

Granule s i z e  remained constant for about 

it was concluded that  under nominal operating conditions, 
sodium superoxide w i l l  not liquif 'y o r  form a paste, however, 
a limited mount of caking o r  fusing of the reacted granules 
w i l l  occur. 

After assessment of the 17 day MESA I1 pre-test r e su l t s ,  the 
humidity control  system was eliminated from the system because 
of un re l i ab i l i t y  and the drier humidity regulat ing servo valve 
was converted t o  a manual valve. The f i n a l  system configura- 
t i o n  before start of the 30 day MESA I1 test i s  shown by 
Figure 29 

For the 30 day manned test the following conditions were used: 

A. 

B. 

C. 

Six system beds, containing a t o t a l  of 912 pounds of 91.4% 
pure, 4-8 mesh, sodium superoxide, were mounted i n  the chamber 
with thermocouples i n s t a l l e d  i n  the bottom center  and bottom 
corner of each bed. 
corded every 15  minutes. 
of oxide. 
plugged. 

Bed temperatures were continuously re- 
Each bed contained 152 f 8 pounds 

Beds were i n s t a l l e d  disconnected and with ports 

Six canis te rs  of anhydrous lithium hydroxide were loaded and 
sealed i n  polyethylene bags. 
10.5 pounds of IiLOH. Two of the can i s t e r s  were i n s t a l l e d  i n  
tne  CO2 absorption cabinet. 

Analysis and control  of system performance w a s  &ne by means 
of ex terna l ly  located gas analysis instruments that indicated 
carbon dioxide and oxygen concentrations cortinuously i n  the  
chamber and at one of the system taps  (Fig. 29) every 25 mlns. 

Each canis te r  contained about 
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The first oxide bed w a s  plumbed i n t o  the  respiratory system 
approximatCly 15 hours after the chamber w a s  sealed. 
lay was required t o  obtain an atmospheric analysis base l i n e  
and respiratory quotient data. 
became depleted, the second bed was connected t o  the first 
bed and t o  the flow control manifold. This process was re- 
peated, as beds were exhausted, u n t i l  a l l  s i x  beds were con- 
nected i n  series. 

The de- 

When the f irst  oxide bed 

As each bed was added, the previous beds ( 2  max.) were lef t  
on-stream i n  order t o  continue absorbing carbon dioxide and 
evolving residual  oxygen. 
from each bed were: 

Days of adequate oxygen generation 

&d Number Days of Operation 

1 
2 
3 
4 
5 
6 

4.29 
5.37 
5.79 
5.75 
5-96 
2.21 - P a r t i a l l y  used 

Total  29.37 D a y s  

Operation of the  l i thium hydroxide CO2 aksorber t o  maintain 
carbon dioxide concentrations below 0.77% was as follows : 

No. of NaO2 Beds 
Connected 

0 
1 
2 
3 
4 
5 
6 

Hours of 
L i  OH Use 

9.5 
19.5 
1.2 
4.5 
4.7 
7.0 
0.2 - 

Total  46.6 Hours 

The first set of two can i s t e r s  w a s  exhausted before connection 
of  bed #3 (30.2 hours of operation).  
charge (2 canis ters)  used during operation of NaO2 beds #3 
through #, logged 16.4 hours of Operation. 

"he second cabinet 

The range of system parameters established during operation 
were : 



Range Nominal 

Red Temperature 96"F-P35"F 160°F 

Indicated Air 32 CFM 
Flow Rate 

28 CFM 

Lbs.H 0 .oob2 P s . H S  .0016-.0080 Lb mpAir 1 Dry A i r  Humidity of Air 
t o  Beds 

Temperature of 9OOF-126OF llO°F 
Air t o  Beds  

&om the 23rd thy of the  t e s t  t o  the end, air humidity t o  the 
be& increased from an average of .0045 &20/#@ryair t o  an 
average of .0058 &O/@ryair, indicating contamination or  
exhaustion of the  s i l i c a  gel. 

Results of the  30 day integrat ion tests are as follows: 

A. Carbon Dioxide and Oxygen Control 

During the  29.37 days of respiratory system operation, oxygen 
and carbon dioxide concentration ranges and time weighted 
average concentrations, Figures 30 and 31 , were: 

Range, $ Average (Time Weight),$ 

Oxygen 19.0 - 22.8 20.89 
Carbon Dioxide 0.30- 0.87 0 717 

Oxygen concentration was maintained a t  the  required l i m i t  of 
21.0 k 1.5% f o r  9 7 . s  of t h e  test time. Carbon dioxide con- 
centrat ion was maintained below the required l i m i t  of 0.75% 
for 91.5$ of t h e  test time. 

B. Superoxide Oxygen Yield 

The first f i v e  beds supplied the  oxygen requirements of f ive  
men plus the waste reactor  (equivalent t o  0.17 man, see 
6.1.3.2) f o r  a period of 27.16 days. The yield of oxygen 
from sodium superoxide during t h i s  period w a s  calculated a s  
96.7% of theore t ica l ,  o r  2730 f t 3  (760 MM and 76°F). This 
value ,corrected for  chamber leakage, pressure and oxygen 
concentration d i f f e r e n t i a l s  is equivalent t o  a usage of 
2.13 lbs/man-days and an average bed production r a t e  of .@6 
CFM. 
bed #3, assumed as typica l ,  see Table i 
production rate by bed #3 versus time (Fig.32 
gas analysis  data obtained during operation of bed #3, gives 
an average production rate of 0.106 CFM 02- and also indicates 
t h e  control measures required. 

Calculations were based on the chemical analysis  of . A graph of oxygen 
), based on 
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C. Carbon Dioxide Absorption 

The carbon dioxide absorbed by a l l  oxide beds during the 29.37 
days of resp i ra tory  system operation was calculated as  3100 
FT3 (760 MM & 7 6 " ~ ) ,  based on bed #3 reaction products analy- 
sis (Table 1). Supplementary carbon dioxide absorption by 
l i th ium hydroxide was calculated f r o m  gas analysis  data  as  
about 187 F't3 or 5.7$ of t h e  t o t a l  carbon dioxide evolved by 
5 men plus  the waste reactor. 
hydroxide r e l a t i v e  to bed usage was: 

Absorption of C02 by l i thium 

Superoxide Beds On-Stream Cu. Ft. of C O ,  Absorbed by L i  OH 

1 
1 and 2 

1, 2 and 3 
2, 3 and 4 
3, 4 and 5 
4, 5 and 6 

78.0 

34.0 

34.2 
1.4 

12.5 

27.2 

- 
!lSlTAL 187.3 Ft3 

T o t a l  C02 absorbed was calculated a s  equivalent t o  a crew + 
reac tor  production r a t e  of 2.44 lbs/man-day. 

D. Respiratory Quotient Analysis 

Calculations. derived from the gas analysis data during t h e  
period before respiratory system s ta r t -up  (14.5 hours), give 
a crew resp i ra tory  quotient c* of 0.635. The 

Vol. absorbed 
oxygen and carbon dioxide y.ates of absorption and evolution 
were calculated as  0.100 CFM and 0.0635 CF'M, respectively, 
during this ''base l i ne"  period. 

The resp i ra tory  system R.Q. derived f r o m  the analysis  of bed 
#3 react ion products, Table 1, was calculated as 0.77. 
of the oxygen volume obtained for chamber leakage, pressure and 
concentration d i f f e r e n t i a l s  and correction of t h e  carbon dioxide 
volume f o r  the amount absorbed by l i t h i u m  hydroxide results i n  
an average crew R.Q. of 0.83. 

Correctim 

E. Bed TemDeratures 

A progressive m a x i m u m  temperature f ront  was recorded by the 
gang thermocouples mounted i n  one of the center  c e l l s  o f  
bed #l. 
depths, as  shown by Figure 33, as the react ion of superoxide 
progressed with time. 

Peak bed temperatures were at ta ined a t  lower bed 

It was concluded t h a t  the  respiratory system was one of the  most 
successful  of t he  L i f e  Support systems tes ted because of its a b i l i t y  

, to meet spec i f ied  atmospheric requirements, ease of control, re- 
I 

l i a b i l i t y  and s implici ty  of operation. 
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6.1.5.3 REcOMMENDA!rIONs 

The respiratory system could be improved funct ional ly  by: 

A. 

B. 

C. 

D. 

Improved valving t o  permit operation of all beds i n  series 
with p a r a l l e l  se lec t ive  f low control, el iminating the need 
to  connect beds during operation because of valve leakage. 

Added air flow control  instrumentation t o  indicate  flow 
rates from each bed and f l o w  rate i n t o  and from the system, 
permitting f i n e r  regulation of react ion rates. 

Incorporation of heat exchangers i n  system air  stream t o  
regulate temperature of oxide reaction. 

U s e  of mre e f f i c i e n t  filters with lithium hydroxide. 

Further s tudies  are r e q u i r e d t o  determine the optimum conditions 
r e l a t ive  t o  air temperature and humidity, f o r  conversion of car- 
bonate t o  bicarbonate f o r  the purpose of improving carbon dioxide 
absorption rate by the superoxide react ion products. Determina- 
t i o n  of the unknown gas evolved i n  the chemical analysis  of bed 
#3 reaction products (Table 1 ) is  desirable.  



1 

Sample location ! Total Cas Evolved ' co2 
d g m  m u g m  

I 

Center Bottom #1 210.5 

Center Bottom #2 209.4 

Corner Rottom 228.3 

I 

02 Unknown 
ml/gm a / g m  

I 1 184.7 9.0 lE.8 

I I 214.3 ' 194.7 11.4 3.3 
13.8 I 

I N w 0 3  Sample Location , 
I 
I 

Center  Bottom #1 I 88.7 
Center Bottom Ac2 85.9 - 1  I 

Corner Rottom #l 90.6 
Corner Bottom #2 92.9 
Center Top #1 97.7 

I 

0 7.6 
7.6 G 

6.0 
3.6 

I 

0 

0 

I 
I 

0 i o  

Average Composition I $ 

114 

92.0 

3.0 

1.9 

1 . 3  

1.8 







Photo 11: RESPIRATORY SYSTENi AIR DRIER UNIT 
(Before Elimination of Servo By-Pass) 



Photo 12: SUPEROXIDE BED AFTER 30 DAY TEST 
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,Photo 13: TYPICAL SAMPLES OF SUPEROXIDE BED REACT ON PRODUC 





Photo 15: INTERIOR OF CLEANED SUPEROXtDE BED AFTER 30 DAY TEST 
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?hot0 16: LITHIUM HYDROXIDE C02 ABSORBER UNIT 



Photo 17: LlTH!UM HYDROXIDE CANISTER 



6.1.6 

6.1.6.1 

6.1.6.2 

MESA T 

The basic  requirement was t o  provide an environment within 
the  test chamber tha t  would be comfortable f o r  t he  sub,jects. 
To meet t h i s  requirement the  t,emperature and humidity control  
system recycled the cabin air through a heat exchanger to  
reduce the temperature and r e l a t i v e  humidity of the air. 

The detail  requirements were as follows: 

A. 

R. 

Maintain the chamber air temperature at 75 k 109 .  

Maintain t h e  chamber r e l a t i v e  humidity a t  50 ? 16. 
The design heat loads were as follows: 

A. 8650 3tu/hr constant load. 

3. 19,550 Rtu/hr intermft tent  load. 

The temperature and humidity control  system consisted of a 
l iquid- to-air  type heat exchanger, an a i r -d i s t r ibu t ion  fan 
assembly, re turn  air filters t h a t  were cut  from an o i l -  
impregnated f iberg lass  material and the  necessary ducts t o  
provide for proper d i s t r ibu t ion  of the air. 
the  shower air were passed through t h e  heat exchanger where 
the air was cooled and the  moisture was condensed out  of the 
air. 
ment and the air dis t r ibu ted  t o  t h e  cabin. 

The cabin air and 

The condensate vas pumped to  the  water system f o r  treat- 

The cool.irg l i qu id  WDS a mixture of 5 6  glycol-5Cd water tha t  
was cooled by a re f r igera t ion  system located outs ide the test 
chamber. The f i n a l  configuration i s  as shown by block diagram 
r ip .  34. 

sYsT?m TESTS 

During the course of the 2 day pre- tes t  temperature surveys 
and minor adjustments were made to  balance system. 
performance during th i s  test as well as the 4 1/2 day aborted 
test was sa t i s fac tory .  

System 

MESA TI DFvEu)PMENT 

Prior t o  the start of the MESA I1 tests, redesign of other  
subsJrstem components increased the design heat load t o  a m e a n  
(average) calculated hea t  load of 22,867 Btu/hr. 



The increased heat load increased the cooling requirements of 
the system. 
the s i z e  of the glycol d i s t r ibu t ion  l i n e s  were increased. 

To provide for the increased cooling required, 

Because of the contaminent problem I n  MESA I (see Section 
6.2.1) t he  f ibe rg la s s  inlet filters were replaced by a 1000 
SCFM Mine Safety Appliance Co. "CBR" f i l t e r .  As t h e  CRR 
f i l t e r  increased the pressure drop through the system, the 
air d i s t r ibu t ion  fan assembxv was replaced with one t h a t  
would provide the  required air flow a t  the higher pressure 
drop. This increased the noise level of the system. 

The sub-system was t e s t ed  i n  the laboratory with d i f f e ren t  air 
d l s t r ibu t ion  fan assemblies to  determine which would provide 
the  quietest  system. 

The selected system was i n s t a l l e d  i n  the  chamber and noise 
level tests were conducted. A s  a result of these tests a 
muffler was designed f o r  i n s t a l l a t i o n  i n  the air d i s t r ibu t ion  
l i n e  downstream of the fan. The fan was enclosed i n  an i n s u l -  
ated box a d  the i n l e t  ducting was insulated from the  chamber 
w a l l .  This reduced the noise i n  the chamber t o  an acceptable 
level .  

The f i n a l  configuration is  as shown by block d i q a m  No. ':". 

The temperature and humidity control system performed i n  a 
satisfactory manner during the 17-Day Test. 

The system performed i n  a sa t i s f ac to ry  manner during the 30- 
Day  Manned Tes t .  The average r e l a t i v e  humidity was 4146 and 
the average cabin temperature was 77°F. The humidity under- 
flow pump tubing was replaced four times during the  test as 
required by the maintenance schedule and there were no fail- 
ures of the  system. 
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Photo 18: TEMPERATURE AND HUMIDITY CONTROL SYSTEM - MESA I I  
Blower Not Shown 



q1.7 PERSQNAL HYGIENE AND SHOWER SYSI" 

6.1.7.1 MESA I 

The basic requirement was t o  provide a system f o r  maintaining 
body cleanliness, personal cleanliness and appearances. 
t h i s  requirement t he  shower system recycled the used shower 
water f o r  regeneration in to  usable water. 
system transported the d i r t y  water t o  the waste system f o r  fur ther  
treatment. 

To meet 

The personal hygiene 

The MESA I shower system design was based on the general concept 
t h a t  two gallons of water could be continually recovered through 
proper treatment and f i l t r a t i o n  for reuse and t h a t  heated cabin 
air  could be used as a drying medium. 
t h i s  a sharer  system was designed t h a t  consisted of the following 
components : 

In  order t o  accomplish 

A. Sharer stall with water spray and d r y i n g  air. 

B. Mult i - f i l t ra t ion unit that provided f o r  chemical f i l t r a t i o n  
(charcoal, and ion exchange) of the  water, holding tanks, 
and the necessary pumps and plumbing. 

Mater from the  sharer system w a s  used f o r  the t o i l e t  f lush  water, 
with make up obtained from the  water system. 

"he personal hygiene system consisted of a sink, mirror, lights 
and electrical .  power f o r  shaving. 
provided, the water supply was  by gravi ty  feed from the water 
treatment system, the s ink  w a s  drained by a centr i fugal  pump 
and a ball type check valve was instal led in the  l i n e  between 
the  pump and the waste system. 

A non-spring loaded t ap  w a s  

Both systems were tes ted  i n  the  laboratory and operated i n  a 
sa t i s fec tory  manner. 
diagram Figure 36 f o r  the sharer system and Figure 37 fo r  
t he  hygiene system. 

The f i n a l  configuration is sham i n  block 

>zing the  two Gay pre t e s t  5o%h sys+,-m were ? s e d  a d  there 
were no reported problems with ei ther  system. 
abort t e s t  both systems were operated. 
problems with the shower system. 
functioned properly with the  exception of the  check valve in  the 
drain line which continually plugged. 
feature  w a s  the  long time required t o  pump water from the  wash 
bowl t o  the w a s t e  system. 

During the 4$ day 
There were no reported 

The personal hygiene system 

Another undesirable 
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0.1.7.2 MESA TI 

The personal hygiene and shower system requirements did not 
change from those of MESA I. 
add an  ad,justable defuser plate at the air  inlet  t o  t h e  shower 
stall t o  provide the  crew with a means fo r  individual  adjustment 
of the  drying-air flow. 
as follows: 

The shower system was modified to 

The personal hygiene system was modified 

A. The drain l i n e  check valve w a s  redesigned using a rubber f l ap  
valve housed i n  a plexiglass  cylinder. 

B. A used-water sump w a s  added t o  the system. 
control led by a float-microswitch provided f o r  automatic 
draining of the  system t o  t h e  waste system. 
cluded t o  a c t  as a so l id s  trap. 

A submersible pump 

A screen w a s  in- 

C. As a means of conserving water the non-spring-loaded faucet 
was replaced with a spring-loaded faucet. 

The f i n a l  configuration of the  personal hygiene system is as shown 
by block diagram Figure 38 and the  shower system i s  as shown by 
block diagram Figure 39. 

SYSlTM TESTS 

The personal hygiene system performed s a t i s f a c t o r i l y  during the 
17-day test. 
t h e  manned (4-day) portion of the test and the  following items were 
reported : 

The shower system was used by the test crew during 

A. On the  t h i r d  day of the  &-day manned p a r t  of t h e  test the crew 
reported t h a t  an odor of H2S was being given off at the fresh 
water tank. During the time i n t e r v a l  p r io r  to  the beginning 
of the  30-day test an invest igat ion i n t o  the possible  source 
of H2S generation was made .  
explained and never reoccurred. 
charcoal w a s  replaced and the  ion exchange r e s in  regenerated 
on the o r ig ina l  sodium cycle. 

However, the t rouble  could not be 
During this t i m e  i n t e r v a l  t he  

R. The time in t e rva l  required t o  cool t he  f r e sh  water tank after 
pastur izat ion exceeded the allowable limit. 
up the cooling rate a glycol loop was added to  the  tank. 

In order  t o  speed 

Operation of the Hygiene system during the e a r l y  p a r t  of the 
t h i r t y  day test showed that too  much water would become trapped i n  
the bottom of the sump tank and that  it became qui te  rank. 
configuration was changed by the  crew mekbers t o  reset the 
f l o a t  l eve l  and lower the pump inlet t o  the  tank bottom, using 
an extension of tygon tubing. 

The 

The screen performed its function 
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very well but was d i f f i c u l t  t o  clean, consequently, it w a s  passed 
au t  f o r  cleaning i n  the lab. 
appraxhnately every 5 days 

Cleaning of tank and screen was done 

The shower system malArnctioned as follows: 

1. Crew reported water would not f i l t e r .  Investigation shoved 
that the configuration was changed t o  allow the water leaving 
the charcoal f i l t e r  t o  enter a t  the top of the ion exchange 
column. It was also reported tha t  the fresh water was mi-. 
It w a s  reccmmended t h a t  both f i l t e r s  be passed out of the 
chamber f o r  cleaning. The charcoal w a s  replaced and the  ion 
exchange regenerated. The f i l t e r s  were re ins ta l led .  

Crew reported fresh water tank cooling not uniform. 
pump was used t o  m o d i f y  the  configuration t o  provide circula-  
t i on  of the water in  the tank. 

B. A spare 

No fur ther  trouble reported. 

C. Again the crew reported the water t o  be milky and slw. 
The slw feel ing was due t o  high pH. 
again pas.ed out of the chamber. A t  this time laboratory 
experiments were perfowed and it appeared that the additFon 
of m r e  CAD would prec ip i ta te  the soap on the charcoal. 
help pplx the  CAO thoroughly with the used water a pump 
was plumbed t o  the tank t o  c i rculate  the water. 
also proved t o  be iaeffect ive and any fur ther  attempts t o  
improve the system were abandoned. The emergency chamber 
penetrations were used t o  drain the used water and to supply 
f resh  water. 

Both filters were 

To 

This approach 

D. Crew reported d i f f i cu l ty  with t ransferr ing the water from 
the shover drain t o  the used tank because of loss of prime 
in the pump. 
provided eas ie r  priming. 

A by-pass l i n e  was added t o  the plumbing which 

6.1.7.3 Recanmendations 

Personal Hygiene System 

Recolmnendations are as follows: 

A. Replace p l a s t i c  impeller pump with a self-priming pump. 

B. Investigate use of paper f i l t e r s  b a t e a d  of s t a in i e s s  steel 
screen that could be disposed of in the t o i l e t .  

C. Eliminate sump. 
Shower System 
Recommendartions a re  as follows: 

A. 

B. 

A chemical research program necessary t o  solve the  problem of 
soap precipi ta t ion,  and control of pH. 

Self-priming pumps should be used. 

13 5 
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6.1.8.1 MESA I 
DEVELOPMENT 

-_--- 

The b d . C  requirement was t o  provide a f a c i l i t y  enabling the 
crew t o  recons t i tu te  freeze dr ied food. 
a re  as follows: 

A. Provide hot wates at a temperature of 90°F and 165 F And 

The d e t a i l  requirements 

0 

cold water a t  45 F. 

B. PTvide a w a r m i n g  oven capable of Tintah temperature at  
90 F and 1 6 5 " ~  and a cold box a t  45 F. 

The engineering concept used t o  meet the requirement was as 
follows: 

A. A three l i t e r  s t a in l e s s  steel tank containing an e l e c t r i c  
emersion heater thermostatically controlled was used f o r  
supplying hot water. 
sp i ra led  glycol tube was used f o r  the  cold water supply. 
Water was fed t o  both tanks from the potable tank of the 
water treatment system by gravLty. 

A tank of the  same s i z e  w i t h  a braised 

B. An insulated metal box par t i t ioned  in to  two pa r t s  w a s  used 
f o r  the w a r m i n g  oven and the  cold box. 
were in s t a l l ed  inside the bax. The le f t  s ide  w a s  equipped 
with a s t r i p  heater  and thermostat and the right s ide  contained 
the glycol cooling C O ~ ~ S .  
manually operated pis ton and cylinder un i t s  with adjustable  
s taps  cal ibrated i n  ounces f o r  use in metering t h e  water. 
The cylinders were plumbed through check valves t o  the nylon 
dispensing nozzles. 

The water tanks 

Also installed in the  box were two 

Access w a s  provided by two hinged doors. 

Following Ins t a l l a t ion  in the chamber, ca l ibra t ion  t e s t s  were 
made t o  es tab l i sh  the  thermostat s e t t i ngs  for the  two temperatures 
required f o r  both the hot water tank and warming oven. 
was also made t o  ver i fy  the  temperature of the cold water and 
box. 

A check 

The f i n a l  configuration of the system is sham on block diagram, 
Figure 40 . 

SrsllEM TEST 
An evaluation of the  systems performance w a s  made during t he  
pre MESA I t e s t  and the attempted 30 day test. The only reported 
malfunction w a s  a small  l eak  in the hot water dispensing nozzles. 



~ 

b.1.8.2 

6.1.8.3 

MESA I1 
D h W m  

After the aborted t e s t  the following design refinements were made: 

A. For tox i logica l  reasons the plywood cabinet w a s  replaced wi th  
a m e t a l  uni t .  

B. The door seal material  w a s  replaced with a l e s s  odorous rubber 
and the door la tches  were redesigned t o  provide more posi t ive 
latching. 

C. The heater thermostat control  knobs f o r  both the oven and tank 
were mounted on the  face of the box f o r  easy access. 

D. Thermomters were added t o  show the temperature of the water 
i n  the tanks and i n  t h e  boxes. 

The configuration f o r  MESA IIis as shown on Figure 40 . 

P r i o r  t o  the 17 day tes t ,cal ibrat ions were made t o  determine the 
knob posit ions f o r  90°F on the thermostats f o r  both the  tank and 
oven. During the test no additional calbirat ions wereomade but  
it was noted t h a t  the  cold box temperature w a s  about 5 F higher 
than the  water tank. 
the crew used only the  cold water f a c i l i t i e s  and reported no 
malfunctions. 
thermostat knob posit ions f o r  165 F were established. 

During the  4 dqr manned pa r t  of the t e s t  

Following the 17 d p  test the  oven and hot water 

The system performed very well during the 30 day test. 
and crew cri t ic isms w e  as follows: 

Malfunctions 

A. Both water dispensing nozzles leaked caused by improper 
check valve seating. 
ro ta t ing  the nozzles t o  the  up posit ion.  

However, the leak w a s  stopped by 

B. Crew c r i t i c i s e d  the need f o r  applying a subs tan t ia l  force 
t o  the pis ton i n  order t o  meter water. 
fits and possible swelling of the p l a s t i c  could account 
f o r  the high lo&. 

Tight "0" ring 

l3Eci)MMENDATIONS 

Based upon the sa t i s fac tory  performance of the system the only 
recommendations change is t o  develop a d i f f e ren t  concept f o r  
metering water requiring less actuating force.  
reported could be eas i ly  corrected by use of b e t t e r  gual i ty  check 
valves. 

-- - - ~  

The leak problem 
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6.1.9 TEST BED 

6.1.9.1 MESA I 

DEVELOPMENT 

The basic  requirement was t o  provide a pressure chamber to contain 
t h e  l i f e  support equipment necessary to maintain l i fe ,  to provide 
l i v i n g  accommodations, food and clothing stowage fo r  f i v e  people 
f o r  t h i r t y  days and the subjects. 
be available to allow t h e  passing of samples i n  and out  of the  
chamber. 

In  addition, provisions w e r e  to 

The variable pressure chamber used to encapsulate the MESA system 
was designed and b u i l t  by the Vacudyne Corporation of Chicago. 
consists of a l a rge  rectangular vacuum chamber connecting t o  a 
smaller cyl indrical  chamber consisting of an a i r lock  and a pressure 
section. The vacuum chamber is 22 feet  long, 8 feet high, and 10 
feet  wide with one e n t i r e  end consisting of a door which slides 
open to permit entrance of l a rge  pieces of equipment f o r  testing. 
The chamber is  a l so  accessible through smaller personnel doors 
located i n  the ends of the cyl indrical  chamber. 
chamber has an 8-foot diameter and 16-foot ove ra l l  length. A bulk- 
head w i t h  a personnel i t ~ r  c?isiCes the chEiniber to  form two separate 
compartments. The total  chamber volume is  2350 CU. f t .  

It 

The cy l ind r i ca l  

The cyl indrical  chamber, in addition to its vacuum capabili ty,  may 
be pressurized to 7 atmospheres. 
mounted on the  top of the chamber connecting the l a rge  rectangular 
section to the  cyl indrical  section. 

A rapid decompression device is 

To permit viewing of the  chamber interior, 10 windows a r e  placed i n  
s t r a t eg ic  locations.  

Approximately 40 penetrations were avai lable  t o  f a c i l i t a t e  i n s t a l -  
l a t i o n  of tes t  components. The penetrations vary i n  s i z e  from 1/2 
inch to 6 inches. 

'Ib adapt the variable pressure chamber to meet MESA requirements, 
minor modifications were necessary. 
modifications and t h e i r  purpose: 

The following i s  a l is t  of 

A. Isolat ion Plugs f o r  Rapid Decompression Device 

Prevented possible contamination of chamber atmosphere and elimi- 
nated a possible source of a i r  leakage. 

B. Removal of Cylindrical Section I n t e r i o r  Door 

Permitted greater  u t i l i z a t i o n  of i n t e r i o r  space f o r  crew sleeping 
area. 



e 6.1.9.1 C. k’enetrations 

Special adaptors were fabricated t o  l‘aclli Late e l e c t r i r a l  and 
plumb b g  ills t a l l a t ions .  

D. Pressure Coritrol 

An autorliatic posit ive pressure c~ntrol wtls designed and fabr.i ct l ted 
t o  pressurize and maintain a postt ive pressure i l i l j  ide the chairiber 
a t  a l l  times. The control included a mctcir to record volur,le of  
“make-up“ gas required during test series. 

E. Reireval of Unnecessary Equipma t 

A l l  criambcr ? ighting, valving and a i r  conditionill# equiprrit?l,t l i o t  
needed t,o s u p p o r t  cnamher operations during t i i e  test was rermvea 
fror. the chamber Interiar. 

F. Scaled C‘nanber Windows 

A11 of the windows except for one at, tne l i v i n g  area and m e  a t  
t h e  operations area were sealed. ‘?ne windows a t  the i iviru-  3n; 
operations areas were covered with one-waj. g lass  wnicn d i c  not  
allow the subjects t C J  :;ec out. 

G. Air ‘cnck 

A 6-Fncti diameter a t r  locK was insta?le:l i n  t h e  cyLindrica1 
.;rctior, t o  permi t  nassing i n  and <;ut s r d l  i t e m s  necessary tc, 
conduct t n e  test. 

;le chaxlber was divided into three general areas. 
sleeping area, l i v i n g  area and the operations area. 

T‘ese were :.he 

Tn addition to b e  systcmc ncntioned 
chamber was fun i she :?  witn the folLowirlc equip!.ient : 

elsewhere i n  t h i s  document, t h e  

A. Bun’s 

3. Fmd storagc racks 

C. Clothing stowage lockers 

3 .  Table and chairs 

X. Command Conso1.e 

r m  Ine command console is located ir the operations area of the chamber 
and was manned 24 hours/d&y. 
functions : 

The crmmanii console served the followil,g 



A. 

€3. 

C. 

D. 

E. 

Provide f o r  cen t r a l  e l e c t r i c a l  power source f o r  a l l  
systems. 

F'rovide a cen t r a l  monitoring s t a t i o n  f o r  the  s t a tus  
systems . 

9 
l i f e  support 

of the  l i f e  

Present a series of performance tasks t o  the  crew members. 

Provide a cen t r a l  log-keepinq stutha. 

Provide a central s t a t ion  f o r  communication w i t h  the outside of 
the chamber. 

The equipment and subsystems were made of plywood f o r  the  MESA I 
t e s t s  . 

SYSTEM TESTS 

Chamber leakage t e s t ing  was conducted on a continuing bas i s  a s  the 
t e s t  components were being installed.  This procedure indicated the 
e f f e c t  of each component on chamber in t eg r i ty  and leakage r a t e .  
justments were made on the chamber and test components to ensure t h a t  
the t o t a l  leakage did not exceed one pound of a i r  per day. A l l  leak- 
age determinations were reduced from the  automatic pressii.re control 
system readings, and based on the t o t a l  make-up nitrogen gas require-  
ment f o r  a period of 24 hours o r  more. 

Ad- 

The basic  requirement f o r  MESA I1 were the same a s  f o r  MESA I. 
addition, it was decided to i n s t a l l  a personnel access lock and a 
large a i r  lock. 
ing addi t ional  modifications. (See Fig. 41 ) 

In 

The chamber configuration f o r  MESA with the follow- 

A. 

B. 

C. 

Air F i l t e r s  

Two MSA CBR filters were attached to t he  chamber a i r  in-bleed 
system t o  permit complete f lushing of the chamber a i r  p r i o r  to 
start of tests. 

Air b c k s  

An addi t ional  a i r  lock 10" diameter was i n s t a l l e d  i n  the  cy l indr i -  
c a l  sect ion to permit passage in and out  of s m a l l  items necessary 
to conduct the test ser ies .  

h r R e  Personnel Access b c k .  

Permitted access by personnel, during the  unmanned'portion of t he  
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D. 

E. 

F. 

test, without dis turbing the environment created by t e s t  
components. 

C a r g o  Door Latches 

Adjustable l i n k  assemblies were designed and fabr ica ted  to re- 
place standard "fallaway" type latches. 
permitted seal ing of the  cargo door. 
pressures up t o  2 psia. 

The adjustable  l i n k s  
For in t e rna l  chamber 

Paint Removal 

A l l  paint  was sandblasted f r o m  the chamber i n t e r i o r  t o  prevent 
possible contamination. 

Wood Removal 

Prior t o  the  s t a r t  of t he  17-day MESA I1 test, all of the furnish- 
ings and system components made of plywood were reconstructed of 
metal. 

SYSTEM TESTS 

Because of the increased noise l e v e l  in the chamher; diie  to t h e  1 0 ~ 5  
of the sound deadening capabi l i ty  of t he  plywood, accoust ical  tests 
were conducted i n  the  chamber. 
material was ins t a l l ed  on the  f l o o r  and the  a i r  conditioning system 
was insulated. The noise l e v e l  i n  the  chamber was a t  an acceptable 
level.  There was a noticeable improvement i n  the  speech coxumuni- 
cation environment based on S I L  c r i t e r i a  because of the sound ab- 
sorption provided by the  rug. Fig. 42 shows the  noise l e v e l  i n  tk! 
operations and l i v i n g  areas, Fig. 43 shows the  noise l e v e l  i n  the  
sleeping area and Fig. 44 shows the  noise l e v e l  i n  t h e  audio-visual 
booth. 

A rug made of spec ia l  non-toxic 

Leakage tests were conducted in the  same manner as  f o r  MESA I. 

During the 30-day test the  t o t a l  amount of make-up N 
209 CU. f t .  
required t o  maintain the  chamber pressure p r i o r  to the  s t a d - u p  of 
t h e  respiratory system. 
N was used because of atmospheric pressure changes, leakage through 
t?ie a i r  locks andaccidental venting through the  gas sampling equip- 
ment and the water col lec t ion  system vent. The leakage make-up 
N averaged 3.7 CU. f t .  per day. 

required was 
It was calculated t h a t  91 cu. f t .  of ma $ e-up N was 

The addi t iona l  118 CU. f t .  of make-up 

Based on the  t o t a l  chamber volume, 
t 2 e average requirement f o r  make-up N2 was 0.16% per  day. 

From the  data it can be seen t h a t  the  leakage was very small, t h a t  
there  was a minimum change of t h e  chamber a i r  and the  contaminants 
generated by the  systems remained i n  t h e  chamber. 



@! .9 . 3 Recommendations 

The chamber provided a sa t i s fac tory  test bed. 
equipment and the space avai lable  was such t h a t  the  functions of work, 
sleep and "living" could be accomplished with a minimum of interference 
between the crew members. 

The arrangement of the 

The noise l e v e l  in the cabin was acceptable, bu t  the sleeping area 
should be Isolated f r o m  the operations and l i v i n g  areas t o  a higher 
degree than they were f o r  the MESA program. 

Consideration should also be given to accoust ical ly  i so l a t ing  t h e  
chamber f r o m  the  outside environment. Noise from equipment and 
personnel located outside the chamber could be heard through t he  
steel walls of the  chamber and proved disconcerting t o  the test 
crew. 

i47 
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Photo 23: MESA I CHFil'rBER SHOWING PLY'31JOOD.CEILING AND FLOOR TILE 
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Photo 25: MESA I I  CHAMBER - SLEEPING AREA 
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6.1.10 RECOMMENDATIONS FOR A FIVE MAN - 30 DAY S Y ~ ~ E M  

This section contains the results of a review of possible l i f e  
support subsystems. A recommended 5 man - 30 day l i fe  support 
system is presented along wi th  subsystem selection rational.  

A final selection of any l i f e  support system without detailed 
trade studies hvolvhg space vehicle design parameters is not 
possible. But, on the "broad basis" comparison, the selected 
system has merit, and w i l l  be very similar t o  a f i n a l  choice 
if detailed trade studies are conducted. 

The reconmended 5 man - 30 day l i f e  support system consists of: 

1. Respiratory Suppol-t 

a. 
b. 
c. Electrolyticcell  fo r  S, production. 

Molecular Sieves (regenerable) f o r  CO2 control. 
Sabatier Reactor f o r  02 regeneration. 

2. Waste Treatment 

a. Feces and organic waste collection bag. 
b. Chemical treatment of collected w a s t e .  
c. Storage of treated waste. 

3 .  Water Treatment 

Vacuum compression - pyrolytic d i s t i l l a t i o n  

4. Trace Contaminants Control 

a. Material Selection 
b. Cataiytic Oxidizer 
c. 
d. Activated charcoal 

Htrmidity condensate and Chemical Absorber 

5 .  Humidity underflow 

Feed t o  water treatment subsystem 

6 .  A l r  Conditioning 

a. Z m e  coolem ?sr teqerELtQ2-e cn2t,ml 
b. Central, cold plate  condenser f o r  humidity control. 

7.  Personal Hygiene 

a. Improved HESA shower system 
b. Mechanical shower 
c. 

d. Clothes washer 

Chewing gum, mouth wash, and eatable tooth paste 
for  dental care 



8. Feeding 

a. Improved MESA system 
b. Irradiated freeze dried food 

A. Stored 

1. H i g h  pressure 
2. Cryogenics 

*3. Solid chemicals (NeX)z) 

B. Regenerated 

1. Sabatier 
2. Botsch 
3 .  Solid electrolyte 
4. Molten salts 

Cw2 Control 

A. Chemical 

*l. Chemisorption ( L i O H )  
W .  Solid chemicals ( N d 2 )  

B. Regenerable 

1. Molecular sieves 
2. Solid amines 
3 .  Silver oxides 
4, Electro chemical 

*MESA 

The various methods considered for respiratory support for  
a 5 man-30 day system are outlined above. 

The 150 m a n - w  mission requires that oxygen regeneration 
be used on a weight, power, and volume basis. 
cal ls  f o r  a regenerable carbon dioxide control system t o  
supply the oxygen regeneration system with recovered metabolic 
carbon dioxide. A thirditem, an electrolyt ic  ce l l ,  is needed 
if ei ther  the Sabatier or Botsch reaction is used for  oxygen 
regeneration. 

This in turn 



Based on the mission requirements, power, weight, volume, a 
availabil i ty,  and an assumed hlgh paver penalty, a 
combination of molecular sieves - Sabatier reactor-electro- 
l y t i c  c e l l  have been selected fo r  future system recommendation. 

The proper electrolytic c e l l  has not been determined but w i l l  
be ei ther  membrane, phosphomns pentoxide, or  liquid electrolyte. 

1. chemical Ster i l izat ion (gas or liquid) 

2. Containment 

3. Wet and Dry heat s te r i l i za t ion  

4. Incineration 

5. Freeze dry 

6. Vacuum D r y  

7. *Aerobic Culture 

8. Irradiation 

9. Freezing 

10. Desiccation 

Waste treatment for  a 150 man-day mission requires the 
handling of approximately 45 pounds of waste material. 
This can be most eff ic ient ly  accomplished by a low weight 
collection and chemical. treatment method where parer and 
handling weight penalties are eliminated. It is recommended 
t h a t  a feces and organic garbage collection bsg be used with 
chemical s te r i l i za t ion  and subsequent storage of the treated 
waste. 



WATER TREATMENT 

Pyrolytic d i s t i l l a t i o n  
Vacuum d i s t i l l a t i o n  

Vacuum Compress ion - d i s t i l l a t i o n  
Membrane Electrodialysis 
Membrane Permeat ion 
Freeze d i s t i l l a t i o n  
Ultraf i l t ra t ion 
Thermoelectric d i s t i l l a t i o n  
Electrolysis fuel c e l l  
Spray condenser 
Zone Refining 
Wick evaporation 

vacuum pyrolysis 

Above is a list of various techniques proposed for  water 
recovery in a space vehicle l i f e  support system. 

The recommendation of a water treatment system f o r  a future 
5 man 30 day syste!! fieperk an ~ubsystem developnent status, 
parer, weight, volume, post and pre-treatment requirements, 
and the  establishment of the final water product potabil i ty.  
Based on the above comparison, it is recammended that a 
ncuum compression pyrolytic d i s t i l l a t i o n  combination uni t  
be used. T h i s  would combine the feature of absolute pot- 
a b i l i t y  afforded by catalyt ic  pyrolysis and low operating 
cost i n  t e r n  of power weight and volume. 

The MESA system provided potable water, but the high 
temperature operation (225 F boi ler  temperature) Induced 
three problems solved by the recommended system: 
(b) foaming, (c )  high carry over of salts requiring ion 
exchange post treatment. 

(a) scaling 

TRACE CONTAMINANT CONTROL 

*Material selection 
+catalytic oxidation 
+6orption 

Adsorption 
Absorption 

*SA 

Trace contaminant control m e t s d s  employee, i n  the MESA program 
are outlined above. 
for  a combination of all the l i s t e d  methods, therefore, the 
recommended 5 man-30 dqr contaminant control system w i l l  
contain: material seclection criteria; catalyt ic  oxidizer; 
humidity condensate aboorber; activated charcoal; and 
Chemical absorbers. 

The MESA program evidences a requirement 



m 1 T Y  UNDERFLOW 

*Ion exchange 

Wharcoal f i l t e r  

*Silver F i l t e r  
U.V. Lamp 

+MESA 

Humidity condensate treatment methods are l i s t ed  above. 
The MESA program results indicate that present methods of 
humidity underflow treatment requires a large penalty in  
stored supply f o r  charcoal f i l t e r s .  It is recommended that  
a future 5 man-30 day system include the humidity underflow 
water in the feed of the waste water treatment system. 
The quantity of humidity water available suggests that  it 
be used as flush water i f  applicable 

Temperature Control 

1. Zone cooling 
W .  Central cooling 

Humidity Control 

1. Adsorption 
+2. Condenser 

The MESA air conditioner consisted of a central  cooler- 
condenser with air  distribution ducts t o  dis t r ibute  the 
conditioned air. 

A recolmnended system for  a future 5 man-30 day system would 
consist of: 
fo r  temperature control; 2) a s m a l l  central hronidig condenser 
water removal unit for  humidity control. 

This approach w i l l  have the advantage of lower power require- 
ments w i t h  more accurate control of temperatures in various 
locations in the vehicle. 

1) Zone coolers without subeequent condensation 
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PERSONAL WGIENE 

Body Wash 
*Sharer 

Chemical cleaning pads 

Shaving, N a i l  clipping, etc.  
*Mechanical 
Chemical (depilatory salves ) 

Dental Care 
*m 
Wouth wash 
-00th paste 

Clothing 
Washable 
Disposable 

V a r i o u s  methods of providing personal hygiene are l is ted 
&ave. 

The desirabil i ty of providing a shower in a 5 man-30 day 
system was established during the MESA program. Although 
a cleaning pad method fo r  body cleaning can be shown less 
expensive in trade studies, the development of a low-cost 
shower system is s t i l l  recannaended. 

The mechanical shavlng method has proven t o  be acceptable 
and is reconauended. 

Dental care should combine those elements used i n  MESA 
(chewing gum, mouth wash, and eatable tooth paste). 

A suitable wash sub-system is recumended to maintain the 
clothing over the aclection of disposable clothlng. 

In general, the metal and physical w e l l  being of the crew 
has dictated system selection versus weight, power, or Mime 
cr i ter ia .  



6.2.1 TOXICOLOGY -. 

6.2.1.1 MESA I 

A. Basic Requirements 

Since contaminants i n  t h e  chanber atmosphere w i l l  occur, provl.- 
s ion m u s t  he made t o  predict and determine them, t o  measure 
t h e i r  concentration and t o  evaluate t h e  physiological re- 
sponse tc. them. 

1. Requirements f o r  l i s t  of possible tox ic  contminants :  

To safeguard the  heal th  of t e s t  subjects  t h e  tox ic  gases 
which might occur must be known and l i m i t s  se t  f o r  sa fe  
operation i n  t h e i r  enviroment . 

2. Requirement f o r  toxicology monitoring equipment 

The t r ace  contaminants must he detected ard t h e i r  conceritra- 
t i ons  .monitored a t  l eve l s  less  than t h e i r  maximum allowable 
concentration. O n l y  by constant, measurement can harmful 
evolution be revealed and unsafe conditions found i n  t i n e  
t o  correct  them. For most t ox ic  contaminants t he  detect ion 
instruments w i l l  have t o  be sens i t ive  t o  concentrations i n  
the  p a r t s  per  mil l ion ranee. 

3. Requirement f o r  tox ic  gas smpling:  

Representative samples must be taken from many locat ions i n  
the  chamber i n  a einimum length of time. The sanples can- 
not be a l t e r ed  between the  sampling point  end the  indicat ing 
instrument. 

B. Toxicology Concepts i n  MESA I 

1. €'re-July Studies of Possible Toxicants 

I n  the  ear ly  phases of MESA concepts t r a c e  contsr inants  
were considered a s  a po ten t ia l  problem area.  k l i t e r a t u r e  
search was made t o  detem,ine t h e  most l i k e l y  t r ace  contami- 
nants which might occur during extended confinement. A 
list, of these compounds was compiled pr imari ly  from the  work 
of the  following au thor i t ies  p lus  Boeing work on the  tox i -  
cology resu l t ing  from thermal degradation of mater ia ls  f o r  
use i n  space cahins: 

H. W. Hays, Advisory Center on Toxicology, Nat ' l  

H. C. McKee, et.  al. Southwest Research 1ns t i t .u te  
R. A. Saunders, Physical Chemistry Branch, Navy 

Academy of Science 

Res. Lnb. 
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TABLE 2 

ATMOSPIIERIC CASES A M ,  TRACE CONTAMIIJJhNTS 

Free c‘ Out Ma st, At no:;pli c r i (I 
Go s ar,C 0::onf: MAC 

Gn s Mor! i t o r  Absorption Ana l y  :,e r’ _c 
PPI4 - 

Oxygen X 

Kitrogen X 

Carbon Dioxide X 

Carbor, Mo?oxide X 

1 

2 

10,000 

10 

4,000 

5,000 

1c 

X 

5 
X 

Pmrronia X 

Yater V q c r  X 

Met h .A n 01 X 

Ethanol X 

Fropano!. X 

Fo_-rrinldehyrq t? X 

Acetaldthhyc-’? X 

x 
3.0 

250 

X 

10 X 

1co 

0.5 

x I1 

X 12 

20 X 13 

14 l@C x Acetone X 

Benzene X 

Toluene X 

Hytirogen Sulfide X 

5 X 15 

1.6 X 

2 X 17 

18 2,000 X Acetylene X 

Nitrogen Dioxide X 

X 

0.5 19 

20 0.05 0::one 
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T. A. Weber, c u r r e n t l y  Beckman I n s t r ,  Previous1.y 
School of Aerospace Mcd. 

The list, of  gases  included t h c s e  found in submarTne c tudicc ,  
Mercury Space F l i g h t s ,  and simulated space chambcr experi-  
ments. Gases known tm have occurred from i s o l a t e d  sources, 
which were not  included, .rere eliminated f r c m  the  l i s t .  
The remaining most l i k e l y  gases were l i s t e d  toge ther  u i t h  
n r b j t r a r y  safe MAC'S f o r  a t h i r t y  day cont i runus exposure. 
Thc l i m i t s  were recommended by Dr. Hays o r  were a r b i t r a r i i y  
set. a t  10% of t h e  i n d u s t r i a l  MAC f o r  8 hour cxposure. 
l e v e l s  were considered s a f e  under 31J circumstances. See 
a t tached  l ist .  

These 

2. MESA I Instrumentat ion Concept 

Continuous a n a l y s i s  f n r  a l a r g e  number of var ied t y p e s  of 
compounds was required.  The instrumentation had t o  measure 
major gas  c o n s t i t u e n t s  i n  p e r  cent m o u n t s  a s  well as +.race 
gases,  i n  p a r t s  per  mi l l ion .  The gas chromatograph was t h e  
only type  of instrument c u r r e n t l y  a v a i l a b l e  vhich ~lculd 
handle t h e  var ied  complex mixtures without computer reaciout . 
However, t o  g e t  t h e  s e n s i t i v i t y  requiredkan ioni ra t ior ,  (;e- 
t e c t o r  was necessary.  Most, i o n i z a t i o n  d e t e c t o r s  were 
l i m i t e d  t o  a f e w  c l a s s e s  of compounds, but a newly developer?. 
d e t e c t o r  by Karnen depended upon ioniza t ion  i n  t h e  glow 
discharge regior. and could respond t o  a l l  t y p e s  cf gases  
including f ixed  gases,  organic vapors, halogenated conrpour.i'in 
anc; sulphur containing compounds. The t a b l e  of prcba'cle 
t r a c e  contaminants shows t .hat  t h e  Karmen d e t e c t o r  could sce 
all of t.hese gases  t h a t  car, be eluted from columns. Such 
an instrurr,ent had been miniaturized and de l ivered  t c  NASP., 
which f i l l e d  t h e  need f o r  a system which coule  he mzc!c 
f l i g h t  ready. 
from B e c h a n  I n s t r m e n t s  t o  have the Karmen detect.or am? an  
automatic stream s e l e c t o r  xhich c01il.d sanple  a number. of 
s t a t i o n s  automntical ly  and i n  sequence. To separate  kotk 
permanent gases and organic vapors, e two columri ins t runent  
was selected with an autcmatic programer  t o  switch flow 
and i n j e c t  senples. 

A process model gas chromatograph was orrlered 

To back 'JP t h i s  instrument 's  oxygen and carbon dioxide 
read-out, a continuous monitor tias required.  A Beckman 
nodel F-3 was chosen with i t s  continuous o.uy&en recorking 
A ( r u ~  C. Carbon dioxide i s  most reproducibiy analyzec; with 
non-dispensive i n f r a  red instruments so both a Beckman mo6.el 
15A and an MSA Lyra 300 were selected f o r  the  tes t .  

Pa"+....... 

Iodometric d e t e c t i o n  of t h e  oxid i .  ing gases,  o..one and 
ni t rogen dioxide,  was read continuously on t h e  Mast Osonc? 
Meter. 



C. 

Other gas detect ion methot!s which were consjdercd a s  back 
up f o r  the gas chromatograph were based on chemic81 color 
methods. Nitrogen dioxide, arrmonia ant; ozone were t o  I J ~  
analyzed color imetr ical ly .  As LI ready check f o r  a x i r i c ? t Y  
of spec i f ic  Gases chemical de tec tor  taulies by MSA ancl 
Kittigaira vere stocked f o r  err;cr@?ncy ancl back up usage. 

3. Coccept of Toxic Cas Sampling 

Samples should be taken i n  each c r i t i c a l  area.  
l a t ion  i s  require? t o  give a t r u l y  representat ive saipple 
of the  en t i r a  quant i ty  of p:i. 
te f l ex ib l e  e s sen t i a l ly  inert .  t o  t hc  gases, of m i n i m  
length, and of su f f i c i en t  diameter t o  allow t,he f h w  re- 
quired t c  give an up t o  the  minute sarrple. Quarter inch 
neoprene tubing was selected because i t  i s  smooth, f l ex ib l e ,  
leak proof, an? la rge  enough t o  allow flows of several  
hundred mil l i l i ters  per  minute without great, pressure cirop. 

Good circu- 

The sampling l i n e s  should 

Three analytical .  n:ethods were serviced by t h e  sampling 
l i n e s  - d i rec t  gas anzlysis  instruments, concentretior. 
sarpl ing t raps ,  and microbiological. 

The locat ion of t he  sampling points  vere selected t o  pro- 
~ ~ l i t :  1111 wr.ibAaiicjri & u u i  iiic iwxic gab fu rma i ion  occurring 
i n  c r i t i c a l  locat ions and equipment i n  the  chmbcr. The 
following t a b l e  describes the  sampling poin ts  ani! t he  reason 
f o r  monitoring. 

Fig. 45 shows t he  locat ion and sequcnce of these sampling 
points.  

--, 7 .  , .--- 

Less than detectable  concentrations of t r a c e  contaninant s 
coulci build up an6 becone apparent i n  long or duration 
tests. To improve the  p o s s i b i l i t y  of detection, concentra- 
t i on  techniques were developed t o  co l l ec t  t he  contaninants 
f ron  large volumes of chamber a i r  by freeze out i n  l i qu id  
nitrogen o r  by abserption on act ivated charcoal o r  s i l i c a  
gel .  These samples could l a t e r  be processec: by sens i t i ve  
gas chromatography, chemical o r  spectrophotometric techni- 
ques. 

Toxicolo@;y Studies 

1. In ea r ly  experimentatioc with sealed chamber expeyiments, 
l i t t l e  i n  the  way of toxicology problems occurred. 
sealers ,  and pa in ts  containing v o l a t i l e s  had been avoided. 
Volat i le  chemicals were not used. Combustion of mater ia ls  
was generally omitted. However, t he  combination of many 
subsystems had not been attempted. 
sub-systems f o r  pro jec t  MESA, problems arose.  

P l a s t i c s  

Upon in tegra t ion  of thc  

For example, i n  the  atmospheric regeneration system, t h e  
heat r e s i s t an t  gaskets, f i l t e r s  and tubing which WZV 



LOCATION OF SAMPLING mIms 
Area - Locat ion 

b i n  A i r  F1 .o~  k i r c o n d i t i o n e r  
Duct 

u-v Lamp Before and After 

S i l i c a  Gel. Before and After 

Sodium Before and After 
Superoxide 

Hopcal i te  Burner Before and After 

Waste Reactor Before and After 
t h e  charcoal  
f i l t e r  i n  t h e  
exhaust a i r  l i n e  

Other Chamber Areas 

Rca son 

Best r e p r e s e n t a t i v e  sample 
of chamber a i r  

Detect production of G. ow, 
S t e r i l i z a t i o n  effect .  

Check f o r  contaminant re- 
moval. Check f o r  humidity 
control .  

Determine carbon dioxicie- 
o::y~en exchange r a t e  

Check f'or ren;oval G f  
Contaminants. 

Measure e f f e c t  on micro- 
organisms 

Determine contaminants re- 
moved or  generated.  

Check f o r  con t r ibu t ion  of  
t r a c e  gases.  
Detemine t h e  r e l e a s e  cf 
micro oi-&ani sm s . 
Check t h e  e f f e c t  of t h e  
charcoal f i l t e r  f o r  r e -  
moving contaminants. 

Check f o r  s t a g n a t i o n  of 
s t r a t i f i c a t i o n  problems. 
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require6 f o r  corrLbining the  conrponents d i d  show degradation 
and gas production upon use a t  elevRtoij temperatures. 
"Heat r e s i s t an t "  mater ia ls  were not r e s i s t an t  enough. 
Vinyl i te  sleeving f o r  e l e c t r i c a l  conncctior,s gave off 
odors, Thc water treatment system producer? ohno;:ious i f '  
not tox ic  vapors. The waste treatmtmt system produceu somr. 
odors even when operatin& aerobically.  A l l  of these  c:Gurces 
gave off obnoxious odors of unknown tox ic i ty .  However, it 
vas f e l t  t h a t  contaminant renoval equipment would control  
these gases. 

2. a .  
columns and tes ted  for several  days before the  manned tests 
began. 
syringe. Good separation an6 qua l i ta t ive  iden t i f i ca t ion  
could be made with each of the following g a i e i ,  i n  the  
noted volumes, which corresponc? t o  140 ppi, : 

The Kzrmen detector  gas chromatograph was set up with 

Sample gases and gas mi;rtuies were in jec ted  by 

Compound 

Cyclohexane 

Ether 

Formaldehy6e 

Acetone 

Ethanol 

Water 

c02 

Quantity 

10 

7. IC 

10 

5.0 

5.5 

6 

(300 P P d  

Retention 
Time 

5.7 m i n  

2.0 

10 

3.5 

8.5 

12.3 

1.6 

Attenuation 

50 x 10' 
11 

11 

I I  

11 

I I  

I I  

Peak 
Height 

10 

13 

8 

7 

5 

80 

38 

The standzrd gas mixture gave the  following f a c t o r s  f o r  t h e  
const i tuents  on an at tenuat ion of x) >: 102. 

"3 
PPM/div 42 5 12 20 

Gas H2 m4 co 

The quar;t i t ies of organic vapors being used f o r  ca l ib ra t ion  
were not representat ive of the ultimate sens i t i v i ty ;  ha!- 
ever, the  instrument was only being used a t  i t s  mid-range 
i n  attenuation. This showed t h a t  greater  s e n s i t i v i t y  was 
avai lable .  

Most of the  samples were injected by syringe and the  auto- 
matic sampling system was t e s t ed  primarily with t h e  s t a r t  
of chamber t e s t ing .  



i . A l l  other  instruments :.;er.c col i t ra tecl  by zeroinc,  
s e t t i n g  the span and checking w i t h  kncwns. All appeared 
t o  be operat ing normally. 

SYSTEM TESCS 

During p r e - t e s t  of t h e  i n t e g r a t e d  system, 5 men vere  i n  t h e  char:,Lcr 
f o r  two days. Toxicological  problems were minor. The carbon mori- 
oxide concentrat ion remained about 15 ppm f o r  most of t h e  t es t .  
Hydrogcr, vas evolvcci i n  the superoxide bed and  increased ~ r a ( t u a 1 1 ~  
t o  2800 ppa by t h c  end of t h e  t e s t .  Oxygen was maintained betwcer 
19.6 and 21.7$, while carbon dioxi3e was held below 1.6%. 
Amnonia ' m s  detected i n  t h e  chanbcr a i r  i n  Lwo instances.  Gas 
a n a l y s i s  data  d i d  not show t h a t  any o t h c r  unusual gases x r e  present .  

*.en i n s u l a t i o n  on t h e  Hopcalite c a t a l y t i c  ox id izer  overheated, t h e  
gases vhich were evolved i r r i t a t e r i  t h e  eyes and caused headache a ~ d  
nausea. The symptoms cleared up a f t e r  the prob1e:r. was so1:red. 

The t e s t  was s t a r t e d  without a continuous record of chamber a i r  
composition. 
analyzers  follovet? t h e  programicd sequence of s t a t i o n s  w i t h  t h e  
gas chromatograph. which nor.itored t h e  chamber a i r  once each f o u r  
hours. To keep better aware cf gross  chanber c o n d i t i o m ,  t h e  two 
major gas analyzers  were given a separa te  sampling l i n e  Girec t  t o  
t h e  chamber, which woulc. g ive  a continuous record of chamber condi- 
t i o n s  a t  a l l  t i m e s .  The carbon dioxide readings on t h e  gas  chroma- 
tograph d i d  not  correspond t o  t h e  continuous reading instruments  
when rea?ing t h e  seme sample g 3 s .  Fur ther  i n v e s t i g a t i o n  would be 
required t o  dctermice t h e  reason. Samples c o l l e c t e d  w;%h cold 
t r a p s  i n  l i q u i d  ni t rogen were t r a n s f e r r e d  t o  t h e  Wilkins gas  
chromatograph and detected Ly t h e  hydrogen flame d e t e c t o r .  The known 
peaks which were separated were a t t r i b u t e d  t o  a i r  and water. 

The continuous recording ojrjgen and carbon Ilioxice 

During t h e  attempted 30 day test, t h e  chaziber gases  were monitored 
with the  following instruments:  

Location 

Chamber 
Subsystems 
Chamber 

Chamber 

Subsystems 

Subsystems 

Chamber 

Instrument 

Non Dispensive I R  - Beckman 1 5 A  
Non Dispensive I R  - Lyra 300 
Paramagnetic Sensor - Beckman Model F-3 
Polarographic Sensor - Beckman Model F-3 
Paramagnetic Sensor - Becknan Model D-2 

Karman Gas Chromatograph - Beckman 

Mast Ozone Meter, Kittigawa and b S A  
Detector  Tubes 



The gas chromatograph gave good separations and semi-qunntitativc 
data.  Unknown peaks appeared wheri high sens i t i v i ty  was user1 ; r i t t  
the  ps r t ; t i on  column. 
the column o r  pressure pa t te rns  due t o  volving. 
i, ,oisture readings with the gas chromatograph s t i l l  d i d  not corre- 
spond t o  those from other  indications;  fur ther  invest igat ion was 
required. Otherwise, no unknown gases vere seen with the  gas 
chronatograph. 
well, t he  mast o.:one meter malfunctioned or,d d id  not give u s a b l e  
data during the  t e s t .  

These peaks irere a t t r i bu ted  t o  a t tack  on 
Cerbor. dioxide and 

The owgen and carbon dioxiee instruments perfor: ed 

The sampling locat ions were pr imari ly  the same a s  those f o r  t h e  pre- 
t e s t  and the  same sampling diagram applied, Figure 45. 

Sanples were absorbed on act ivated charcoal and were frozen out 
with l iqu id  nitrogen t raps .  
c r i t i c a l  areas  f o r  every 24 hour period. 
chromatograph was,used t o  analyze t h e  desorbed Eases from the  t raps .  
The eluted peaks appeared t o  be primarily air-carbon dioxide, water 
and N20. 
t o  be ident i f ied .  

The samples were trapped from the  most 
The hydrogen flame gas 

Other components were present i n  in su f f i c i en t  quan t i t i e s  

The chamber a i r  became qui te  rank before the  experiment terniinote?, 
however unusual gases were not detectec? with the  monitoring ins t ru-  
mentation. The hydrogen concentration increased throughout the  
eqeriment ,  reading a maximum of 14:rO ppc i n  the chomber a i r  near 
the end. Concurrently, a laboratory t e s t  was made using sodium 
superoxide i n  contact with aluminum; the hydrogen generation did 
l e v e l  off  a f t e r  several  days time. The carbon monoxide l e v e l  i n  
the chamber was held t o  5 ppm or  l e s s .  Traces o f  ammonia were seen 
with the  gas chronatograph i n  various systems, but was 7ero con- 
centrat ion a t  t he  end of the  experiment. Ozone vas detected a t  a 
concectration of .087 ppm once during the experiment. Soon a f t e r  
the  termination of the  t e s t ,  de tec tor  tubes found 0.2 ppm NO2, no 
ammonia, and a pos i t ive  t es t  of 4 un i t s  with a Davis #11 tube which 
i s  sens i t ive  t o  many organic compounds. 
vas not icientified by t h i s  t e s t .  

The organic contaminant 

Final  ca l ibra t ions  of t he  Karmen Gas Chromatograph shoved the  
following f ac to r s  f o r  a known mixture of ghses a t  an at tenuat ion 
of 5,000: 

Gas Conc. (ppm. ) Reading (div. ) Factor(ppm/div. ) 
Methane 100 27 3.7 
Hydrogen 100 6 16.7 
Carbon Monoxide 50 6 8.3 



Organic vapors showed the following s e n s i t i v i t y  a t  f inal  
ca l ib ra t ion  : 

Compound Sample Retention Peak Height AttPnrration 

1 11 t r ich lomethylene  5/4  1 6.'( - 3 0  :>! 100 

methyl chlor ide 5 5.8 4 6  yN0 
methanol 5 7.7 C :>uou 
etnanol 5 15.3 -?5 5000 
ethanol 10 10.6 -17.5 5000 
ocetone 5 2.9 3.3 5000 

cyc Iohexane 5 4.tl 2.7 so00 
ethyLene dichlor ide 'j 13.3 -13.0 5000 
ethylene dichlor ide 10 13.3 -130 [Loo0 
formal de hyde 5 2.2 1.0 5ooO 
pro pionalde hyde 5 3.3 3 .4  5000 

Compared w i t h  the normal s i z e  of a i r  samples the SAL correswnds 
to  about 100 ppm. Therefore a t  t h i s  a t tenuat ion  of' 5000, t h e  
gas chromatograph would not  have seen these organic compounds R t  

t n e i r  maximum allowable concentrations. However, they should have 
appeared on t h e  chromatograms where the  four  mystery Deaks were 
seen because these peaks were found a t  t he  a t tenuat ion  of 1000. 
Independent charcoal samples of the chamber a i r  were taken ins ide  
t h e  chamber. These samples were col lec ted  w i t h  a low flow blower 
system i n  t h e  4.4 h o u r s  immediately following the  experiment and 
while tne  chamber remained sealed.  These samples were processed 
by R. A. Saunriers of Navy Research Lab. 



DEVELOPMENT 

l'he apparent atmospheric contamination experiertced i n  MESA I a n d  
t he  poss ib i l i t y  tha t  t h i s  was related Lo the  i l l - h e a l t h  of the 
crew, established new requirements i n  t h i s  area. 

1. A developnent test program designed t o  determir:e the chemical 
nature of the contaminates and  t o  identif'y t h e i r  sources; 

2. A revision i n  emphasis sampling with more long duration arid 
cher ica l  sampling; 

3. Redefine abort coticentration l imi t s  and act ion.  

Immedlately following t h e  MESA I abort, the chmber was resealed 
t o  allow continued atmospheric sampling. Using t h e  high sensi-  
t i v i t y  gain on  t h e  gas chromatograph, some basel ine "wiggle" 
was resolved i n t o  four peaks which were o r ig ina l ly  indicated t o  
be unknown contaminents. "Le retention times f o r  Ynese peaks 
did not agree with any of the Sases for which t h e  instrument 
had been cal ibrated.  Further a n a l y s i s  a t  a l l  sampling poin ts  
throughout t he  system indicated no change despi te  t'ilters or 
burners t h a t  should have reduced organic vapors. Final ly ,  a 
sample of room air and outside fresh air were tes ted  and t he  
same pealzs w e x  found. 
the  same peaKs with grea te r  magnitude. 
mystery peaks Were not cabin contaminants, but  sane anomaly re- 
su l t ing  frm the  react ion of certain gases on t h e  chraaatograph 
columr: or presslire f luctuat ions.  The growth seen i n  t h e  peaks 
had been re la ted  t o  t h e  increase i n  9xygen and carbon dioxide 
concentrations ins ide  %he chamber. 
these  peaks would not i n t e r f e re  with other  analyses. 
t a m i n a n t s  wou ld  be superimposed rin t h i s  f o w  peak p a t t e r n .  

Pure carbon dioxide and pure oxygen gave 
It was q p a r e n t  t h a t  t h e  

Wien known s r d  characterized, 
Other con- 

Attention was turned t o  heavier organic molecules which would 
not be detected by the  normal 25-minute ana lys i s  of t h e  chraaa- 
tograph. 
f o r  high boiling-point compounds t o  e lute  fran t h e  columns. h o  
new peaks were found. 
samples were col lected and a 5O-liter cylinder was f i l l e d  with 
chamber a i r  t o  a pressure of 60 psi f o r  fu ture  analysis .  Con- 
current  with t h e  f i n a l  44 hours of chromatograph t e s t i n g ,  freeze- 
out and cha rcml -&somien  ss%ples were collected fo r  L U b U C  

analysis .  Also during t h e  f i n a l  t es t ing  a series of measurements 
was made with t h e  Kitagawa Toxic Gas Detector which showed 
0.5-ppn N02, and a l l  other tests were negative. 

A yellow oily mster ia l  was extracted fran t h e  condensate lef t  
i n  t h e  humidity underflow a t  t h e  end of t h e  MESA tes t .  
quant i ty  was l imited but enough material  was extracted f o r  separa- 
t i o n  by paper chromatography i n t o  a t  least two canponents and t o  
show t h e  presence of s u l f u r ,  nitrogen and ketonic s t ructures .  

Runs several  hours i n  length w e r e  made t o  allow t i m e  

Before the  chamber was opened several  grab 

The 



A new source of similar but  not canpletely iden t i ca l  yellow o i l  
was discovered i n  t h e  two resp i ra tory  s i l i ca-ge t  can is te rs .  The 
s i l i c a  ge t  was discolored frm blue t o  green i n  a l aye r  about 
1/4-inch t h i c k  a t  both t h e  up and down stream ends indicat ing 
t h e  contaminant was present i n  t h e  cabin a i r  as w e l l  as within 
t h e  resp i ra tory  system itself. The amount of yellow o i l  i n  t h e  
s i l i c a  g e l  was considerably grea te r  than was found i n  t h e  con- 
densate and an extensive chemical invest igat ion was made on it. 

Special  e f f o r t  was made t o  u t i l i z e  a l l  t h e  available t a l e n t  both 
within Boeing and throughout t h e  country f o r  ana ly t i ca l  he lp  i n  
solving t h e  MESA I contaminant problem: 

Boeing Qu a l i t y  Control h b o r a t o q  ran an  inf ra red  spectrum of t h e  
chamber atmosphere i n  a 10-meter gas c e l l .  Nitrous oxide was 
ident i f ied  i n  addi t ion t o  t h e  normal atmospheric gases, water 
vapor and carbon dioxide. 
yellow o i l  i n  e i t h e r  solut ion showed no unknown peaks within t h e  
range of t h e  spec i f i c  column and temperature employed. 

The h n y  Exp los ives  Research and Developnent Laboratory a t  Fort 
Belvoir ran a mass-spectrographic analysis  of chamber atmosphere. 
Except for  t he  presence of hydrogen, no unusual gases were 
detected. 

Gas chramatographic ana lys i s  of t he  

Beckman Instruments, Fullerton, Cal i fornia ,  r a n  inf’rared spectra  
of the yellow o i l .  
probably containing some free hydro-carbon together  with one o r  
more other  unident i f ied organic cmpounds. Their ana lys i s  of 
t he  spectra  indicated t h e  following probable types of groups o r  
bonds present:  

Ray Saunders of NRL, Washington, D.C., analyzed t h e  contents of 
a small c h a r c o a l T n i s t e r  which col lected a sample during t h e  
44 hours following t h e  MESA I abort .  
indicated 18 chranatographic peaks fran which he has iden t i f i ed  
tr ichloroethylene,  carbon dioxide, short  hydrocarbons, freon 12, 
carbonyl su l f ide ,  chloroacetylene, ethylene choloride, acetalde- 
hyde, carbon d isu l f ide ,  and ethanol.  H i s  ana lys i s  of t h e  s i l i c a  
g e l  from t h e  air regeneration system iden t i f i ed  t h e  following 
canpounds: primarily t r ichloroethylene and amonla  with smaller 
quant i t ies  of hydrocarbons, methyl chlor ide,  e t h y l  chloride,  
e thyl  e ther ,  acetone ,methanol. 

The University of Washington Chemistry Department ran mass spectra  
on a l i qu id  nitrogen fYeeze-out sample frm t h e  MESA I run and 
on the  yellow o i l .  
k g e  amount of carbon dioxide. 
very complex indicat ing a mixture of substances. 
was a t  32 leading t o  t h e  conclusion t h a t  t h e  mixture was r e l a t i v e l y  
r i ch  i n  sulf’ur. 

They reported t h a t  t he  o i l  was a mixture 

acid,  ester, OH, carbonyl, arcmatic. 

H i s  preliminary analysis 

The freeze-out sample showed only air  with a 
The spectra  of t h e  yellow o i l  was 

The primary peak 



Galbraith Iaborator ies ,  Knoxville, 'i'ennessee, Turnished an ele- 
mental ana lys i s  of one of t h e  two yellow o i l  cmponents i n i t i a l l y  
separated by paper chrmatography. Based on t h e i r  ana lys i s  of 
carbon, hydrogen and nitrogen, t h e  yellow o i l  ccnrponent, i f  a 
pure substance, would have a theore t ica l  formula of C2gH3 OgN. 
However, subsequent s tud ies  showed t h a t  the cmponent sen5 f o r  
analysis was ac tua l ly  a mixture of canpounds with t h i s  theore t i -  
c a l  formula as t h e  average molecular ra t ios ,  

The Boeing Materials and Processes Laboratory ran tests on two 
of t h e  suspected materials i n  t h e  chamber, neoprene f l ex ib l e  tubing 
and v iny l i t e  sleeving. Their ana lys i s  showed t h a t  t h e  v i n y l i t e  
was bas i ca l ly  polyvinyl chloride which is  much more stable than 
the  polyvinyl butyrate  which it had been thought t o  be. They a l s o  
found t h a t  t h e  sleeving contained copious quan t i t i e s  of t r i - c r e s y l  
phosphate as a p l a s t i c i z e r  which i s  highly tox ic  when breathed. 

Samples of t h e  chamber atmosphere and condensate were mailed t o  
MEWAR at NASA request.  They reported tha t  nothing was detected 
i n  t h e  atmosphere sample, but  t h a t  two cresol  peaks and one un- 
ident i f ied  peak were found by gas-chromatographic ana lys i s  using 
temperature programmed analysis  of t he  condensate. Also, boron, 
copper, magnesium and sodium was detected i n  small quant i t ies  i n  
the  condensate by emission spectrograph. 

The Boeing Bioastronautics labora tor ies  have conducted ana ly t i ca l  
s tudies  of t h e  chamber contaminants along two general  l i nes .  The 
first i s  chemical analysis of t h e  yellow o i l  from t h e  condensate 
and s i l i c a  gel. 
o i l  i s  a mixture of s i x  o r  more organic canpounds containing 
s igni f icant  elements o r  groups including sulhr, nitrogen, ketone, 
acid,  ester, but with no one canpound containing a l l  groups. 

F'ran t h i s ,  it has been deduced t h a t  t h e  yellow 

The second area i s  t h e  ccnrparison of infrared spectra  of t h e  
yellow o i l  and i t s  canponents with known spec t ra  and with spectra  
of canpounds obtained by extract ion or  thermal deccmposition of 
chamber materials. 
t i l e  , cement 8 ,  wiring, rubber tubing , paint , waste-react o r  l iqu id  
and gas e f f luent ,  superoxide, f iberglass  f i l ters,  and many other 
materials. 
a yellow o i l y  cappound with a spectrum sFmilar t o  an oxidized o i l  
o r  f a t t y  acid such as, f o r  example, castor o i l  f a t t y  acid.  
two spectra  were iden t i ca l  but  appeared t o  f a l l  i n  t h e  same c l a s s  
of canpounds. 
one or mnre cmqmimds c?f t h i s  --e t.,ype i n  addi t ion  t o  other  
compounds i n  d i f f e ren t  c lasses .  

Spectra were run on e x t r a c t s  frm t h e  plywood, 

It was found t h a t  a la rge  nuniber of materials gave off  

No 

Similarly,  t h e  MESA I yellow o i l  appears t o  contain 

When it became apparent that a quick, simple answer t o  t h e  t o x i c i t y  
problem was not forthccming, s teps  were taken t o  begin an unmanned 
run preparatory t o  starting a new 30-day manned run. 
began August 20, 1963 with a l l  systems f'unctioning and soon de- 
veloped a yellow o i l  i n  t h e  condensate which was followed by 
measuring t h e  W absorption of t h e  ether extracted samples. 

The run 



After two days it was decided t o  shut down t h e  d i f f e ren t  sub- 
systems one by one, 12  hours apart, i n  an e f fo r t  t o  determine the  
source of t h e  yellow oil. 
the  shut-down procedure but t h e  change was gradual and d i d  not 
pinpoint t he  source of t h e  contamination. Animals i n  t h e  chamber 
during t h i s  four-day test showed no ill e f fec t s .  

A second unmanned run was then i n i t i a t e d  (September 3 ,  1963) with 
a plan t o  start each subsystem up one a t  a time. 
pected t o  show more conclusively which of t he  subsystems were 
contributing t o  t h e  yellow oil contaminant. 
result was t h a t  t h e  ove ra l l  t rend was s l i g h t l y  downward despi te  
the addi t ion of each subsystem. 
a i r  conditioniner on for sampling purposes indicated a continu- 
ing gradual drop i n  contaminant leve l .  
tha t  t h e  source of t h e  yellow oil was i n  t he  chamber f’urnishings 
rather than frm one of t h e  subsystems, 

The W absorption d id  decrease during 

Yhis was ex- 

The unexpected 

A confirming tes t  with only the  

This l ed  t o  the conclusion 

The chamber was st r ipped of all equipnent and furnishings. 
continued using a s m a l l  ccarmercial a i r  conditioner u n i t  t o  co l l ec t  
condensate samples. The W absorption measurements dropped slowly 
t o  about .04 op t i ca l  density.  
system was re- ins ta l led  a t  t h i s  point and t h e  op t i ca l  densi ty  
decreased t o  about .O3 *ere it appeared t o  s t ab i l i ze .  
assumed thet. the resi&x+l effect x i s  due to the p i n t  on t h e  
chamber walls. Samples of paint  were scraped from t h e  walls and 
cei l ing and a y e l l o w  oil was extracted with ether .  The inf ra red  
spectra of t h e  extracted oils showed similarities t o  t h e  MESA 
ye l low oil but was not ident ica l .  Twelve sheets  of plywood were 
stacked i n  t h e  chamber t o  simulate t h e  plywood cabinetry and 
eqylpnent enclosures. This caused a rapid increase I n  o p t i c a l  
density t o  .22 and indicated the  plywood was a major contr ibutor  
t o  t h e  yellow oil contaminant. Again t h e  inf ra red  spectra  was 
similar but not i den t i ca l  t o  t h e  MESA yellow oil. 

Testing 

The regular air-conditioning sub- 

It was 

Several sect ions of t h e  chamber f looring consis t ing of v inyl  t i l e  
cemented t o  plywood were tested next. 
a t  about .12. 
was placed i n  t h e  chamber and t h e  op t i ca l  densi ty  dropped t o  about 
.06. 
shownin Figure 46 . 

The o p t i c a l  densi ty  s t ab i l i zed  
Following t h e  f looring a la rge  bundle of wiring 

A sununary of t h e  data fram t he  condensate measurements i s  

In suuunary of t h e  toxicology development program t h e  following 
points a r e  listed: 

8. Although highly suspect, atmospheric contaminants were not 
proven t o  be present i n  quan t i t i e s  which would produce tox ic i ty .  

b. Analysis of t h e  chamber atmosphere during and s ince t h e  MESA I 
tes t  has not shown any t ox ic  gases; however, charcoal adsorp- 
t i o n  samples show a mixture of t r a c e  contaminants. 



C .  

d. 

e. 

A yellow o i l  found i n  t he  condensate and s i l i c a  g e l  f i l t e r s  
has been found t o  be a mixture of s i x  or more organic cam- 
paunds which have been p a r t i a l l y  characterized but not 
caupletely ident i f ied .  

A recent .gas chranatographic test of the  condensate by Melpar 
ind ica tes  c re so l  contaminants i n  t h e  atmosphere but t h e  
concentration cannot be determined. 

The a b i l i t y  of t h e  gas chranatograph t o  detect  and measure 
t r a c e  contaminants has  been shown t o  b e  limited and plans 
were made f o r  more extensive use of less rapid but  more sensi-  
t i v e  methods i n  -her tests. 



d 0 0 d 
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Results f r o m  MESA 1 indicated t h a t  some cnanKcs i n , t h t !  gas rnonit.oring 
w e r e  necessary. 
the  complete coverage required. The tmcr~ contaninants  required con- 
c e n t r a t i n g  before  they could be detected by o u r  most s e n s i t i v e  i n s t r u -  
lpents. For later tests t h e  d i r e c t  sampling instruments w u i d  be used 
for indicati 'on of contaminants only fit higher cuncentmtions.  If 
necessary t h e  c o n t m i n a n t s  i n  sub-detectable concentrat ions ~ 1 0 t i I  d he 
determined as a mtttter of record by the  slower, mom s e n s i t i v e  tech- 
niques of f reeze  o u t ,  adsorpt ion and chemical t e s t i n y .  R e  concent,%- 
t i n g  techniques had worked w e l l ,  but. w o u l d  be used  m o r e  extens ive ly .  

Thc d i r e c t  sampling gas chroma tograph  d id  nor. give 

%sts of t h e  following nature  w e r e  made with the  Kamen rkts Chromatd- 
graph. 

wsts Changes Objective Result 

Column Carbowax on Tef- Improve separa- I l i t t l e  I I I I F ~ V ~ -  
Changes l o n  t i o n s  ment 

Carbowax on 
Chromosorb 

Carbowax and 
amine on Teflon 

S e n s i t i v i t y  ln jec ted  various Characterize sens i -  m b l e  follows. 
Tests concentrat ions t i v i t y  for com- 

pounds of i n t e r e s t  

Sampled with (as opposed t o  Determines effect Prec is ion  improve- 
Automat i c syr inge ) of sampling ment was sliRht. 
Valve valves 

Variat ion F m n t a l  pressure  Obtain the b e s t  Good opemtirig 
column varied f r o m  30 t o  separat ion and condi t ions were 

60 p s i  with 15 t o  s e n s i t i v i t y  for developed. 
25 p s i  drop across 
the  column. 

each column. 

Typical results fmm t h e  tests (with 12 '  carbowax on Teflon column 
with t h e  following condi t ions)  w e r e  as f o l l o w s :  

Frontal  P. Back P. Compound, Concentration Retention Time Peak Ht. Altcr i .  
h 30 p s i  10 p s i  Acetone, 240 ppm i n  H2, 2.5 Min. a d iv .  iX io  

.? 0 24 Acetone, 2hOO ppm in H, 1.7 19.4 lX lo4 
50 24 Ethanol, 1500 ppm i n  H2, 2.9 Min. 10.8 l X l o 4  
40 25 Benzene, 1800 ppm i n  H2, 6.6 Min. 13 1 x l ~ 4  

2 ;  

These tests w e r e  made by f lush ing  t h e  sample l i n e s  with a closed loop 
t o  a sample reservoir. The samples w e r e  taken with t h e  automatic samp- 
l i n g  valve. W p m d u c i b i l i t y  was adequate and d r i f t  w a s  n e g l i g i b l e  i n  
t h e  s i n g l e  column mode of operat ion.  



I n  summary, 
tograph and 
appeared t o  

a general  t rouble  shooting job  was done vn the  gas chrono- 
a l l  poss ib le  maintenance was performed. Performance level 
b e  adequate f o r  the experiment. 

c. Development of Concentrated Sampling Techniques 

The fiame ioniza t ion  gas chroma,ograph was tested af ter  changing 
t h e  column, column oven, c a r r i e r  flow c o n t r o l ,  in, jection system, 
recorder  and f n c t i o n  c o l l e c t o r .  Reproducible flow and r e t e n t i o n  
t i m e  could be obtained over  long per iods and s e n s i t i v i t y  w a s  good. 

t On an attenua- l y l  l i q u i d  acetone gave a d e f l e c t i o n  of 60 d i v i s i o n  
t i o n  of 5x103, 1 
e t h e  -of f  scale on 105? and 0.1 pl of gaseous ether 

l i t t l e  d r i f t  and less than two percent  of f u l l  s c a l e  f o r  noise.  
The following r e t e n t i o n  times are represer i ta t ive of t h e  separa t ions  
obtained with o t h e r  12 f o o t  carbowax on chromosorb column: Ether - 
2.3 min., formaldehyde - 4.3 rnin., Acetone - 6.8 min., Water - 13, 
Renzene - 15, toluene - 28. 

1 l i q u i d  ethanol-off  scale on P l O  , x)/,1 gaseous 
83 d iv .  a t  

2x10 5 S t a b i l i t y  was improved; a t t e n u a t i o n  could be set on 5 with 

A known sample mixture was desorbed on a c t i v a t e d  charcoal  and 
desorbed i n t o  cold t raps .  
gas chromotograph. 
ered.  

The entrapped gases were fed i n t o  the  
All components of t h e  rnixt.ure hn_d heen ,reco-:- 

Known samples were i n j e c t e d  i n t o  t h e  gas chromotograph. 
were co l lec ted  i n  cold t r a p s .  
t r a n s f e r r e d  t o  a micro gas cell .  
3 c m  s i n g l e  pa th  micro gas cel l  was n o t  s e n s i t i v e  en0ug.h t o  g ive  
useable spec t ra  f o r  t r a c e  gases.  
obtained . 

Frac t ions  
The f r a c t i o n s  w e r e  then warmed and 

Inf ra - red  s p e c t r a  were made. "he 

A longer  mult ipath gas ce l l  w a s  

In t h e  labora tory  i n v e s t i g a t i o n  of the  Hopcalite c a t a l y t i c  o x i d i z e r  
and the  waste d isposa l  system, NO2 was evolved and measured. 
ozone meter, t h e  chemical absorpt ion method and MSA d e t e c t o r  tubes 
were used. Correlat ion w a s  found. The meter genera l ly  gave h igher  
readings f o r  s t ronger  concentrat ions than t h e  chemical method, which 
was more s e n s i t i v e  f o r  very low concentrat ions.  

An 

The concentrations,  which requi re  an immediate, mandatory a b o r t  of 
the experiment, were def ined and t h e  a t tached  l i s t  w a s  made. The 
long term MAC could be exceeded f o r  s h o r t  per iods  without danger 
to t h e  s u b j e c t s ,  b u t  d e f i n i t e  levels of  contaminant concentrat ion 
e x i s t ,  above which immediate h e a l t h  and s a f e t y  hazard e x i s t .  

With explosive gases,  t h e  abort limits w e r e  set a t  h a l f  t h e  lower 
explosive l i m i t .  
the MESA MAC and j u s t  below t h e  level where non- le tha l  symptoms 
might occur i n  the  subjec ts  wi th in  a s h o r t  t i m e .  

For t o x i c  gases ,  t h e  a b o r t  l i m i t s  w e r e  set above 



0 ABORT CONDITIONS -- CONTAMINANT LIMITS 

Explosive a s  Concentration I;imits (50s LEL) 
Hydrogen 
Methane 
Acetylene 

OTHER G4S CONCENTRATION ABORT LIMITS 

Carbon Dioxide 
Carbon Monoxide 
Ammonia 
Methanol 
Ethanol 
Propanol 
Fb malde  hyde 
Acetaldehyde 
Acetone 
Wnzene 
'loluene 
hyarogei I Sulf ide 
Nitrogen Dioxide 
Ozone 

The instruments would be used i n  the f o l l w i n g  manner: 

Instrument - Cas Purpose of Monitoring 
Kamen Cas Chromoto- Al l  Constant survei l1  ance, Function- 

gnpi.1 ing  of  subsystems, Poten t ia l  
Health Hazards. 

Concentrated Sampling All Concentrate subdetectable 
Te chnique s amounts. Col lect  permanent 

Samples . 
Paramagnetic Analyzers O2 Continuous record. 

Continuous record. Non-dispersive Infra-  

NASA Charcoal Samples All Representative overa l l  samples. 

m2 red 

Use  specialized techniques and 
equipment of o ther  Iaborator ies .  

The gas sampling l i n e s  w e r e  polyethylene within the chamber t o  
minimize t i e  e f f e c t  of s t e r i i i z a t i o n  o r  reaction witin tne micro- 
organisms o r  t r a c e  contaminants. 
l i n e s ,  which went t o  the  microbiological samplers, chemical de tec tors  
and concentrated sampling t raps ,  w e r e  also polyethylene. 
f o r  t he  d i r e c t  sampling instruments such as the oxygen and carbon 
dioxide analyzers and gas chromatograph were made of quar te r  inch 
copper tubing. 
a d e f i n i t e  l a g  t i m e  t o  d i r e c t  analysis .  
duce microbiological counts. 

Outside the  chamber, t he  sample 

The l i n e s  

The average lengttl of l i n e  w a s  20 feet which gives 
The longer l i n e s  would re- 

The l i n e s  attached t o  the various 



systems i n  the chamber w e r e  a t tached  d i r e c t l y  in t h e  w a l l  of t h e  
duct. No e f f o r t  w a s  made t o  sample f m m  t h e  center of d u c t s  - 
which would have given more r e p r e s e n t a t i v e  samples for both micro- 
b io logi  ai contaminants or  particulate matter. Sampling c h a r t  is 
F i g u r e  T, 7. 
The Chromatograph was not  g iv ing  its f u l l  p o t e n t i a l  buL could 
probably be i m m v e d  during t h e  intiegrated t e s t i n g  bef'oro manned 
t e s t i n g  began. Optimum opera t ing  condi t ions f o r  the part i  t i o n  
and adsorpt ion columns had n o t  been found, however, useable  d a t a  
and needed de tec t ion  could be obtained w i t h  t h e  instruments.  
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SYSTEM TEST 

A. The 17-Day Ekpe riment 

182 

1. The Mast Ozone meter monitored chamber air continuously 
while the chemical method determined the  nitrogen dioxide 
concentration before and after t h e  Hopcalite, waste disposal  
and superoxide systems. Both the Hopcalite and waste d is -  
posal systems w e r e  confirmed t o  be possibie  sources of n i t r o -  
gen dioxide. 
i c a l l y  a t  the sampling s t a t ions  f r o m  chamber, the Hopcalite 
and the waste disposal  systems. The chemical bubblers w e r e  
found t o  be i n e f f i c i e n t  f o r  high concentmtions of nitrogen 
dioxide unless the tubes were run i n  series. More e f f i c i e n t  
dispersion tubes w e r e  prepared f o r  the  f i n a l  test. 

Thereafter chemical samples were taken period- 

2. The Kamen Detector Cas Chromotograph d i d  not  su f f i c i en t ly  
separate ammonia and carbon dioxide. 
of carbarax and a m i n e  on Teflon w a s  ordered f r o m  the  manu- 
fac  turer . 

A more e f f i c i e n t  column 

3. Concentrated Samples 

One charcoal smple was pmcocsod mrsl3zed.. ?,e desorbed 
mixture gave the chromatographic peaks a t  the  following re- 
tent ion times: 

T i m e  - 
1.6 
2.6 
3.8 
6.0 
6.8 
8.2 

12.8 
14.6 

A t  t enuta t  i on Possible Contaminants 

100 Ether, acetic ac id  
100 Acetaldehyde (formaldehyde) 
100 
100 Acetone 
10 
5 0 0  1 Water 

SO(i) Air 

100 (sh) Benzene, methanol 
( i )  - an inverted peak 
(sh)- shoulder 

A l i qu id  nitrogen freezeout sample w a s  processed. This gas 
mixture absorbed i n  the Infra-red with peaks corresponding t c  
Carbon Dioxide and Nitrous Oxide. On the  gas chromatograph 
the peaks w e r e  obtained a t  6 minute, 12.7 minutes, and 24.4 
minutes indicat ing the  p o s s i b i l i t y  of acetone, water vapor, 
and toluene 

B. Changes i n  Between l7-and 30-day Ekp eriments 

1. The Karmen de tec tor  gas chmmatograph w a s  tested with a 
d i f fe ren t  column. 
the time. 

Excessive noise w a s  experienced p a r t  of 



0 2. 

3. 

4. 

5 .  

The flow of the sample gas through the paramknet ic  and 
infra-red instruments w a s  changed. 
instruments were arranged t o  give a constant pressure in  the 
instruments. 
of instruments would match the readings of the o ther  p a i r  
f o r  the same sample gas. 

Restrfctors,  pumps tmd 

When properly balanced for pressure,  one p a i r  

Original ly  the  concentrated sampling board w a s  plumbed for 
10 concentrated samplers. Two chemical samplers w e r e  set 
up separately.  
sampling, the chemical bubblers used the two p lus  f i v e  of the 
concentrated sample s ta t ions .  The grea tes t  need f o r  concen- 
t r a t ed  samples was handled by the s ta t ion  f o r  chamber a i r  
and the  one a f t e r  the superoxide. 
ing systems, more samplers would nave been required. 

With the  added emphasis on nitrogen dioxide 

I n  t he  event of malfunction- 

With t h e  success of the external  apparatus f o r  the Laking of 
the NASA gas mask sample, a duplicate arrangement w a s  made. 
This gave the capabi l i ty  of taking two separate gas mask 
canis te rs  samples on any s t a t ions  as w e l l  as the two in t e rna l  
chamber gas mask canis te rs ,  i f  emergency s i tua t ions  required 
i t .  

Standard Gas Mixture 

A pressurized b o t t l e  of known gas composition was used t o  
calibrate the gas chromatograph. 
the  manufacturer which were not  ce r t i f i ed  nor analyzed standards. 
There w a s  evidence thar, valve leakage had allowed the composition 
t o  change. 
purchased. 

On hand were the  b o t t l e s  f r o m  

A new standard gas with a c e r t i f i e d  analysis  w a s  

C. 30-Day Manned !kst 

1. Concentrated Sampling 

The samples were col lected by a 200 cc/minute air stream drawn 
through the charcoal o r  freezeout trap. The sample gases were 
then t ransferred by heating i n t o  the freezeout col lect ion t raps .  
Samples were taken from the col lect ion t r a p  and injected i n t o  
the hydrogen flame gas chromotograph o r  the multipath inf ra - red  
micro gas c e l l .  A number of gases were separated as shown on 
the  accompanying table f o r  chamber samples, which covers the  
e n t i r e  30-day period, see Figure 161. 

The re ten t ion  times obtained from the samples from s t a t ions  i n  the 
superoxide air  o r  following the  CBR f i l t e rs  were the same as 
those i n  the chamber samples but  of less magnitude, showing 
some contaminants were removed by these systems. 

The earlier samples contained l e s s  gases than later ones 
indicat ing a gradual buildup of some of the contaminants. 

A sample of t he  charcoal f r o m  the CBR f i l ter  w a s  desorbed. 
The gas peaks which w e r e  e luted show t h a t  the f i l t e r  removed 

183 



typical chamber air components, bu t  also peaks at 8.5 and 
10.2 minutes, which must have been completely removed 
from the  chamber air. 
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Further work would be required t o  make posit ive iden t i f i -  
cation of these sample fractions. 
reactor and water treatment exhaust gases showed many 
more peaks and a t  higher concentrations than chamber air. 
This sham the effectiveness of the CBR filter, the s i l i c a  
ge l  f i l t e r ,  and Hopcalite burner i n  removing these t race  
contaminants. It also shows the  reason for  venting the 
water treatment system overboard. The charcoal samples 
i n  t h e  NASA gas mask canisters were sent t o  other labora- 
tories.  The r e su l t s  have not been returned a t  this time. 

The samples of waste 

The number of concentrated smples  which were obtained 
during t h e  test were as follows: 

10 Charcod of chamber air 
10 Charcoal of superoxide air 

5 F’reeze-out of chamber air 
1 Freeze-out of air filtered by CBR fi l ter  
1 Freeze-out of waste reactor air 
1 Freeze-out of water treatment air  
2 %s ilrasii charcod. sampies or” c’namber air 

(NASA) 
3 Charcoal from subsystem filters 

2. Instrumentation 

With the variety of possible trace contaminants, a number 
of instruments and procedures were required fo r  analysis. 
The most versa t i le  of a l l  the instruments was the Beckman 
Gas Analyzer which contained a paramagnetic instrument 
for continuous oxygen monitoring, a non-dispersive infra- 
red instrument fo r  continuous carbon dioxide monitoring, 
and a process type gas chromatograph with Kanaen Detector 
which could analyze f o r  most of the probable contaminants. 
The first two instruments were set up t o  continuously 
monitor the chamber atmosphere while the gas chromotograph 
was progranuned t o  sample a t  a series of points throughout 
the chamber. I n  addition extra oxygen and carbon dioxide 
instruments monitored at the various sampling points with 
the gas chromatograph. 
mast ozone meter fo r  ozone,nitrogen dioxide and other 
oxidizing gases. 

Another instrument used was the 

The paramagnetic oxygen analyzer modeIr F-3 (recording) 
and E-2 (manual) operated with s t a b i l i t y  and accuracy. 
During the frequent calibrations they seldom required 
rezeroing o r  respanning, and then only by a few hun- 
dre ths  of a percent. 



The non-dispensive infra-red analyzers for  carbon @ 
dioxide, Beckman Model 15A and MSA Lyra 300, gave ac- 
curate  stable readings. 

The Beckman Process Gas Chromatograph Model 52OE with  
Karmen type detectors  did give a qual i ta t ive  capabi l i ty  
of continuously monitoring a series of sampling points  

did su f fe r  from the following l imitat ions:  

The gas chromatograph was supposed to  analyze f o r  
a l l  of the  gases so indicated on the MAC char t  
(Page 134). 
this. 
were kept t o  a minimum i n  the  chamber, the GC could 
only be checked against  the known mixtures. 
was not avai lable  t o  i n j e c t  a number of known organ- 
i c  vapors. The known mixture which w a s  used w a s  
certified t o  coptain .005$ COj .OOg# CH4, .015$ 

The performance indicated less than 
Limited by the fact that  trace contaminants 

Time 

m3, *03$ $ 9  05% 02, 39.796 02. 

"he C.C. could separate the  0 and CH4, but d id  not 
give reproducible readings f o r  successive samples. 
The values varied by as much as a factor of three. 
The peaks f o r  H2 and NH3 were not seen. On samples 
of the chamber air, CO2 and water were ident i f ied ,  
but  the r e s u l t s  were not quantitative.  

The reading of the instrument was made d i f f i c u l t  by 
a var iable  drift i n  the basel ine from one side of 
the chart  t o  the other. Accompanying t h e  drift was 
a var ia t ion  i n  gain. The drift appeared t o  be cycl ic  
a t  times, but  had a variable period. 

The problems of (a) and (b )  made ca l ibra t ion  dif- 
f icul t  i f  not impossible at times. A number of 
samples had t o  be run f o r  each ca l ibra t ion  and the 
average value was used with an allowance f o r  the  
dr i f t .  This meant addi t ional  time off stream from 
the monitoring dut ies  amounting t o  about 3 hours per 
b y .  

Moise covered much of the data and problems during 
the  ea r ly  days of the  experiment. A new p a r t i t i o n  
column, supplied by t h e  manufacturer, apparently 
produced excessive bieed, wnicn poisoneci t ie  &tee- 
t o r  for that column. 
detector  was required during the first week and 
once every several days thereaf te r .  The nature of 
the  noise was an arcing, which caused the recorder 
pen t o  jump or o s c i l l a t e  f r o m  10 t o  50 scale divi-  
s ions  f o r  f rac t ions  of a minute a t  frequent i n t e r -  
vals up t o  continuously f o r  several minutes. 
cleaning of the detector  accounted f o r  an addi t iona l  
down time of 4-6 hours per  week. 

Repeated cleaning of the 

The 



(e) An alcohol spill similar to that of the 17 day run 
was not seen by this partition column. 
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(f) When the partition column was run with samples at a 
high sensitivity, such as 1000, four peaks would 
occur in the same locations despite the origin of 
the sample. 
by trace gases, but were due to the pressure pattern 
in the valves and column. 

These peaks were apparently not caused 

(g) In summary, the gas chromatograph was used, but in 
its present configuration was not used to its 
fullest capability. 
taken was sub-standard. 

The analytical data that was 

6.2.1.3 RECOMNDEX) CIIANGES IN “ H I S  CONCEPT 

A. Further Investigation of Limits 

More data is necessary for the improvement of M a x i m  Allowa- 
ble Concentration Limits for 24-hour-a-day exposure for pro- 
longed periods. 
small concentrations of gases may affect sensory perception 
and performance, but further study is required. Animal and 
manned studles could be performed to determine threshold and 
sub-lethal effects, 

The toxicological effects of mixtures of 

B. Further Samples F’rocessing 

From the concentrated sampling, some data has been gathered, 
but further valuable information could be gained by a de- 
tailed processing of more of the samples. With sufficient 
time and equipment the identification of every component of 
the samples could be made. 

For future testing a separate funding should provide f o r  the 
work to continue f o r  a long enough period past the end of 
the chamber test to allow for the complete processing of 
trace contaminant samples. 
be required if there are numerous samples containing many 
contaminants. 

A period of several months would 

C. Further Investigation of Detection and Analysis 

The MESA tests utilized a single type of gas chromatograph in 
a single configuration. Many other columns, detectors and 
arrangements could be tried. The vereatility of gas chroma- 
tography has not been fully exploited. Column dimensions, 
sample size, and pressures could be varied to improve the 
sensitivity of the method. Future chamber testing should 
rillow for a developmental period fo r  the gas analysis, and a 
thorough exploitation o f  equipment. 



Quantitative aspects of the analysis can be perfected after 
the Instrumental configuration is set. 
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t.5 .2 , 2 

1;. 2.2.1 

BACTERIOLCGY 

M E A  I - 

A development program was undertaken to include W l i g h t s  f o r  
bacter ia  k i l l  on the water and a i r  systems. 

S te r i l i za t ion  by u l t ra -v io le t  l i g h t  cannot reach 100% theoretically, 
but only approach it, 
bacteria,  virsuses and yeasts ranges between 1,000 and 20,000 micro 
watt seconds/cmZ exposure. 
provides a 90% k i l l  f o r  more than half of 34 organisms l i s t e d  i n  
the th i rd  edi t ion IES uandbook with a mininun of 40$ k i l l  f o r  the 
most r e s i s t an t  bacteria.  
where the t o t a l  cabig a i r  is recycled about once an hour, a 4,000 
r?.icro watt second/cm- exposure i's considered adequate. 
lead t o  &? equilibrium airborne population approximateljr 20$ above 
the avL;.age hourly r a t e  of production. 
dose can be obtainzd f r o m  a G3OT8 u l t ra -v io le t  1&7p (General 
Electr ic)  mounted concentrically ifiside a 10 inch duct o r  by two 
lamps i n  tandem i n  a 5 inch duct as  well as other con,binations. 
Fur ?ne E S A  run, a 36-incn u l t ra -v io le t  iamp ( G j O n 3 j  WFll be mounted 
concentrically i n  a 10-inch diameter pipe o r  plenum j u s t  ahead of each 
s i l i c a  ge l  dryer unit. 
/cm2 uv dosage assuming a ref:.er,tion fac tor  of 50 per cent. 

Ultra-violet  s t e r i l i za t ion  af u e a r  d i s t i l l e d  water can be considered 
in  the same manner as a i r  s te r i l i za t ion .  The presence of pigments, 
suspended sol ids  o r  cer ta in  dissolved 
highly opaque t o  ultra--:iolet, l i g h t  and prevent adequate s t e r i l i z a -  
tion. 
high dosage r a t e  w i l l  be eas i ly  a t ta inable  because of the  low flow 
r a t e  of approximately 1.0 to 1.5 liters/hr. Assuming t h a t  a G3Om 
ult ra-violet  lamp is mounted concentrical.ly i n  a 2-in h pipe o r  trough 
with the lamp j u s t  above the l iquid surface, a 5 x 10' micro w a t t  
second/cm2 exposure Will be obtained. 
not be necessary f o r  adequate water s t e r i l i z a t i o n  i n  the MESA system. 
A G15TE u l t ra -v io le t  l i g h t  mounted as  above would yield approximately 
half the dosage of the G3OT8 lamp and should provide adequate water 
s t e r i l i za t ion  f o r  t h i s  system. 
v io le t  lamp was mounted in a trough a t  a 2 inch distance from the 
water level.  
was baffled t o  decrease the water flow rate past  the  W l i gh t .  

The W dosage required to k i l l  90% of most 

A 4,000 micro watt second/cm2 exposure 

In a recycling a i r  systen such as  MESA'S 

This should 

A 4,000 microwatt second/cm 

This w i l l  provide about 6000 micro watt seconds 

substances can make the water 

With the recycied imter ant ic ipated i n  the  MESA system, a very 

Such high dosage r a t e s  should 

For the  MESA system a Gl5*  u l t r a -  

The water depth i n  the trough was 0.6 inches, The trough 

The MESA water system W assembly was t e s t ed  to determine the  efficiency 
of the W light dosage. 
a common feca l  contaminant. Numbers of viable c e l l s  xere estimated 
by di lut ion and p l a t e  count techniques. Suspensions of the organism 
in  d i s t i l l e d  water were run past  the  lamp a t  r a t e s  which varied from 
3 t o  6 times the r a t e  a t  which water would flow during ac tua l  operation 
of t h e  system. 

The %est organism used was Escherichia coli, 



Flow Rate Orgcmisms Added Organisms Hecovered 
(d /min )  (cel ls /& ) ( c e l l s / d )  

75 6.3 x iop( 0 
100 7.6 x lo7 19 

0 8 50 8.0 x i o  

These results demonstrate t h a t  t he  U-V system as designed e f f ec t -  
ive ly  destroys E c o l i  i n  a water stream. 

SYSTEM TESTS 

The 30-day manned attempt test did not last long enough f o r  an 
adequate study of the  environment on bac ter ia l  contamination. 

As t o  be expected, viable bac te r i a  similar to  those found in  the 
waste disposal reac tor  were found in  high concentrations on exposed 
surfaces throughout the chamber subsequent t o  rupture of the waste 
disposal  tank. Samples of water taken f o r  bac te r io logica l  analysis  
were free of E c o l i  and S fecalis, the common f e c a l  contaminants. 
The only bacteria found i n  the water were common airborne contami- 
nants.  

6.2.2.2 Bacteriology MESA I1 

Bacteria monitoring f o r  MESA I1 included air ,  water, and surface 
sampling f o r  the 17-Day Inte-ation test an4 t he  30-day wried 
test ,  and a spec ia l  aerosol t es t  r igh t  after the 17-day tes t .  

A I R  SAMPLING 

A. 17-Day Integrat ion Test 

The Andersen &stage sieve-type sampler was used t o  t ake  a l l  
a i r  samples f o r  viable bac te r i a l  counts. 
from the outside of the  chamber using hose connections running 
through the  chamber w a l l  t o  the  d i f fe ren t  sampling probes. 
of the a i r  sampled was pumped back i n t o  the chamber. 

Tryptone glucose ex t r ac t  agar (DIFCO) was used i n  the Andersen 
glass p l a t e s  as the co l lec t ing  medium. After the samples were 
taken, the petri dishes were incubated a t  27OC f o r  48 t o  72 
hours. 
on the petri dish represented one bacterium impacted there  by 
Line sampling techniques. 

Sampling w a s  done 

All 

Viable counts were made by assuming each colony growing 

During the  l7-day test  and during the  aerosol  run, some leakage 
was found occurring around the gaskets sea l ing  the six stages. 
The leakage was caused by the  pressure d i f f e r e n t i a l  between the 
inside and outside of the  chamber and by the s m a l l  diameter 
tubing used on the a i r  re turn  l ines .  
by lapping the  metaL sea l ing  edges of the six stages  and by 
greasing the rubber gaskets w i t h  Dar Corning 55 pneumatic 
grease. Also, the  l i n e s  returning air t o  the chamber were 

The leakage w a s  stopped 



replaced by 1/2-inch inside diameter Wgon tubing. 

A diaphram type compressor w a s  used t o  pul l  a i r  f’ran the 
sampling ports through the sampler and t o  return the a i r  t o  the 
chamber. A rotometer w a s  ins ta l led  i n  the l ine  t o  insure a 
f l o w  of one cubic foot per minute through the sampler. 

Due t o  the leakage of the sampler, a l l  results fran the 17-day 
t e s t  a i r  sampling are underestimated and are not reported. 

B. Aerosol Tes t  

Two aerosols, one containing Serratia marcescens and one con- 
taining Bacillus g l o b i b i  were separately injected in to  the 
chamber t o  obtain preliminary information on the e f f ec t  of 
subsystem components on bacterial  longevity. The aerosol was 
generated over a twenty-minute period a t  the i n l e t  t o  the a i r  
conditicning blower. 
ment inside the chamber was inoperative except the s y s t e m  
blowers. The main air flow r a t e  was 600 cf’m, tha t  across 
superoxide beds was 20 cfln, and tha t  across the unheated 
Hopcalite burner was 10 cf’m. 
periodic air sampling. The surfaces inside the chamber were 
sampled periodically by the Rodac plate method. 
20 square inches yer s7;rface was sa&Led. 

The CBR F i l t e r  was removed and all equip- 

An Andersen sampler was used fo r  

A t o t a l  of 

The re su l t s  of the 2 w c e s c e n  aerosol are shown i n  Tables 2a 
and 4. Both the superoxide and the Hopcalite appeared t o  re- 
move S marcescens from the air. Recovery of 2 marcescens from 
the &amber surfaces w a s  extremely low. 
died quite rapidly or  were impacted on the surfaces of the air 
conditioning system duct w n r k .  

Either the organisms 

The resu l t s  of the Bacillus g o b i g i i  spore suspension aerosol 
are shown i n  Tables 3and 5 .  The superoxide beds w e r e  
apparently not as e f f i c i en t  as  the Hopcalite i n  the removal of 

surfaces was extremely high. 
mated due t o  leakage i n  the Andersen samplers. 

globigii  spores. Recovery of B g o b i g i i  from the chamber 
A l i  air  samples were underesti- 



Sample 
Station 

Time of Air Sampling After Aerosol Generation 
1 Min. -- 1 H r .  2Hrs .  3Hrs.  4 Hrs. 24 Hrs. 

Cabin Air 53 0 0 0 0 0 

118 0 0 0 0 0 Before 
Na+ Bed 

After 
Na% Bed 1.4 0 0 0 0 0 

Before 
Hopcal i te 9.8 0 0 0 0 

After 
Hopcalite 0.2 0 0 0 0 0 

NUMBER OF S MARCESCENS/CU.Fl'. - 

Sample 
Station 

Cabin Air 

Tim of Air Sampling After Aerosol Generation 
1 Min. - 1 Hr. 2 Hrs. 24 &s. 

524 a 0.4 0 

252 99 4.7 0 
Ekf ore 
NaO;! Bed 

After 
Na% Bed 29 92 0.4 0 

Before 
H o p c a l  i t e  326 0 0.9 0 

0 
After 
Hopcalite 0.2 0 0 

TABLE 3 

"2R OF B - GLOBIGII/CU.F!L'. 



Number of S Marcescens per 
20 sq.in. 01 Surt'we 

Time of Surface Sampling 

Surf ace Sampled 

South Bunk A i r  Inlet 

Lower North Bunk A i r  I n l e t  

South Bunk Mattress 

Bunk Area Floor 

Ehtrance Area A i r  I n l e t  

Entrance Area Shelf 

Entrance Area Floor 

Ekternal Surface of Audio- 
Visual Booth 

Command Station A i r  I n l e t  

Cormnand Console Surface 

Command Station Storage Back 

Command Station Floor 

CBR F i l t e r  Inlet 

Floor Around CBR F i l t e r  I n l e t  

Air Inlet Near Recreation Area 

Surface of Water System Cabinet 

Air In le t  Near Waste System 

Surface of Food Prep. Cabinet 

TNC - Too Numerous t o  Count. 

After Aerosol Generation 
20 Min. 4 Hrs. 24 Hrs. 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

2 

TNC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

1 

0 

0 

0 

TABLE 4 

CHAMBER SURFACE SAMPLING AJ?TE3 GENERATION OF S MARCESCElYS AEROSLTt - 



Surf ace Sampled 

South l3unk A i r  I n l e t  

Lower North Bunk A i r  In le t  

South Bunk Mattress 

Bunk Area Floor 

Entrance Area Air Inlet 

Entrance Area Shelves 

Entrance Area Floor 

External Surface of Audio- 
Visual Booth 

Cmmmd Station A i r  In le t  

Command Console Surface 

Command Station Back 

Command Station Floor 

CBR F i l t e r  In le t  

Floor Around CBR F i l t e r  In le t  

A i r  In le t  Near Recreation Area 

Surface of Water System Cabinet 

A i r  In le t  Near Wssh System 

Surface of Food Prep. Cabinet 

TNC - Too Numerous t o  Count. 

TABLE 

Number of B plobigii  per 
sq. inrof Surface 

Time of Sampling After 

20 

Aerosol Generation 
20 Min. 2 Hrs. 24 Hrs. 

5 2 

5 2 

33 1 02 

121 TNC 

30 44 

143 TNC 

TNC 

4 

TNC 58 

117 TNC 

TNC TNC 

TNC 

TNC TNC 

TNC 

TNC 143 

11 35 

TNC 

TNC 

3 

9 

280 

TNC 

52 

TNC 

TNC 

6 

99 

196 

TNC 

TNC 

TNC 

200 

T N C  

41  

TNC 

TNC 

CHAMBER SURFACE SAMPLINC AFTER GENERATION OF B GLOBIGII AEROSOL - 



C.  3O-Day Test 

During the 30-day manned test, bacteriological samples of the 
chamber a i r  were taken using the same methods a s  f o r  the  17-day 
test. The 
numbers assigned t o  the a i r  ports  and a description a re  shown 
f3n Flgun 47 . Table 6 shows the data collected 
for 6 different  days during the t e s t .  

Air was taken from 8 di f fe ren t  gas sample ports.  

The a i r  sampled from port  7 shows tha t  p rac t ica l ly  no bacter ia  
were passed through the CBR filter. 
and 4 give some indication of the e f f ec t  of the  u l t ra -v io le t  
l ight,  par t icular ly  on Day 9 where the viable counts show a 
decrease from 0.9 t o  0.1 organism/cubic foot  of a i r  a f te r  
passing through the  u l t ra -v io le t  l i gh t .  
were large from port 10, which would be expected considering 
the waste reactor  as  the source. However, the  air, after 
passing through the Heat &changer and Hopcalite Burner, became 
bacteriologically ultra-clean a i r  and was then returned t o  the  
cabin atmosphere. The results from the sampled cabin a i r  
indicate the men were l i v ing  i n  a r e l a t ive ly  b a c t e r i d  clean 
atmosphere f o r  the  en t i r e  30 days. 

The results from ports  3 

The viable counts 
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h Y  
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B 
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A 
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C 

h Y  

A 
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C 

h Y  

A 

B 

C 

Thy 

A 

B 

C 

A -  
B -  
c -  

4 

9 

13 

20 

25 

30 

TABLE 6 

BACTERIA AIR SAMPLING KESULTS FROM 30-DAY TEST 

Sampling Ports - 6 -? i n  1 1  3 I - 

30 

9 

0.3  

30 

1 76 

5 09 

15 

36 

2.4 

15 

16 

1.07 

15 

12 

0.8 

15 

30 

2.0 

A 

30 

0 

0 

30 

4 

0.1 

20 

0 

0 

20 

3 

0.15 

20 

0 

0 

20 

0 

0 

4 

30 

0 

0 

30 

27 

0.9 

20 

1 

0.05 

20 

1 

0.05 

20 

0 

0 

20 

0 

0 

> -- 

30 

2 

0.07 

30 

8 

0.3 

30 

1 

0.03 

30 

2 

0.07 

30 

0 

0 

30 

2 

0.07 

30 

1 

0.03 

30 

0 

0 

30 

2 

0.06 

30 

5 

0.17 

30 

0 

0 

30 

0 

0 

1 - 

30 

1 

0.03 

30 

0 

0 

30 

1 

0.03 

30 

1 

0.03 

30 

0 

0 

30 

0 

0 

Total Cubic Feet of Air Sampled. 
T o t a l  Number of Organisms Recovered. 
Number of Organisms per Cubic Foot of Air Sampled. 

30 

114 

3.8 

30 

595 

19.8 

5 

569 

113.8 

2 

106 

53 

2 

30 

15 

2 

16 

8.0 

30 

3 

0.1 

30 

0 

0 

30 

0 

0 

30 

0 

0 

30 

0 

0 

30 

0 

0 



A. 1i-h~ Integration T e s t  

Bacteriological samples of in te rna l  wat,er system were taken a t  
various days during the tes t .  Total bac t e r i a l  counts were 
taken on the water samples using Tryptone glucose ex t r ac t  agar 
and incubation a t  35% f o r  48 hours. The results a re  shown in  
the following table .  "he external  holding tanks, W6, W7 and 
Wl0, were not pre-s te r i l i zed .  This prevented an accurate 
assessment of the bac te r i a l  condition of the water produced. 
Diff icul ty  was experienced with the sampling por t s  i n  the 
humidity underflow system, preventing sampling of W8 a f t e r  the 
ion exchange and a f t e r  the charcoal f i l t e r .  This d i f f i c u l t y  
was r e c t i f i e d  before the manned test .  

A s  shown in  Table 7 , the  U-V l i g h t  was e f f ec t ive ly  s t e r i l i z i n g  
the water in the water system. Since the contamination p r io r  
to  Dynion filter w a s  unknown, its performance could not be 
accurately assessed. 

Water System 

Before Ion k c h .  

After Ion k c h .  

After Charcoal F i l t e r  

After U-V Light 

Ekternal Hold. Tank #1 

Ekternal Hold. Tank #2 

Humidity Underflow 
System 

Before Dynion F i l t e r  

After Qynion F i l t e r  

Ekternal Hold. Tank 

Number of Bacteria/& 

Day of Samp 1 ing 
4 6 10 - - - 3 - 

17,300 3,750 67 3,950 

10,200 10,800 103 4 , :loo 
43,jOO 70,000 226 150,000 

0 0 0 0 

TNC TNC 225 79,000 

TNC TNC 320 

Valve Inoperative 

0 0 

300,000 64,000 

TNC - Too Numerous t o  Count. 

BACTERIAL COUNl!S OBTAINED FROM WATER INSIDE CHAMBER - 17-DAY TEST 
(After 48-Hour Incubation a t  3 5 O C )  



(B, 0-Day Test - Internal  Water 

During the  30-day t e s t ,  samples were withdrawn from selected 
sampling ports  i n  the water system and i n  the humidity under- 
flow system f o r  bacteriological counts. The t o t a l  ntnnber of 
bacter ia  were determined by plate-count technique using 
Tryptone glucose ex t rac t  agar and 48 hours' incubation a t  35OC. 
The results are sham i n  Table 8 .  As expected, a population 
of microorganisms was established on the ion-exchange resins 
and on the  charcoal f i l t e r s .  
developing on the water system cartridges was not destroyed 
by the U-V l i gh t .  

A portion of the population 

The samples collected a f t e r  the Dynion f i l t e r  showed the 
presence of bacter ia  on Day 17 and continued t o  do so u n t i l  the 
end of the  t e s t .  "his could be caused by a failure of the 
Dynion f i l t e r  or by a backgrowth of organisms from the ion- 
exchange colmn. 
removed from the system and re tes ted  f o r  bac te r ia l  f i l t r a t i o n  
efficiency. The Dynion fi l ter  removed one-hundred percent of 
the bacter ia  from a heavy bac ter ia l  suspension i n  water. 

Af'ter the 30-day test, the Dynion f i l t e r  was 

Towards the end of the t e s t ,  the potable water tank had a 
v is ib le  slime growth consisting of bacteria and an actinomycete 
on the bottom and lower s ides  of the  tank. 

Number of Bacteria/ml 

Day of Sampling 
29 - 26 - 17 - 23 - 11 - 

Before Ion Exch. 

After Ion Exch. 

After Charcoal F i l t e r  

After U-V Light 

Humidity Underflow 
Sys tern 

Ppfnre DJminn F i l t e r  

After Dynion F i l t e r  

After Ion Ekch. 

After Charcoal F i l t e r  

2 0 3,600 3,600 9,600 

34,000 17,000 2,200 2,500 14,100 

5,000 30,000 4,700 2,400 5,600 

5,300 400 2,000 14,000 8,500 

6;  200 2 800 5 0 0  4,000 4,200 

0 1,000 24,000 17,000 300 

-- 260,000 41,000 860,000 33,000 

166,000 i,ooo,ooo 56,000 16,000 135,000 

TABLE 8 

BACTERIAL COUNTS OBTAINF,D FROM WATER INSIDE CHAMBER 
(After 48-Hour Incubation at 35OC) 



C. 3 O - k ~  Test - Potable Ehternal Water 

The bacteriological l i m i t s  f o r  potable water were fixed a t :  
a )  2.2 coliforms/100 m l  using membrane f i l t e r  procedure, and 
b )  25,000 organisms/ml using plate-count technique w i t h  Try-ptone 
glucose extract agar and incubation a t  35OC for  24 hours. Each 
day's f i n a l  water collection f r m  the water system and from the 
humidity underflow system were tested for  potability. 
were never present i n  the water s y s t e m  f i n a l  water. However, 
on eight separate occasions during the third week, water fran 
t h i s  system was rejected on the basis of t o t a l  count. 
was attr ibuted t o  decreasing effectiveness of the U-V l i g h t  
leading t o  bacterial  growth i n  the system plumbing between the 
U-V l igh t  and the outside holding tank. 
s ter i l ized with alcohol on Day 26. Subsequent water samples 
showed an increasing t o t a l  count but did not reach rejection 
l i m i t s  un t i l  the f i n a l  sample. 

Col i f o m  

Rejection 

These l ines  were 

The humidity underflow f ina l  water was rejected 5 times for  
coliforms, 6 times for t o t a l  bacterial  count, and twice f o r  
both coliforms and t o t a l  count. To determine the source of 
coliforms i n  the humidity underflow f i n a l  w a t e r ,  the spent ion 
exchange and charcoal filter cartridges were tes ted for  the 
presence of coliform organisms. Out of 7 spent charcoal car t -  
ridges, 6 contained coliforms. One niit c r  txc s p ~ t  icr, cxchanijz 
cartridges was positive f o r  coliform organism. Since the co l i -  
forms could have been present on the cartridges when received 
from the factory, 6 new charcoal and 6 new ion-exchange columns 
were tested f o r  coliforms. Mo coliforms were recovered from 
these new cartridges. A second probable source of the coliform 
contamination was the waste disposal laboratory where the char- 
coal f i l t e r s  were washed with d i s t i l l e d  water before use i n  
the chamber. Subsequent cartridges were washed i n  a clean area. 
However, the coliforms s t i l l  appeared i n  the humidity underflow 
f ina l  water. 
replacement of the  ion exchange and charcoal cartridges did 
not affect  the appearance of coliform organisms i n  the system. 

Alcohol s te r i l i za t ion  of the plumbing l i n e s  and 

During the post-test debriefing, it was discovered t h a t  the 
sponges which had been used f o r  spi l led effluent were also 
used t o  wipe up the water spil lage around the charcoal and ion- 
exchange f i l t e r s  when new cartridges were inserted. This 
practice w a s  most probably the source of the coliform contami- 
nation. 



D. 3 0 - w  Test - Shower Water a 
The effectiveness of pasteurization of the s h a r e r  water a t  
165- for  30 minutes was determined by to ta l  bac te r i a l  counts. 
(Plate-count method - Tryptone glucose ex t rac t  agar - incu- 
bation a t  35OC f o r  48 hours.) 
and inmediately after, pasteurization and after cooling t o  
shower temperature (lO5OF). 

Samples were collected pr ior  to ,  

Wl1 - After f i l t r a t i o n ,  but before pasteurization. 
W12 - Fran pasteurization tank. 
W13 - A t  shower head. 

Due t o  d i f f i c u l t i e s  with the shower system, only three sets 
of samples were obtained. 
soap had been used f o r  the shower and the other two w e r e  taken 
when no soap was used. 
These results indicate the pasteurization process w a s  not a s  
e f fec t ive  in  the presence of soap as i n  its absence. 

One set  of samples was taken when 

The results are shown in Table 9 

Number of %cteria/ml 

Soap Present Soap Absent 

Water Temperature 
Ambient Ambient Ambient 

WIl 21,000, OOO 20, OOO, OOO 40,000, OOO 

Water Temperature 
l O 5 O F w  105OF 1659 

m2 3 , 0 ~ , ~  270, Ooo 34,000 

m3 19, OOo, OOo Contaminated 24 

* Pasteurized and Cooled. 

BACTERIAL COup3Ts O F  SHOWER SYSTEM WATER 



CHAMBER SJRFACE 

The surfaces inside the chamber were sampled for bacter ia  by the 
Rodac p la te  method. A t  each sampling period, 20 square inches of 
of each surface were sampled. 
ti=. W t o n e  glucose ex t rac t  agar was used a s  the recovery medium. 
The plates  were incubated a t  28-3ooc for  48 hours. 
are  s h m  i n  Table 30. 
remarkable except t o  indicate tha t ,  i n  general, the  surf‘aces were 
dir ty .  

The same surfaces were sampled each 

The results 
The surface sampling results are  ra ther  un- 

Number of Organisms/20 sq. in .  

Day o f  Sampling 
12 lr) 26 29 

Living Area R u g  

Floor Near Shower 
Entrance 

Table 

Personal Hygiene Sink 

Command Console 

Water Colset 

Food Prep. Cabinet 

Head set 

Sick Bay 

Sick Bay Floor 

177 

675 

137 

TNC 

101 

TNC 

TNC 

TNC 

a 3  

235 

TNC 

TNC 

TNC 

TNC 

86 

TNC 

Sp. NC 

TNC 

46-1 

TNC 

TNC - Too Numerous t o  Count. 

TABLE 10 

TNC 

TNC 

TNC 

TNC 

221 

TNC 

TNC 

TNC 

25 3 

TNC 

RODAC PLATE SAMPLES OF CHAMBE3 SURFACES 

2 02 

- 
863 

TNC 

TNC 

TNC 

la8 

TNC 

352 

TNC 

TNC 

TNC 

TNC 

TNC 

TNC 

TNC 

201 

TNC 

31 7 

TNC 

TNC 

TNC 



6.2.2.3 Recamendations 

A. Water - 
The water system and the humidity underflow system produced 
potable water with the limits set (i.e., a )  2.2 colifonns/lOO rnl 
using membrane filter procedure, and b )  25,000 organisms/ml 
using plate-count technique with Tryptone glucose ex t rac t  agar 
and incubation a t  35OC f o r  24 hours!. Water from the water 
system was rejected during the th i rd  week of the run for t o t a l  
count because the U-V l igh t  was only pa r t i a l ly  e f fec t ive  in  
destroying the bacter ia  from the ion-exchange and charcoal 
cartridges.  

To prevent bac te r ia l  growth i n  the potable water tanks, the 
s y s t e m  should contain a bacteriological f i l t e r  before the 
potable water tank o r  the U-V l igh ts  should be placed around 
the tank. 
water tank w i t h  sane type of biocide such as  s i l ve r .  

Another a l ternat ive is t o  impregnate the potable 

B. Air - 
"he CBR f i l ter  and the Hopcalite burner kept the air bacterio- 
log ica l ly  clean and ef fec t ive ly  prevented any buildup of 
bacter ia  from occurring i n  the chamber atmosphere. 
Hopcalite burner e f fec t ive ly  destroyed the bac ter ia  aerosolized 
f rm the waste disposal s y s t e m .  

The 



CREW 

MESA I 

5.3 - 
- 6.3.1 

The crew for  the July 1963, 30-day attempt included: 

Commander and Medical Officer - R. H. I m r y , M . D .  
Boeing Age 42 

R. J. Barnicki - NASA/Edwards Age rl 
Maj. E. F. Westlake/USAF Age 45 
C. M. *octor/Boeing Age 45 
R. J. Farrell/Boeing Age 25 

As stated herein, the t e s t  time (4 1/2 days) was insufficient to 
derive any usable data re la t ive t o  work-rest cycles. 

6.3.2 MESA I1 

A. Five subjects participated i n  the 4-day manned run which con- 
cluded the 17-day integrated pre-test. They were: 

K. S. Brossel / b e i n g  
F. T. Santler/Boeing 
J. R, Welker/Boeing 
F. T. ~ n s i @ o e i n g  
N. E. Johnson/Boeing 

B. The subjects for  the  30-day manned t e s t  conducted in March 
1964 were: 

Corrnnander - R. J. Barnicki - NASA/Edwards 
Medical Officer - Lt. Cornmander D, W. Robinson, 

J. R. Welker - b e i n g  
P. W. Trush - Boeing 
W. A. Swenson - Boeing 

Age 28 

M. D., Navy/Pensacola Age 33 
Age 36 
Age 26 
Age 26 

The f i rs t  two crewmen were supplied by NASA. 
Boeing employees, two, WelkeP and !kush, participated i n  the 
&-day pre-test. M. Swenson was the back-up crewman replacing 
Mr .  N. E. Johnson who was medically dis  ual i f ied 6 hours pr ior  
t o  the s t a r t  of the test on March 2, 19 24 . 

Of the three 

A l l  f ive  subjects were brought on board approximately three 
weeks prior to the s t a r t  of the 3O-day manned nm. 
period, time was spent on system familiarization, pre-test  
medicals and behavioral tes t ing and a d i e t  period of 8 days 
prior t o  test s t a r t .  

During t h i s  



I 

The in te rna l  crew was responsible f o r  internal monitoring of equip- 
ment, naintenance of equipnent and maintaining records of medical and 
nut r i t iona l  data. Samples of the internal data sheets a re  included. 
One creman was i n  constant communication with t h e  test conductar on 
tile outside a t  a l l  times. 

A work-rest cycle was established to provide f o r  accomplishment of a l l  
the  requirements of the  test when considering the l i v ing  area avai l -  
able. A four t tofft t ,  eight "on" was  uscd with nut r i t ion  handled bjl 4 
meals per day. A samplc of the  IGSA I1 crew schedde is shown on the 
followinG page. 
in section 6.4.) 
crewman on a s p l i t  schedule. 
this schedule showed: 

(The behavioral t e s t ing  was reduced a t  D a y  5 as noted 
This sckclule provided 2 crews of 2 each and 1 

Although not unani~nous with a l l  crewJen 

A. Good on amount of sleep. 

B. Good f o r  breaking-up work hours and, therefore, monotony. 

C. Pre-conditioning pr ior  to test would have been advisable. In 
some cases it took 6 t o  7 days t o  get adjusted t o  t h e  schedule. 

D. A l l  crewmen s t a t ed  t h a t  some variety i n  t h e  scheehrle would be 
advisable. Such as; reduced schedule on one day a week to  
simulate Sunday. 
re l ieve  the boredom. 

This would probably break up the  monotony and 

E. The crewmen were not highly motivated t o  a "great cause" a s  would 
an astronaut i n  space. However, t h e y  proved t h a t  scheduled work 
could be performed on an orderly and timely basis. 

The crew were l e f t  on t h e i r  own insofar  as physical exercise was 
concerned. 
s e t  exercises. 
there  appears to be a real need f o r  continued exercise. 

!Cw crewmen performed t h e  5 BL while others performed no 
Although no physical degradation was noted i n  30 days, 

Personal hygiene appears to be a very inportant aspect of space confine- 
ment. 
sensi t ive sense of smell. 
annoyance t o  the  crew. 
shaving lotions,  etc. were allowed. 
f la tus .  
effect  was, according to  the crew, longer l a s t i n g  tnim nemal.. 

h e  to the super-clean atmosphere all subjects developed a very 
Normal personal odors became a source of 

Because of p o s s i b l e  toxic e f fec ts  no deodorants 
Another source of annoyance was 

Since the t race  control system was not ins tan t  acting, the 



Time 
I I 0o:oo 
! : 01:oo 
i 02:oo 

a 
C RKW SC HEDI JLE 

- . . - - -. - 

E - Electrocardiogram 
S - Sleep 
P - Personal Hygiene 
F - Eating 
M - Monitering (Command Console) 
B - Experimental Booth 
H - Housekeeping 
R - Recreation 



Thcre were two major occurrences durine, the  3 0 4 a y  test. These 
possible stress periods should be  considered when reviewing other 
data relat ivc t o  the crew. 
t o  tile magnitude and number of' psyctiological. testiw. To the 
personnel on t h e  outside it appeared t o  be a 
by the crew. 
occurrence s ta r ted  on ilay 22, and was re lated t o  why the 3-day 
hospitalization was required a f t e r  the t e s t  was over. 
hers of tile crew felt t h e  f'confinement'' was unnecessary i f  tney  were 
i n  good health and there was a difference of opinion on what corffine- 
ment meant. This problem w a s  worked over a 4-day period. Thcre were 
no apparent objections during the actual 3-day confinement; t h i s  
could have been a t t r ibu ted  to  the excellent a t ten t ion  the crewrnen 
obtained in  the hospital. 

Cm D a y  5 ,  the  crew objected strenuously 

"chanrtr o r  else'' ed i c t  
This problem is  discussed i n  Section (,./, 'L'he other 

Certain r~ierfi- 

All crewmen stated tha t  greater a t tent ion should be put on proper 
crew selection, long term program association f o r  familiarization, 
and on giving tile crew a greater responsibil i ty insofar  as  monituring 
and running t h e  systems. When considering f i t u r e  programs, planners 
should carefully consider crew selection and program association 
"tenure". Astronauts presently i n  t ra ining f o r  space aiss ions wed 
provide properly motivated subjects who could accept the uncomforts 
associated with long-term testing. 

Four of the f ive  crewmen nave offered t h e i r  impressions of the +day 
manned test. 
impressions without an attempt -t;O suggest any areas of discussion. 

Basically each crewman was requested to give h i s  

2. J. Barnicki (April 6, 1364) 

The test, as a whole, was very successful with r e l a t ive ly  few 
problem areas. 
People were well-motivated and trained i n  each of t h e i r  respective 
f i e l d s  of responsibil i ty.  

The merat ions and test plan were well  defined. 

The area of motivation and training of subjects l e f t  much to be 
desired. 
a la rger  group, a t  least six months t o  a year p r io r  t o  the start  of 
such a test. 
areas of responsibi l i ty  using design review meetings, or the like, t o  
o r i en t  and inform the par t ies  in a l l  phases of the  program. 

The engineering portion of Project MESA is  one of the areas t h a t  the 
people of The acing Company can be ju s t ly  proud. The engineering 
6mxp x i s  k r I 2  meged,  sk.111-trllly staffed, and displayed great  
motivation t o  a job t ha t  was exceedingly d i f f i c u l t  and, to  a great 
extent, unknown. 
e f f o r t  t o  insure t h a t  the safety and weU.  being of the crew would not, 

It is my strong feel ing tha t  a crew should be selected from 

This crew and a l l  a l ternates  should work i n  spec i f ic  

The medical coverage, without question, spared no 



ir, any way, be in ciolqyx or that  EI change in a crew rm:ibcr's 
health s t a tus  wriuld go undetected o r  unrecorded. 

In the  area of bacteriology, once again tLe people showed a dedi- 
cation to good and rneanh@ul research data. 
tha t  shou2.J be granted f u r t h e r  study are:  
personal hygiene, food, communications, behavioral testing, equipment 
design and presentation, medical monitoring and data presentation, 
gathering, and read-out. 

The problem areas, 1 f e l t ,  
crew sel.ection and t r a i n i w ,  

i wish  to express my sincere thanks to the people of t h e  Bioastronautics 
section on the successful completion of a challenging project, anu am 
proud t o  have been able t o  contribute to t h e i r  e f fqr t .  

J. R. Welker (April 6 ,  1964) 

Crew selection f o r  the M E A  run appeared t o  be, of necessity, a matter 
of both temporal and f inancial  expedience. Future programs might well  
follow c r i t e r i a  already well established i n  the present Astronaut 
training programs. C r e w  training, a secondary concern i n  t h i s  systems 
tes t ,  was hampered by the press of time. 
the operation, maintenance and repa i r  of the systems was experienced 
hy a _ l l  nrrly t c ~ z r d  t h ~  l a t t e r  p k i  of t h e  tesii. 

A thorough-familiarity w i t h  

Adaptation to  the work-rest cycle was evident by the  end of week one 
for most. 
through all phases of the  work-rest cycle. 
tasks,  for example, were often performed automatically by the same 
individuals, regardless of rotated dai ly  assignments. 

This strong adherance t o  routine appeared to extend i t s e l f  
Maintenance and housekeeping 

Reading generally appeared to be the most common mode of recreation. 
For myself, f'urther investigation of handicraft a c t i v i t i e s  t h a t  d i d  
not require glue o r  paint  would have been frui t f i r l .  

Failure t o  whole-heartedly accept the psychological program nay w e l l  
nave been due to i t s  being the sole pa r t  of the  program t h a t  appeared 
expendable and therefore it received the  brunt of antagonisms stemming 
from confinement, the Gemini d ie t ,  minor malf'unctions of the  systems, 
and a l l  other largely -- in other circumstances -- pet ty  i r r i t a t ions .  

Inter-personal re la t ions among the  crew appeared t o  range the behavioral 
spectrum, but primarily on a covert level.  
of perhaps several weeks a pre t ty  f a i r  equilibrium existed. 
ment of a smooth working relat ionship With test personnel outside the 
chamber appeared to  be a problem frm time to  time. 

After a "shake-down" period 
Attain- 



In tha t  comments on and evaluation of the l i f e  support systems 
sppear elsewhere, it is  perhaps suff ic ient  t o  nention the  trouble 
f r ee  operation of the respiratory system. Space-weight factors  
appear tu have been paramount i n  the design of par t icu lar ly  the 
water purif icat ion and waste treatment systems in t h a t  each was 
forced t o  operate a t  near i ts  maximal l i m i t .  
waste reactor  with a suff ic ient ly  flexible loading r a t e  fac tor  would 
have solved, f o r  example, the  shower recycling problem. Modular 
design considerations would f a c i l i t a t e  maintenance and repair  of alL 
systems demanding continuous operation. O f  extreme importance, de- 
sign and procedure-wise, is the requirement for maintaining pract i -  
cal ly  asept ic  conditions throughout the l iv ing  area. Investigation 
of the appl icabi l i ty  of such s t e r i l i z ing  techniques a s  ultra h igh  
frequency, o r  of cleaning compounds amenable to processing by t h e  
waste reactor  might be profitable.  

Development of a 

A n  important f ace t  of the conduct of the MESA run was  the high l eve l  
of confidence f e l t  by t h e  crew f o r  the t e s t  personnel on t h e  ex- 
te r ior .  
feed-back of test data re la ted  to both systems and individual functions. 
The writer, f o r  one, f e l t  a re la t ive ly  strong sense.of lack of con- 
t r ibut ion to the test on his part .  A small laboratory aboard would 
have solved t h i s  problem nicely. 

One problem faced by the crew stemmed from the  lack of 

The twice-daily medical monitoring came t o  be somewhat tedious due 
to t h e  generally f i n e  state of health of the  crew. 
interchange m i g h t  b e t t e r  be handled by the medical personnel in- 
volved. 
a chain of comand procedure would be invaluable. 

This dai ly  

In regard t o  t h i s  and other communication w i t h  the exterior,  

From my own point of view, given reasonable assurance of the w e l l -  
being of loved ones, selection of a trained, competent and dedicated 
crew, and elimination o r  modification of some i t e m s  of diet ,  pro- 
longed confinement and isolat ion i s  not perhaps the  problem it has 
appeared to be. 

P. W. Bxsh  (April 3, 1964) 

Water System 

Most problems were in  the clefoamer motor, and spec i f ica l ly  the bearing. 
Effluent l i n e  blocks m a y  have been avoided by be t t e r  removal of so l ids  
t h a t  collected in the bottom of t h e  effluent tank. The dr ip  pan under 
the  vnt.cr system was not accessible for cleaning. 

Reactor 

The plugged condition of the reactor a i r  nozzles when removed l a t e  i n  
run suggested a regular dai ly  replacement, Solid materials collected 



in  the bottom of the eff luent  tank and may have caused pluggw of 
inlet l i n e  t o  water systems. The reactor  seemed stable  w i t h  good 
action during l a s t  week of run using l iqu id  pump No. 1. 

Shower 

The hot shower was a high point in t h e  day, pleasant and relieved 
monotony. It should be continued, if possible, on i so la t ion  pro- 
Jects. 
and should be easy to remove and clean. 

Water pumps continually l o s t  prhne and had to be manipulated to  ge t  
water started.  

A l l  sump tanks, however, must be designed t o  drain completely 

Personal Hygiene Cabinet 

The f l a t  bottomed sump tank collected water and became rancid. 
glass  cover warped and was d i f f i c u l t  t o  replace. 
to clean. 
lower level. 

Plex- 
Swnp was d i f f i c u l t  

The sump pump was modified during test t o  keep water a t  a 

Head 

Urinal tank was not eas i ly  cleaned. 
unit held raw sewage, did not give a specif ic  sample, and was not 
cleanable. Did not ge t  a sample every time. 

- 
Q~mp1e u d ~ e  at eo,mL~tt t isn 

Psychological Testing 

Midnight psychological t e s t ing  was highly i r r i t a t i n g  and seemingly 
unnecessary. 
an optimum level.  
g ica l  t es t ing  area, such as  weekends which would help reduce monotony. 

Originally over-scheduled, was reduced to less than 
I would suggest complete days off i n  the psycholo- 

Food 

A tremendous relief was experienced by a l l  crew members when the  
Gemini d i e t  ended. 
variety, more milk and juice is recommended. Although f i l l i n g ,  the  
food d id  not "stick" long and hunger returned before the next meal. 
The l o w  residue d i e t  was a cause of f l a t u s  and continual physical 
discomfort. 

- 
The space s t a t ion  d i e t  was f a r  superior. More 

Work-Sleep Schedule 

I never adjusted comfortably to t h e  3 1/2 hour sleep, 8 hour work 
schedule. Noise l eve l  made f a l l i n g  asleep d i f f i cu l t .  !There could 
have been more work, i.e. involvement with the system i t s e l f .  !This 
wwld make sleep easier. 
ed plus a 6-hour period on weekends to break the monoto,ny. 
normal schedule workable is the best ,  and less sleep is required i n  
enclosed areas. 

A 5-h0ur, 2-hour sleep schedule is recommend- 
The most 



W. A. Swenson (April 10, 1964) 

In  my estimation the most important single upholder of morale i n  
the chamber is food, merefore, from a standpoint of desirabi l i ty  
rather than nutri t ion I would suggest tha t  it could be improved. 
A more flexible d i e t  which could be varied to the consumer's wants 
would be very welcome. In  l i e u  of th i s ,  a t  l ea s t  a repeti t ion 
schedule of greater than three days as in the space s ta t ion diet. 
Most food needed salt, especially meat, which tended to be bit ter.  

A t  l e a s t  in my waking hours there was not enough variety of 
schedule. 
other waking period allovFng me one extra hour of rest before bed 
each 6:00 am. 
believe that  a regularly repeated sleeping schedule is desired, 
the same chain of events day after day produces boredom. 

"he time a t  the command console varied one hour every 

This I looked forward t o  w i t h  glee. While I do 

It was mentioned t o  m e  that  the shower system cculd possibly be 
replaced w i t h  a sponge. I think t h i s  would be unfortunate, es- 
pecially in  the case of a longer run. I should think some form 
of immersion system could be worked out t o  counter-act zero- 
gravity. The total lack of r ea l  three-dimensional water f o r  
bathing purposes would not seem to appeal to Americans. 

In conclusion, I would say that I t h i n k  the reactions of the crew 
to the manner in  which the t e s t  was conducted, particularly in 
the area of relations of the inside t o  the outside, should be 
noted and would perhaps save hours of confusion and anxiety i n  
f'uture t e s t s  of this kind. 
for  the moment within the  chamber strangely enough fee ls  much the 
same to the individuals concerned as it would outside the chamber 
and need not cause undue indigestion to the outer world. 
course, future experiments can produce future problems, but s l ight ly  
more readiness to have confidence in  the judgment of the crew con- 
cerning problems of health, personalities, etc., might result in 
a greater confidence of the crew i n  i t se l f .  

A slight personality problem occurring 
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e.4 REHAVlOHAL 

6.4.1 MESA I' 

The behavioral assessment program d u r i n g  MESA T was compara- 
t ive ly  small due to the amount of crew time wnich was talren 
up by maintenance and repa i r  of' the l i f e  support system, due 
to crew i l lnesses ,  and because of psychological apparatus 
problems. 

Prior to t h e  beginning o€ t n e  run i n t e l l i g i b i l i t y ,  s tereopsis ,  
visual  acuity,  phoria, p i t ch  discrimination and color discrim- 
ination were given to from one to four of the crew members. 
Pre-confinement tests which were given to a l l  of the pe r t i c i -  
pants were tne subject ive stress s c a k  ( S S S )  end the confine- 
m e n t  questionnaire (Inventory J-A).  me to  t i m e  l imi ta t ions  
and to apparatus d i f f i c u l t i e s  no other  pre-confinement t e s t ing  
was cerr ied out. 

In  addi t ion to the above tests which were taken by some of the 
crew during the  run, also included i n  the  test program fo r  some 
were complex information processing, the Nowlis Adjective C h e C K  
List (ACL) and the Semantic Differential .  

After the  ruri was aborted some cur ta i led  data col lect ion was 
pursued. A l l  crew members received t h e  Modified NRL Scales, 
the Semantic Different ia l ,  the Nowl is  ACL and the  SSS. Some 
a lso  received the s tereopsis ,  phoria and v isua l  acui ty  tests. 

Recause of the circumstances surrounding the  co l lec t ion  of 
the behavioral data,  much of t h i s  information would have t o  
be viewed as  highly unreliable. In  addition, so many tnings 
happened during the run t h a t  the  observed trecds are  d i f f i c u l t  
ta in te rpre t .  For tnese reasons only a few general, highly 
speculative, f indings w i l l  be mentioned. 

Fa i r ly  ear ly  in the run the  things t h a t  bothered the  crew most 
(from a l i s t  of twenty-one items on t h e  Modified NRL Scales)  
were: smells, food, toilet f a c i l i t i e s ,  d i r t  and leadership.  
Administered again t o  t ap  feelings a t  the  end of the  r u n  t h e  
Modified NRL Scales showed that  i n  addi t ion t o  smells, food 
and d i r t ,  the  behavior of other crew members, physical  
symptoms and the  lack  of water f o r  washing were highly annoying 
features  of the chamber environment. 

The re t rospect ive questionnaire (invenL&ry I-A and I-R! vas 
designed to evaluate various experient ia l  f ac to r s  of  chamber 
confinement. It consisted of statements which could be ex- 
pected to apply both t o  normal l i v i n g  conditions and ta life 
in the  chamber. 
member checked each statement to indicate  how much it applied 
to a typ ica l  week of h i s  l i f e .  Later the crew members took 
Inventory I - B  i n  which they indicated how the  same statements 
had applied while they were in  the  chamber. 
more than twenty fac tors  contained within the  questionnaire a r e :  
i n t e l l e c t u a l  eff ic iency,  unusual visua l  o r  auditory experiences, 

For the pro-confinement version each crew 

Ekamples of the 
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restlessness,  physical symptom and complaints, concern Over 
t h e  passage of time, anger and hos t i l i t y ,  lonesomeness, and 
worry or f r igh t .  
from baseline experience to  during the run were evident i n  
very few instances. 
up the various factors  revealed no pronounced during-confine- 
ment changes other than in the  area of bodily symptoms and 
complaints. 

There was some evidence t h a t  the crew members during C O n t ' b e -  
Inent f e l t  Less comfortable and sa t i s f ied ,  t h a t  they found 
a c t i v i t i e s  l e s s  pleasurable, t h a t  they d id  not f ee l  f resh and 
rested upon awakening, and tha t  they sometimes f e l t  discouraged 
They clearly d i d  not l i k e  the food which was supplied. There 
was also some indication t h a t  the crew members were bothered 
by the s l o w  passage of time and tha t  they didn't wish to be 
bothered by tests during the confinement. 

S h i f t s  in marking the individual statements 

Examination of the i t e m  c lus te rs  makW 

F r o m  the  M.owlis Adjective Check L i s t  came some indications of 
mood changes &FLe Fn the chamber. Ihxring t h e  confinement ex- 
perience as compared w i t h  before confinement, crew members in- 
creased in aggressive feelings and in depression and decreased 
greatly in the  checking of words re la t ing  t o  pleasantness. 

0.4.2 MESA I1 

0.4.2.1 REQUIRESIENTS 

Various psychological tests were used to evaluate the ef fec ts  
of a t h i r t y  day stay in the MESA chamber on the  behavior of 
the f ive  man crew. The extensive psychological measurement 
program which was original ly  developed was designed to serve 
the dual function of permitting assessment of crew performance 
as  w e l l  as providing a large portion of the  Job load through- 
out the month's confinement. It l a t e r  turned out  t h a t  the work 
load required to maintain t h e  l i f e  support system was sufficient?y 
heavy t h a t  the  need to " f i l l  time" w i t h  extraneous tasks was con- 
siderably diminished. Hence, the f i n a l  psychological test pro- 
gram m s  much abbreviated and had a s  its only major aim the  ass- 
ment of potent ia l  behavioral changes. 

The in t e re s t  in crew behavior stems f r o m  a considerable backlog 
of anecdotal information and research literature suggesting t h a t  
various behavioral changes can be brought about by unusual en- 
vironments. The psychological assessment propam was added late 
i n  the planning stages of the MESA project  i n  order to discover 
any possible behavioral decrements which could have a bearing on 
the a b i l i t y  to Complete future  long-range space missions. 

Several experimental problems o r  l imitat ions should be mentioned 
since they served t o  l i m i t  considerably the u t i l i t y  of the  be- 
havioral assessment which was carr ied out. F i r s t ,  any crew l s  
bound to be qui te  d i f fe ren t  from other crews and a s  a result the  



individual and group behaviors reported here may be greatly 
limited in generalizabili ty.  Perhaps the most severe l i m i -  
t a t ion  is tihe f a c t  t h a t  no control group could be employed 
to take the various tests on the same the schedule (as the 
MESA Crew) while leading a more "normal" life. 
that the  behavior of such a control group would not have re- 
mained consistent throughout the run it is nearly impossible 
to in te rpre t  the rises and f a l l s  of crew behavior. To those 
aware of t h e  many features  of the complex MESA projec t  it 
w i l l  be c lear  t h a t  another diff icul ty  in results interpreta- 
t ion  is t he  f a c t  t h a t  changes in crew behavior could be a t t r i -  
buted to any of a large number of aspects of the  MESA environ- 
ment, f e w  of which could be adequately controlled. Finally, 
the subjects who were available for select ion were, i n  most 
cases, d i f fe ren t  f r o m  the  population of persons to whom 
generalization is desired. For this reason many of the sorts  
of problems discovered i n  t h i s  study might not be found among 
astronauts . 

Assuming 

Keeping a l l  of these l imitat ions i n  mind, the data collected 
here can s t i l l  be expected to be a contribution to the  g r o w i n g  
l i t e r a t u r e  of long term group confinement as  w e l l  a s  f'urnishing 
valuable hypotheses about potential  "people problems" in 
multiple-person long-term space missions. 

To t h i s  end, then, the psychological assessment program sought 
information about sensory f'unctioning, perceptual and motor 
s k i l l s ,  group dynamics, and individual a t t i t udes  and experiences 
throughout the t h i r t y  days of the MESA mission. Many of the 
measures were included to establish similarities and differences 
of t h i s  experience w i t h  many similar s tudies  of confinement. 
Others, notably the sensory functioning measures, were included 
i n  the program because they  have rarely been measured before in 
such environments. 



6.4.2.2 METIIOD 

I. Subjects 

The MESA test crew was composed of f ive  m e n  (ages 26, 
26, 28, 33 and 36 years) two of whom were provided by 
NASA and three who were Boeing employees. One member 
was a physician currently serving as a Naval flight 
surgeon. Another had h is  M.A. degree and is s t u d y i n g  
f o r  hie Ph.D. !Bm other crew members were college 
graduates. 
education beyond high school, possessed considerable 
training of relevance to the MESA project. One subject 
had been a member of the crew during the aborted MESA I 
attempt. 

The f i f t h ,  although not having formal 

11. ?sychological Mnitoring Schedule 

A t  the beginning of the period of confinement, psycho- 
log ica l  monitors were assigned to man the communication 
and data collection center (the psychological monitor's 
s t a t ion )  twenty-four hours a day. Leter in the run the 
schedule was reduced to the eight  hours per day f r o m  O800 
to  1600 hours, seven days a week. Nearly all cf %he 5st.a 
Ad be reported here were thus collected during these hours. 
For this reason no attempt was made to evaluate performance 
as a function of time of day. 

The psychological monitor was responsible f o r  all communi- 
cations pertaining to  the collection of psychological data. 
Many of the t e s t s  were i n i t i a t ed  and scored f r o m  h i s  station. 
Others were self administered by the  subjects and l a t e r  
passed through the a i r  lock. 
the  chamber assisted by handing out appropriate test forms 
a t  prescribed intervals. 

(See photo 28). 

One member of the crew inside 

I I L  Test Procedures and Schedule6 

A. Sensory Capabilities 

1. visual 

a. mor ia  

Phoria was measured in a Keystone 41C !Me-  
binocular (a stereoviewer Kith + 5 diopter 
s p l i t  spherical lenses.) !Che subject viewed 
an a m w  with h i s  l e f t  eye and a numbered 
scale with h i s  right. The r e l a t ive  positions 
in which he perceived the a m w  and the scale 
provided a measure of the convergence relation- 
ship between h i s  eyes a t  the par t icu lar  accom- 
modation setting used. Test materials were 



constructed s h i l a r  to those avai lable  
commercially for c l i n i c a l  use w i t h  t h i s  
instrument but w i t h  several  orthG posi t ions 
to reduce problems w i t h  memorix~tion of 
responses. (See photo 30. ) 

Phoria was measured in t h e  la teral  ax is  a t  
both near and f a r  points (equivalent distances 
of 16 inches and infinity). Only f a r  point  
phoria was measured in  t h e  v e r t i c a l  axis. 
test session involved t h r e e  tests of each of 
the three phoria conditions. This t a sk  w a ~  
or ig ina l ly  scheduled f o r  every three days; a f te r  
Day 6 it was rescheduled f o r  every four days. 
Testing before and a f t e r  confinement was complete 
f o r  all subjects. 

p c h  

b. Stereopsis (depth 'perception) 

Stereopsis (depth perception) was measured i n  
the  same viewer 8s phoria. 
consisted of a set of "multi-stereo" test cards, 
obtained from the Keystone V i e w  Company, MeadvUe, 
Pennsylvania. They consisted of s t e reo  photos of 
sets of eleven ve r t i ca l  rods mounted a t  d i f f e ren t  
apparent distances f r o m  each other.  The subject  
was required to record t h e  nearer  member of each 
adjacent ,pa i r  of rods. For each test session a 
subject was asked to  view f i v e  o r  more photos 
selected to  bracket h i s  threshold. H e  recorded 
h i s  responses f o r  these photos on a scoring sheet. 
Stereopsis was measured only a t  the f a r  point. 

The stimulus mater ia l  

This t es t  was scheduled f o r  every three days during 
the run. 
four days; one of these test points  (Day 13)  was 
used instead f o r  acuity. 
confinement was complete f o r  a l l  subjects.  

After Day 6 it was rescheduled f o r  every 

Testing before and a f t e r  

C. Acuity of Resolution 

Acuity was measured with the  same viewer as phoria. 
Test material was the Wolf matrix of Landolt CI i n  
various sizes.  These consisted of f i v e  by f i v e  
metrices of black r ings  on a w h i t e  background, each 
ring having a gap i n  one of four posit ions,  up, 
down, l e f t  o r  r ight.  Each test card held 2 i den t i ca l  
matrices mounted for  binocular viewing. 
observed a card in the  viewer a t  f a r  poin t  and re- 
sponded with the or ien ta t ion  of the s p l i t  i n  each 
ring. 

The subjec t  
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Up to Day 7, subjects  recorded t h e i r  responses 
to  preassigned cards on score sheets. After 
Day 7 subjects  reported t h e i r  responses verbally 
to t h e  psychological monitor, who assigned them 
three cards, one a t  a t i m e ,  on t h e  bas i s  of t h e i r  
p r io r  performance. 

A l l  subjects  were tes ted  before and after con- 
finement. Testing was scheduled f o r  every three 
days during t h e  run. 
only  one subject had been t e s t ed )  t h e  s chedde  
was reduced to two more sessions. 

On Day 7 ( a t  which t i m e  

d. C r i t i c a l  Flicker Frequency (CF'F) 

The c r i t i c a l  f l icker frequency fusion point  was 
measured w i t h  a spec ia l ly  designed system of 
f luorescent  lamps. One lamp, controlled by a 
multivibrator,  provided a f l i cke r ing  .75 inch 
t a rge t  spot w i t h  a 5046 duty cycle. 
background area surrounding the  t a r g e t  was 
illuminated with f luorescent  lamp of  similar 
color. The frequency of t h e  t a r g e t  was varied 
by a motor driven cam which reversed a t  randomly 

to respond S v  pressing a button each t i m e  it 
fused o r  began f l icker ing.  
such responses each session. 

A f i v e  inch 

-c ,c;lected points. The subjects  were ins t ruc ted  

They were to make 12 
(See photo 29.)  

Subjects were tes ted  through b y  6 a t  four  back- 
ground l eve l s ;  from Day 6 on only the  30 f o o t  
lambert background l e v e l  was used. Also, t e s t ing  
was cut  from once every three  days to once every 
four days. Actual background and t a r g e t  i n t e n s i t i e s  
were 24 and 55 (average) f o o t  lamberts. 

2. Auditory 

a. Pitch Discrimination 

In the p i tch  discrimination test, subjec ts  l i s t ened  
to recorded s e r i e s  of tone pulses. The pulses  were 
a t  a 60 db sound pressure l e v e l  (re.0002 dynes/cn?) 
and averaged 950 cycles per  second. Each pulse i n  
a series was f r o m  zero to 14 cycles higher o r  lower 
in  frequency than the  previous one. 
compared t h e  p i t ch  of each pulse with the  p i t ch  of 
the preceeding pulse and made a corresponding re- 
sponse on 8 score sheet.  A test session included 
ten presentations of each of ten frequency d i f f e r -  
ences. 

The subjec t  



'Rlree subjects w e r e  t e s t e d  p r i o r  to confinement; 
a l l  sub.jects were tested afterwards. I5ackground 
noise was qui te  high during t h e  run, since a l l  the 
equipment was functioniug, I t  was Lover before 
the mi, wnen only the vent i la t ing  system was on 
and very low afterwards, when no equipment was  on. 

b. I n t e l l i g i o i l i t y  

Three t e s t s  of i n t e l l i g i b i l i t y  were dsed. niey 
consisted of verbal material played tc; t h e  subjec t  
from tape recordin s a t  a 00 db sound pressure level  

equal level .  Test 1 consisted of 50 common mno- 
sy l lab ic  words. Test 7 consisted of 20 sentences 
with LOO key words. Tney were botn taken f r o m  Beranek, 
Acoustic Measurements, Wiley, 1949. For both, sub-jects 
were required t o  w r i t e  the  recorded material  a s  t n e y  
heard it i n  t h e  noise background. Test 3 consisted of' 
24 words, taken from W A I X  TR 52-223. Responses were 
made on score sheets containing 24 groups of four words. 
One word i n  each group was recorded; the o ther  three 
were selected to sound s i n i l a r  t o  the cor rec t  word. 
Scoring was based on the number of words wr i t ten  (or  
c i r c l ed )  a6 they were pronounced. 

( r e  .ooO3 dynes& 4 ), along with white noise a t  an 

Test 1 was given before confinement to three subjects.  
All th ree  tests were or ig ina l ly  scheduled t o  be given 
every three days during confinement. They were given 
once before Day 6 and, as rescheduled, twice a f t e r  Day 
6. In  addition, they were given once to a l l  subJects 
a f t e r  confinement. No subJect was tested with a Darti-  
cu la r  form of tne test more than once. 

B. Performance Abilities 

1. Tracking - This task required compensatory ve lor i ty  
tracking in tur, dimensions w i t h  a random noise input 
signal. "WD minute t r i a l s  alternaterl  with IO second 
rest periods. Performance was recorded as absolute 
error integrated over each two  minute t r i a l .  On some 
days subjects performed on t h e  tracking t a sk  only f o r  
3 5  to 25 minutes. On a l t e rna te  days, they performed 
on the tracking task by itself and then on tracking 
combined w i ~  mnitor ing.  (See photc 3. )  

AU subjects except C, t h e  replacement, received l imited 
preconfinement testing. 
confinement. 
scheduled f o r  every three days. 
scheduled f o r  approximately every four days. 

All subjects  were  tested af ter  
Testing during the run was or ig ina l ly  

After day 6, i t  was  re- 



T e s t  sessions prior to Day 6 consisted of 12 to 24 
minutes of tracking only, or five to ten minutes of 
tracking only followed by a 22 minute session of 
tracking with monitoring. 
every three days. 
only were stabilized a t  20 minutes, tracking before 
monitoring a t  six minutes, tracking w i t h  monitoring a t  
22 minutes, and the schedule was reduced to one repeat 
every four days. 

Eech sequence W ~ S  scheduled 
After Day 6, sessions of tracking 

2. Monitoring 

The monitoring task consisted of four warning lights 
and fou. meters. 
each indicator with the correct one of eight pushbuttonrr 
as  rapidly as  possible af te r  it wa6 illtuainated (lights) 
or deflcoted f’rom zero (meters). 
22 minutes and included 32 stlmhli, four for each display 
in .a random order. 
junction w i t h  tracking. 

The r i j e c t  WBI) required to turn off 

Each test session lasted 

This task was always used in con- 

All subject6 except C, the replacement, received one 
precoafincment test session and a l l  rubject. were tested 
a f te r  confinemnt. 
schtCule %mi changed from once every three days b once 
every four days. 

On Day 6, the monitoring test 

3. Tinre htimation 

For the 15  and 60 8econd t i m e  estimations, subjects held 
a pushbutton closed for the interval they 08thmbd. 
data up to day 6 were baaed on eatinmtes made in the 
complex information processing (orbi t  correction) task. 
After this taok W ~ B  dropped, on D a y  6, two estiPrte8 of 
each interval were scheduled every four days. 
second interval, all subjects but  C made prerun estimates. 
The orbi t  correction task did not include many corrections 
i n  the neighborhood of 1 5  seconds so the data pr ior  to day 
10 are llmited. 

All 

Fbr the 60 

A l l  subjects were te8ted after the run. 

Five minute time estimates vhre carried out by verbal 
contact between the psychological monitor and the subject. 
This task was mi6oed in the pretar t  schedule so no p n -  
confinement data exist ,  
d u r a  and a f t e r  the run. 

Complete data vere obtained 

C. l%ychologlcal Scaling of Experiences 

1, Inventory I-A, I-B, and I-C. lbis was a ratrorpectlra 
questioruulre derigned to evalueb -rim exper ia t i i l  
factors during the NESA comflnement. Host of the itemu 
ueed were b u n  fron a qmrtioiuuire developed by IfumRRO 
in Monterey, California f o r  use in experlmntil rtudler 
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of isolat ion and confinement. 
contained t h i r t y  factors  such as: group annoyance, 
efficieocy of thought, unusual visual and auditory 
experiences, restlessness,  phy s ical  complaints , time 
tedium, lonesomeness o r  isolation, worry or  fright, 
speech d i f f i cu l t i e s ,  and t h e  l ike .  

The MESA questionnaire 

All two-hundred statements i n  the inventory were 
written so as  to be applicable to l i fe  outside as 
well a s  inside the chamber. The subject placed a 
check mark beside each i t e m  beneath one of t h r e e  
columns to  indicate how much the i t e m  applied to him 
during t h e  specified time referent .  H i s  choices were: 
Never, Once or Occasionally, and Frequently. 
ventory was given first several  days p r io r  to entry 
in to  confinement (Inventory I -A ) .  
subject  was asked to check each i t e m  to indicate how 
often it would be l ike ly  t o  apply to h i s  experiences 
during a typical  week' of h i s  life. ?he second adminis- 
tration was on Dey 7 (Inventory I-B), t h i s  time re- 
f e r r ing  to experiences during the first week in the  
chamber. The t h i rd  form of the questionnaire (Inventory 
I - C )  was given a t  one week intervals thereaf te r  (on Days 
14, 21 and 28), w i t h  the instruction each time to f i l l  it 
out  w i t h  reepect to the previous week. Instructions for 
the three fonns of the test and the various test items 
are  given in the MESA Test Plan (@-90487-3). 

The in- 

On t h i s  occasion t h e  

2. Modified NRL Scales I and 11. This rank order scale  was 
drawn, with minor modifications, f r o m  Naval Research 
Laboratory Report 5882, a study dealing with two-week 
confinement i n  a fall-out shelter. It consisted of 
twenty-one potent ia l ly  annoying o r  bothersome i t e m s  which 
were to be placed i n  rgnk order i n  terms of: 
much" qnd 2)  "how often" they bothered the crew member 
during the specified time interval. 
l i s t ed  i n  t h e  results section. The test was administered 
first a s  a pre-confinement prediction baseline (Scale I). 
In t h i s  test each subject was asked to make up h i s  rank 
orders in  terms of "how much" and "how often" he predicted 
the individual i t e m s  such as  behavior of others, noise, 
food, e tc .  would bother him during t h e  t h i r t y  day chamber 
confinement. Scale I1 was administered four times during 
confinement bn Deys 9, 16, 23, and 30). On each of these 
occasiozs +he subject rd-ordered  the l is t  to indicate 
how the i t e m s  had bothe,d him during the previous week. 
Although not a l l  specif ic  s i tuat ions which could be ex- 
pected to  bother personnel of the MESA study were re- 
presented on the list, the test was used to es tab l i sh  
potent ia l  s imi l a r i t i e s  with prior experiments . 

1) "how 

The i t e m s  a re  f u l l y  

3. Myers Scale A, B and C. 
check l i s t  having as lb primary aim t he  assessing of how 

%e mer8 sca le  is an a u e c t i v e  



posit ively and how negatively a person r a t e s  h i s  
mood a t  any given time. 
ident ical  to t ha t  developed f o r  use by -0 i n  
Monterey, California fo r  evaluating mood changes 
i n  s tudies  of experimental i so la t ion  and confine- 
ment. The Wyers Scale consists of 114 wrds, 62 
of which were selected to have high soc ia l  desir- 
ab i l i ty .  The remaining 52 words rate low on the 
soc ia l  des i rab i l i ty  dimension. The sca le  can be 
rapidly scored to give a posi t ive ana a negative 
mood factor.  In  the present study it was used 
to determine whether there were any gross mood 
changes throughout the  t h i r t y  day confinement as  
compared with pre-confinement baselines. Myers 
Scale A was given prc-confinement w t t h  each sub- 
j e c t  checking each word to indicate how charac- 
t e r i s t i c  it was of him: 
t h a t  mment, and 2) t r N ~ ~ l l y t l j  meaning during a 
typical  week of h i s  life. 
1) Not a t  a l l  character is t ic ,  2 )  Somewhat o r  s l i gh t ly  
character is t ic ,  o r  3) Mostly o r  generally character- 
i s t i c  of him. The numbers 1, 2 and 3 were a l so  used 
as  the score values. Myers Scale B was given on Day 
4 of the confinement experience. 
checking the  scale  fnr "Scv" aiiG c'iiormaiiy:i a t h i r d  
column was employed, 'Then". "Then" referred to the 
first f e w  days in tk~t  chamber. Myers Scale C was 
given a t  approximately one week Intervals thereaf te r  
(on Ilays 11, 17, 25, and 3).  
Wers Scale C always referred to  the previous week 
i n  the chamber. 
f o r  fur ther  information about this test. 

The t e s t  used here is 

1) "NOW", meaning a t  

H i s  answer choices were: 

In addition to  

The "Then" column of 

See t h e  MESA !Pest ?lan (D2-gob&(-3) 

4. Subjective Stress Scale (SSS). 

The SSS is a psychologically-scaled l i s t  of'words 
which have been judged t o  connote varying leve ls  of 
stressfulness. It was developed by Kerle and Bialek 
(HumRRO, Monttrey, California) a s  a man6 by which a 
person could indicate  quant i t ively how much stress he 
f e l t  a t  a given moment. It has pmven extremely use- 
ful i n  finding out  how stressed subjects are in a 
variety of experimental s i tua t ions  when other  measures 
a re  diff icul* to  obtain. In order f r o m  l e a s t  to most 
stress the l ist  is : wonderful, f ine,  comfortable, 
steady, aem't bother me, indifferent ,  timid, unsteady, 
nervous, worried, unsafe, frightened, terrible, in 
agony and scared stiff. The subject  is asked to c i r c l t  
the word o r  phrase which best describes how he feels a t  
a given moment. In the MESA experiment it was given 
seven times, alwaye w i t h  the  instruct ion to describe 
how the subject f e l t  llNowlt ( a t  t h a t  moment). 
days pr ior  t o  the  beginning of confinement It was 
given to obtain a general baseline. 
j u s t  minutes p r i o r  t o  enter ing the chamber, to assess 
entry stress. 

Several 

It was also given 

During confinement it was given 
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5 .  

on Days 2, 6, 13, 20, and 27. The calculated scale  
values associated w i t h  the  chosen words were used f o r  
analysis purposes 

Hostil i ty Scale ( H  Scale). 

The checklist  f o r  feel ings of hos t i l i t y  was developed 
by Berkun e t  a1 (HumIiRO, Monterey, California) f o r  the 
measurement of hos t i l i ty ,  anger o r  aggression. It is 
intended to a id  i n  determining the amount of h o s t i l i t y  
aroused i n  persons by cer ta in  experiences. I n  l i m i t e d  
use it has been capable of revealing greater  hos t i l i t y  
i n  subjects who have been subjected to  conditions de- 
signed to  lead to t h i s  feeling. 

The H Scale, l i k e  t h e  SSS, is a psychologically-scaled 
l i s t  of words connoting varying degrees of ( i n  t h i s  case) 
hos t i l i ty .  In use here it required the subject to c i r c l e  
the mid o r  phrase which b e s t  described how he f e l t  about 
"MESA" or "the group" a t  cer ta in  points in time (now, 
when you f irst  entered the chamber, and a t  the point when 
you f e l t  l e a s t  favorable toward it). F r o m  l e a s t  to most 
hos t i le  the rank order of the H Scale is: delighted wi th ,  
pleased with, favorable about, d idn ' t  mind, indifferent  
toward, displeased with, offended a t ,  cross with, fed up 
with, tee'd of f  a t ,  hot under t h e  co l l a r  about, burned 
up a t ,  ready to blow my t o p  a t ,  boil ing mad a t  and 
raging ulad at. 
to establish "Now" baselines. 
given weefly ( h y s  5, 12, 19 and 26). 
scale  values for  the  chosen words were employed i n  analyses. 

The H Scale was given before confinement 
Durhg confinement it was 

Again the assigned 

IV. Required Changes in the  Psychological Testing Program 

Throughout the  project,  MESA was viewed as primarFly a l i f e  support 
system checkout. As such the behavioral test program, while c o n s t i  
t u t ing  a considerable portion of the crew's work load, was gener- 
a l l y  considered to be of l o w  priority. Such an a t t i t udg  
coupled as  it was i n  two cases w i t h  an extremely negative a t t i t ude  
toward the psychological measurement program before confinement 
ever began, led to poor subject motivation. 
feelings about the ir  heavy wurk load developed in to  a s i tua t ion  
which was viewed as potent ia l ly  leading to a crew abort  of the 
experiment. In order to preserve the best possible chances f o r  
completing the t h i r t y  day system checkout, to restructure  the 
poor test-taking motivations OLD crev m&Prst and to lessen the 
apparently excessive work load, a considerable reduction in the  
psychological measurement program was undertaken on Day 6. 

Twenty-four psychological t e s t s  were included i n  the  or ig ina l  
measurement program. 
were in the area of sensory capabili t ies,  with three visual  
tests removed : color perception, d i f f e ren t i a l  brightness thres- 
hold and peripheral vision; as  well as  two auditory tests: 
absolute loudness threshold and d i f f e ren t i a l  loudness threshold. 
In  the area of performance ab i l i t y  three tests were eliminated 

On Day 5 crew 

Ttn were removed on my 6. Five of these 
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from the program: vigilance, complex information processing 
and decision making. 
sampling subjective experiences the Nowlis Adjective Check 
List and the adaptation of Osgood's Semantic Differential were 
also dropped. 
duction choices. In general, however, apparatus difficulties, 
attitudes of the subjects about specific tests, and redundancy 
of measurement built into the program ended up being the most 
important explanations for  chosing to eliminate the above ten 
tests. In addition to reducing from twenty-four to fourteen 
tests, nine of the remaining tests were given less frequently 
than originally planned. 

Finally from among the instruments 

Several factors determined the program re- 



6.4.2.3 RESULTS 

I. Sensory capabili t ies 

1. Rmria 

Figure 49 and Table 11 show the data obtained f o r  
near point l a t e r a l  phoria. 
divergence) increased in t h e  l a t t e r  pa r t  of the run, 
dropping to prerun levels a t  the post test, only a 
few days a f t e r  confinement. 
analysis of variance shored the changes over t i m e  t o  
br significant. (Table 12 , -3.06, M r 5 ,  20, 

Ihophoria ( r e l a t ive  

A treatments by subjects 

PT.05). 

Tables 13 and 14 show the data f o r  far point 
l a t e r a l  and ver t ica l  phoria. 
vtre evident and no s t a t i s t i c a l  analyses #r performed. 

No changes over time 

c 
2 . stereopsis (depth perception) 

Threshold data (75$, o r  50$ better than chance) are 
given i n  Table 15. Subject B never performed better 
than chance. Subject D w a s  t es ted  several times 
during confinement but never performed better than 
chance. He did give a measurable threshold before 
confin2ment and afterwards w i t h  the viewer set .25 
diopters closer than the +.25 diopter specified as 
standard fo r  f a r  point. 
quired the viewer a t  a nearer point to prevent 
blurring of t h e  imege. All scores obtained a t  these 
sett ings were corrected to  actual visual angles. 

Subject E consistently re- 

Two subjects, A and E, were not always given an 
adequate range of stimulus material. 
was sometimes possible to report only t ha t  they could 
perform on material of a cer ta in  size o r  not on 
material of another size (e.g., a score of <3.6 
meant t h a t  the subject performed better than threshold 
on material w i t h  a size 3.6 and t h a t  he was not tes ted  
w i t h  harder material). 
the direction of the inequality was +a d l o v  a further 
increase i n  a high score o r  a further reduction i n  a 
low one. 

As a result it 

In  a l l  cases f o r  stereopsis 

An analysis of variance w a ~  calculated f o r  the three 
subjects, A, C and E, who provided regular threshold 
data. The scores fo r  subject E were much larger so 



they were divided by f i ve  to make them more conrpar- 
able. The mean scores reported include these re- 
duced values. Inequalit ies were included i n  the  
means and analysis without regard for sign. The 
analysis indicated no s igni f icant  change6 over t i m e  
(Table 16 , FzO.69, df=5, 10, ? (-20). 

3. Acuity of Resolution 

Table 1'1 shows subjects' 75$ thresholds (674 better 
than chance) f o r  visual acuity of resolution a t  f a r  
point. 
of t h e  visual angle of the gaps i n  the  s p l i t  rings. 
Subject B normally required glasses f o r  f a r  vision 
but he did not use them i n  the chamber and he gave 
no meaningful thresholds during t h i s  period. 
D reported the viewer had moved while t e s t ing  on Dey 
30 and so h i s  data f o r  t h a t  day w e r e  los t .  Testing 
from Day 1 3  on involved a d i f fe ren t  technique than 
was used ear l ie r .  Pretesting for three of t h e  f i ve  
subjects d id  not bracket t h e i r  thresholds and so 
their  results are  reported a s  inequalities. MESA I 
data a re  reported f o r  subject D f o r  comparison pur- 
poses. Because of the  d i f f i c u l t i e s  noted above, no 
s ta t i s t i ca l  analysis of the  data was calculated. 

Data a re  i n  decimal equivalents, the inverse 

Subject 

Some l i m i t e d  generalizations may be made however. 
subjects Improved on the post test. Subject A, the 
only one for whom adequate p re t e s t  and during-test 
thresholds were obtained, showed very s tab le  perform- 
ance while confined. Subject D, who reported consider- 
able eye fat igue during the run, gave a threshold on 
Day 1 3  which was much lower than h i s  post  test and h i s  
appartnt p re t e s t  level.  He reported on Day 13 t h a t  he 
was unable to distinguish any of the test material  a t  
the f a r  point 80 he moved it -75 diopter closer. Sub- 
j e c t  E showed improvement continuously f r o m  Day 6. 

A l l  

4. Cr i t i ca l  Flicker F'requency ( C W r  

Table 18 and Figure 50 show the  C F F  fueion points 
obtained. Two analyses of variance were calculated 
f o r  these date. 
change i n  performance f r o m  Day 3 through t h e  post  
test was s igni f icant  (Fs4.59, d f r 4 ,  16, P<.05). 
The second (Table 20 ) excluded the  post  test data, 
which showed a drop i n  performance. The remaining 
consistent improvement i n  performance throughout 
the run was s igni f icant  (F=5.61, df.1.3, 12, ?<.OS). 
The pre t e s t  data excluded f r o m  the  analyses showed no 
consistent trends. 

The first (Table 19 ) shows tha t  the  



TABLE 11 

NEAR POINT LATERAL PHORIA IN DIOPTERS* 

DAY OF RUN 

- -~ 

A +5.1 -5.4 +2.0 +5.1 +6.4 -2.0 

B +15.4 +16.4) +22.0 +31.ij +34.1 +20.0 

C +4.1 +5.6 +5.1 + 5 . 1  +5.4 +3.1 

D +8.7 +10.2 +9.2 +13.8 +11.3 +9.7 

E +a.7 +7.7 +d.7 +9.7 + l o o 0  +6.2 

MEAN +8.4 +7.0 +9.4 +13.1 +13.4 +7.i 

* Exophoria ( re la t ive  divergence) i s  plus 

. TABLE 12 

ANALYSIS OF VARIANCE OF NEAR ?OINT LATERAL PHORIA 

FOR PRETEST TKROUGH lOST TEST 

SOURCE df Ms F P 

DAYS 5 38.0 3.06 < e 0 5  

SUBTM=TS 4 410.4 33.10 < 001 

DAYS x S-rnrnTS 20 12.4 

TOTAL 29 



TABLE 13 

FAR WINT LATERAL PHORIA IN DIOPTERS* 

DAY OF HUN 

B +8.0 +8.3 +loa0 +11.0 +XI00 +loa7 

C + - 5  +3.0 + l a 0  +1.0 +1* 5 0 

D +4.7 +4.7 +4.0 +3-7 +4 .O +4.0 

E -2.2 -1.0 +?e0 0 0 -2.0 

MEAN +2.4 +3.2 +3.0 +3..1 +3.4 +2.9 
<. 

*Exophoria (relat ive divergence) is plus 

TABU 14 

FAR POINT VERTICAL PHORIA IN DIOPTERS 

DAY OF RUN 

A - a 4 4  0 -  50 -a65 -a37 -035 

B -. 57 -035 -.og - a 2 6  - a 4 0  

C -043 0.37 -038 - a 4 8  0-38 -- 54 
D +.15 + a 6 0  - -60 0.32 - a  52 

E 0.34 - a 3 3  -042 -.38 - a 4 8  

MEAN -033 -019 9-45 0.34 0.46 



TABLE 15 

75% THRESHOLD FOR 
STERM)1psIS (DEFi" ?ERCEPI'ION) 

IN SECONDS OF ARC 

DAY OF HUN 

A 6.4 (3.6 4.5 (1.1 4.5 5.5 
B 

C 1.8 6.1 3.6 6-  3 7.2 7.2 4.5 

D 12.9 

( ) = Auxmmdation setting i n  diopters; fa r  point is -25 * Mean for sub jec t s  A, C and E (see text) 

TABLE 16 

ANALYSIS OF VARIANCE OF 754 STERWPSIS 
THRESHOLD FOR lRETEST THROUGH POST 
TESTS, SUBJETS A, C, E 

SOURCE df I6 F P 

DAYS 5 

Sm-ECTS 2 

DAYS x SuBTM;rTs 10 

TOTAL 17 

4.01 69 NS 

2.27 t 39 NS 

5.79 
L 
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TABLE 17 
755 THHESHOLD FOR VISUAL ACUITY 
OF RESOWTION AT FAR KlINT IN 

DECIMAL EQUIVALENTS 

DAY OF RUN 

MESA 
I 

SUBJECT PRETEST PRE 697 1 3  30 POST 

A 2.01 2.01 2.01 2.10 

B 1.90 1.98 

C -1.90 1.34 1.80 1.98 

D 1.66 < 1.70 

E 

1.25 1.69 
(i.00 j 

( ) L-. Accommodation setting in diopters; far point is .25 
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TABLE 18 

CFE' FUSION POINT IN CYCLES PER SECOND 

DAY OF HUN 

A 40.3 39.1 39.1 40.6 40. I. 40.1 

R 38.0 37.6 37.4 38.4 38.6 37.8 

c 39.4 39.8 39.9 40.9 39.2 

D 34.7 38.4 41.7 42.0 41.8 43.1 40.5 

E 38.4 35.8 39.9 40.0 39.2 39.1 30 . 9 

M W  38.1 39.7 40.0 40.4 39.3 

TABLE 19 

ANALYSIS OF VARIANCE OF C F F  FVSION POINT 
FOR DAY 3 " F W G H  POST TEST 

SOURCE df Ms F P 

DAYS 4 3-72 4.59 <.Os 

SuaTEcTS 4 7.70 9.51 < .Ol 
DAYS x SUBJECTS 16 . 61 
TOTAL 24 
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TABLE 20 

ANALYSIS OF VARIANCE OF CFF FVSION POINT 
FOR DAY 3 THRCUGH DAY 30 

SOURCE df Ms F P 

DAYS 3 5.17 5.61 (0025 

SUBTM=TS 4 6.38 7.48 <. 01 

DAYS x SUBJECTS 12 0.92 
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FIG. 49. NEAR POINT PFlORIA AS A FUNCTION OF TIME I N  CHAMBER 
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FIG. 50. CF'F F'USION POINT AS A F " I O N  OF TIME IN TIE CliAMBER 
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B. Auditory 

1. Pitch Discrimination 

A white noise source, a lso a t  approximately 60 
db, was inadvertently turned on while four of 
the subjects were being tested a f t e r  t h e  run. 
It may a l so  have been on occasionally during 
the  run. 
subjects who received t h e  noise suggested t h a t  
t h e r e  was  no decrement i n  performance a t t r i bu t -  
able to the noise. However, the uncertainty on 
t h i s  issue makes a l l  of the  p i tch  discrimination 
data questionable. 

Inspection of post test data f o r  those 

Thresholds were obtained f o r  each session by 
p lo t t ing  the percentage correct  a t  each frequency 
difference, followed by manual curve f i t t i n g .  
Table 21 shows t h e  75$ -correct ( 9 s  b e t t e r  than 
chance) thresholds obtained. 
f o r  subject B is from MESA I pre tes t  resu l t s .  

The p re t e s t  score 

There was a large increment in average perform- 
ance level on Days 27-29, as compared w i t h  e a r l i e r  
and l a t e r  scores. However, an analysis of variance 
calculaixid f o r  the l a s t  three t e s t  sessions indicated 
no s ignif icant  changes over time (Table 22 , 
Fz2.09, d f=2 ,  8, P<.20). 

2. Intell igibFLity 

Tables 23 and 24 give percent correct  scores for 
tests 1 and 2. 
f r o m  MESA I. figure 51 shows mean performance 
levels  f o r  tests 1 and 2 f o r  those days on which 
data was complete. A decrement i n  performance on 
both t e s t s  was evident f o r  Day 28. 
over t ime  were s igni f icant  f o r  both tests (Tables 
25 and 26 , ~ = 4 . 6 G  and 4.54, df=3 ,  12, 
F C.025). 
analysis show improvement by a l l  subjects. 

The p re t e s t  data f o r  subject D is 

Differences 

The pre t e s t  data excluded from the  

The changes noted above on test 2 were par t i a l ly  
the r e s u l t  of subjects not writ ing a s  rapidly a s  
the material  was presented. The t e s t  was qui te  
d i f f i c u l t  in t h i s  respect  and several  subjects 
skipped portions of the  material, especial ly  on 
Day 28. !hble 27 shows the number of words 
actual ly  recorded incorrect ly  by each subject, 
including the proportion of words t h a t  were esti- 
mated to have been skipped because they were not 
heard adequately. 
there was no suggestion of any decrement i n  per- 
formance on test 2 for Day 28. 

On the  basis of these scores 



:;ubjccts. experienced some diff icu1t.y with scoring 
procedures f'or test 3. As w i t h  test 2, words 
were sometimes skipped. 
of correct responses are  shown in Table 28 . 
No s t a t i s t i c a l  analysis was considered j u s t i f i e d .  

The a c t u a l  percentage 



75 8 THRESHOLD FOR ?I'E€i DISCRIMINATION 
IN CYCLES ?EX4 SECOND 

DAY OF RUN 

SUBJECT ?RE 3 16 ut29 POST 
~ _ _ _ _ ~  ~ ~ ~ 

A 4.0 1.6 2.9 2.6 1.6 

B 5.4 3.6 3.0 2.0 6.3 

C 3.8 1.6 1.9 2.0 

D 5 . 2 ~  5.0 4.8 4.0 5.6 

E 4.4 4.2 1.2 4.0 

-A I ?RETEST DATA 

TABLE 22 

ARALYSIS OF VARIANCE OF 7516 THRESHOLD 

FOR ?ITCH DISCRIMINATfON PDR 
DAX 16 THRUJGH KIST "ZST 

di M8 F ? 

DAIS 2 

~ T S  4 

DAY8 x 0 

3.10 2.09 <*m 
4.08 2.76 < 0 2 0  

1.48 

TOTAL 14 



TABLE 23 

PERC ZNT CORRfCT FnR TNTEI~LTCIBTLITY "FIST 1. 

DAY OF RIJN 

A 44 52 62 68 36 62 

B 54 gc3 72 70 56 60 

c 74 72 56 74 

D 52* 5i3* 64 48 3r 66 

E 50 40 60 56 56 64 

MEAN 66 62 52 66 
~ - 

*MESA I Scores 

TABLE 24 

PERCENT CORRECT FOR INTEUIGIBILITY TEST 2 

DAY OF RUN 

SUBJECT 3,5 18,1923 28 POST 

A 79 80 45 80 

B 90 95 78 88 

C 05 94 84 84 

D 65 52 36 83 

E 137 80 64 69 

MEAN 81 80 61 81 



ANALY!;IS OF VARIANCE OF PERCENT CORRECT M)H 
TNTELLIGIBILITY TEST 1 FOR 

DAY 3 THROUGH POST TEST 

SOURCE dt' Ms P P 

DAYS 3 229.2 4.66 c.025 

SUBJECTS 4 104.0 2.13. c.20 

DAYS x SUF!JTX!TS 12 49.2 

TOTAL 19 

TABLE 26 

ANALYSIS OF VARIANCE OF PERCENT CORRECT FOR 
INTELLIGIBILITY TEST 2 FOR 

DAY 3 " R O U G H  POST TEST 

SOURCE df Ms F P 

DAYS 3 468 4.54 <.025 

SUBJETS 4 5@ 5.52 <.01 

DAYS x SUBJECTS 13 103 

TOTAL 19 



TABLE 27 

PERCENTAGE I N C O R R E T  AND SKIPPED OR INCORRECT FOR 
INTELLIGIBILITY TEST 2 

DAY OF RUN 

A 10 9 1 5  13 

B 10 5 10 10 

C 12 6 13 14 

D 7 12 1-3 14 

E 13 18 11 17 

MEAN 10 10 12 14 

TABLE 28 

PERCENT CORREZT W R  IPlTELLIGIBILPTY TEST 3 

DAY OF RUN 

SUBJECT 3r5 18,199 23 28 POST 

A 92 42 71 

B 12 88 66 83 

C 71 79 46 75 

D 5a 58 75 71 

E 42 54 71 

mAN 72 57 74 
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0 11. Performonce Abilities - 
A. Tracking 

Subjects occasionally l o s t  control of  t h e  t a rge t  
wh i l e  tracking, even when h igh ly  practiced. On 
some occasions, this was known to have been 
caused by interruptions by other personnel. In 
most cases records were inadequate to  determine 
the cause of the loss. To prevent undue d is tmt ion  
of the results, a l l  t r i a l s  during which the  t a rge t  
was lost were excluded f r o m  the analyses. 

Integrated error scores f o r  the vertical. and hori- 
zontal axes were recorded separately. 
p w s e s  these scores w e r e  weighted appropriately 
to correct f o r  average differences in  level  and 
were combined into a single score. 

For ana3.ysj.s 

Comparison of integrated error scores on tracking 
alone and tracking before monitoring revealed no 
apparent differences i n  average level  o r  trend so 
these scores were combined into a single score f o r  
each subject f o r  each time period. 
scores f o r  tracking without monitoring a r e  shown i n  
Figure Yand in Table 29 . Tables 33 ana 31 show 
the  analyses of variance calculated f o r  these data. 
Time in the  chamber was signif icant  both w i t h  
(F-:8.53, d f = 4 ,  16, P<.Ol) and without (F - 4.18, 
d f = 3 ,  12, P c . 0 5 )  days 2-6 included i n  the analysis, 
with the change i n  the  direction of improvement over 
time. Pretest scores were not included in the  
analyses because of incomplete data. 
Table 29 shows no consistent change f r o m  preconfine- 
ment to confinement. 

Integrated error 

Inspection of 

Integrated e r ror  score6 f o r  tracking with monitoring 
are shown in Figure 5 2  and Table 32 Inspection 
of F'igure 52 and the data in Table 32, including t h a t  
excluded f r o m  s t a t i s t i c a l  analysis because of empty 
ce l l s ,  indicates a general tendency f o r  improvement 
over time. However, t h e  analysis of variance f o r  
t.hese data only approaches s t a t i s t i c a l  significance (Table 33 , 
Fz2.92, d f = 3 ,  12, Pc .10) .  

B. Monitoring 

A t  several  points during the run the  monitoring task 
malfunctioned and caused the stimulus to  remain on 
a f t e r  thesubject had responded. The score used f o r  
each of these t r i a l s  was the  interval of time f r o m  
the onset of the stirmrlus until a response was made. 
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Comparison of the f e w  scores made under these 
conditions w i t h  other scores made during t h e  
same test session y ie lded  no detectable differences 
so they were included in  the analysis. 

Response Latencies on the warning l i g h t  task are  
shown i n  Figure 53 . Table 34 shorn response 
latencies fo r  each subJect and time period. Most 
of t h e  c e l l s  f r o m  days 2 through 29 represent two 
days of testing. 
of variance calculated f o r  tnese data. The f i r s t  
analysis indicated s igni f icant  Fmprovernent over time 
(P<.O25). 
6 and showed no s igni f icant  changes over time. 

Response la tenc ies  f o r  t h e  meter portion of t n e  moni- 
tor ing task a r e  shown in Table 3'7 . 
average la tencies  appears to show large changes over 
t i m e ,  with t h e  best performance a t  days 9 t o  1 4  and 
again a f t e r  t h e  run. However, there was no s ign i f i -  
cant change in  performance over time (Tabl.Lt 38 , 
Fs l .74 ,  df =4, 16, P <.20). 
dual scores in Table 37 shows large individual 
differences i n  performance trends, With subject  D 
worst on days 9-14 and mst of the  loss on days L'l 
to & contributed by R. 

Tables 35and 36 sfiow t h e  analyses 

The second analysis excluded days 2 t o  

Comyrison of 

Comparison of indivi-  

Table 39snows the  average number of response errors 
per session f o r  the  monitoring task. 
ment over time was signif icant  (Table 40 , F = 3.71, 

'he improve- 

df -4, 16, P <.05). 

C. Time Estimation 

Error ra t io s  (judgement minus standard divided by 
standard) f o r  the estimates made by each subject  
for each of the  three in te rva ls  are  shown in Tables 
41 
the  values a f t e r  day 6 represents the mean of the four 
estimates f o r  those days. 

, 42, and 43. W i t h  a few exceptions each of 

O f  the  three sets of time estimation data, t h a t  f o r  
the 60 second in te rva l  showed the most consis tent  
tendency over time. An analysis of variance calcu- 
la ted  f o r  these data (Table 44 ) showed no signifi- 
cant changes a s  a function of period of confinement 
(Fz2.10, df=5,15, P<.20). 
s e t s  of data showed even less consistent trends, no 
analyses of them were made. 

Since the  other  two 
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TABLE 29 

AVERAGE INTEGRATE3 ERROR FOR TRACKING WITHOW 

MONITORING 

DAY OF RUN 

SUBJXCT PRE 2-6 9-14 l7’-22 24-29 FQST 

A ‘ I  4 114 72 41 41 41 

B 165 it36 89 68 (3 5 47 

C 86 44 26 32 21 

D 74 84 a 23 18 22 

E 86 36 32 24 35 48 

MEAN 101 61 36 42 36 



ANALYSIS OF VARIANCE OF INTERATED EKROH FOR 
TRACKING WITHOUT MONITORING FOR 

DAY 2 THROUGH POST TEST 

SOURCE df Ms F P 

DAYS 4 3810 8.53 <.01 

SUBJECTS 4 a55 6.62 < 001 
DAYS x SUBJECTS 16 446 

mAL 24 

TABLE 31 

ANALYSIS OF VARIANCE OF INTEGRATED ERROR FOR 
TRACKING WITHOUT MONITORING FOR 

DAY 9 THROUGH POST TEST 

SOURCE df Ms F P 

DAYS 3 69 5 4.18 < 005 
SUBJECTS 4 1208 7.26 c.01 

I#ysxsuBJEcIs 12 166 
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TABLE: 32 

INTGRATED ERROR MIR TRACKING WITH MONTMRINC, 

DAY OF RUN 

SUBJECT PRE 2-6 9-14 17-22 24-29 POST 

A 147 93 82 63 do 

B 181 29-3 133 118 89 71 

C 118 70 4t! 58 56 

D 170 104 96 73 74 42 

E 99 117 45 42 56 52 

MEAN 87 73 68 60 

TABm 33 

ANALYSIS OF VARIANCE OF INTM;RATED ERROR FOR 
TRACKING WITH MONIMRING FOR DAY 9 

"ROUGH FOST TEST 

SOURCE df MS F P 
- 

DAYS 3 655 2.92 <.lo 

SUBJXCTS 4 3.739 7.76 <.01 

DAYS x SUBJECTS 12 224 

TOTAL 19 
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TABLE 34 

AVERAGE RESXINSE JN"J'3uCY FVR WARNINC LTCHT 

MON TTOR ING 

A 3..'(2 3-50 2 0 '70 3.10 2. 31 2.31 

R 2.31 3.74 2.64 3.Ob 2.13 1.4 

c 3.45 2.oh 1.qz 2.m 1.77 

D 1.m 1. (36 1-89 l e &  1-78 1.47 

E 1 e 07 3-17 2.36 2.77 2 0 90 3.14 

MEAN 2.94 2.34 2.34 2.24 2.10 

TABLE 35 

ANALYSIS OF VARIANCE: OF RESIVNSE LATENCY FOR 

WARNING LIGHT MONTTORING FOR 
DAY 2 THROUGH POST TEST 

SOURCE a f  Ms F P 

DAYS 4 52 3.89 < -025 
SIJBJXTS 4 1.10 6.24 < -01 
DAYS x SUBJEXTS 16 13 

ma 24 



TABLE 36 

ANALYSTS OF VARIANCE OF RFS#)NSE LATFNCY FOR 
WARNING LIGHT MONITORING X l R  

DAY t ?  T"OUC,H POST TEST 

SOIJRRC E df Ms F P 

DAYS 3 

X ! T S  4 

DAYS x SUBJECTS 12 

TOTAL 19 

.062 0 6 8  14. s. 

0754 a. 30 < .01 
.ogl 

TABLE 37 

AVERAGE RESPONSE LATFXCY ?DR METER MONITORING 

DAY OF BUN 

SIJBJET PRE 2-6 9-14 17-22 24-29 POST 

A 7.6 6.9 6.2 7.4 7.1 8.3 

B 9.2 7.3 6.1 9.3 1.0.6 5.8 

c 7.4 5.5 5.6 6.2 3.9 

D 5.7 5.0 8.0 6.0 6.4 3.6 

E 5.6 9*2 7.0 6.8 7.0 6.2 

MEAN 7.56 6.55 7.04 7.48 5.56 



TABLE 38 

ANALYSIS OF VARIANCE OF RESPQNSE LATLWCY FOR 
Mhm MONITORING 

DAY 2 THROUGH POST TEST 

SOURC F: df Ms F P 

DAYS 4 3.4u 1 . 74 < -20 

su&TF!Ts 4 5-04 2- 57 < *lo 
DAYS x SUBJECTS 16 1.96 

TOTAL 24 

TABLE 39 

AVERAGE NUMBER OF MONITORING RESFONSE ERRORS 
PER SESSION 

SUBJECT ?RE 2-6 9-14 17-22 24-25) POST 

A 1 1 0 1 * 5  .5 1 

B 0 2 3 -5 - 5  0 

C 4.5 4 1.5 -5 1 

D 2 1.25 0 0 1 0 

E 5.5 2 4.5 2.5 1 1 

MEAN 2.15 2.30 1-50 70 0 6 0  



TABLE 40 

ANALYSIS OF VARIANCE OF AVERAGE NUMBE3 OF MONITORING 
RERINSE ERRORS IER SESSION FOR 

DAY 2 THR(WGR POST TEST 

SOURCE df Ms F P 

DAYS 4 3.78 3.71 (-05 

SIJBJECTS 4 3.97 3.90 < ,025 
DAYS x SUBJECTS 16 1-02 

TOTAL 24 

TABLE 41 

ERROR RATIOS FOR 15 SECOND TIME ESTIMATION 

DAY OF RUN 

~~ 

SUBJECT HIE 2-6 11-itj 19-23 26- 3 1  POST 

A 

B 

c 

D 

E 

MEAN 

-.17 -,06 + -08 +.14 +.34 

-.m +.16 +.44 -.18 +.42 

+,gh +.40 +.% 0 + .24 

+.22 -.06 +.01 - e 0 2  

+ e 2 5  +.30 + e o 8  + .02 

+.20 + .26 +.01 + .20 



DAY OF RUN 
~ 

SUBJKT PRE 2-6 1.1-16 19-23 26 - :.31 POST 
- 

A - -42 -042 - 0 4 4  - 028 4 4  -033 

B - .2j -021 - 0 1 7  + .I1 +.36 +. 30 

C +.47 0 +. 34 +.(I9 -010 

D -.54 + 000 - .02 -t .u4 +. 13 -.ob 

E 0.22 -.& t .32 +e07 -.w -001 

MEAN - 004 0.07 +.07 + .03 - .oo 

TABU 43 

ERROR RATIOS FOR 5 MINUTE TIME ESTIMATION 

DAY OF RUN 

SUBJlET 2-6 11-lb 19-23 26-31 rQST 

A + e 2 9  +.22 +.44 + -74 + -71 

B +.22 - .02 + r  38 + 441 + -40 

c +.17 +.40 +.34 +.u2 + e 5 4  

D -006 +.43 +.04 +.lo +e07 

E -.22 +eo1 -.06 +.20 + e 1 2  

MEAN +.08 + .21 +.23 +.37 +.37 



TABLE 44 

ANALYSIS OF VARIANCE OF ERROR RATIOS FOR 60 SECOND 

ESTIMATION E'DR PRETEST THROUGH POST TEST 
EXCLUDING SUBJECT C 

SOURCE df Ms F P 

DAYS 5 737 2.10 < 020 

SUBJECTS 3 2068 5.m c 001 
DAYS x SUBJECTS 15 352 

TOTAL 



Without Monitoring 

’- 2!6 9-14 13-22 24129 Post 
C o n f i n e m e n t  

Day of Run 

FIG. 52. -WED TRACIc[NG ERROR As A FUNCTION OF TIM3 IN “E 

Day Significant (P L .025) 

I Da;v of Run 

FIG. 53. RE8poNsE LA!CENCY ON THE WAFWING LIGRl! TASK 
AS A FlMCTION OF TIME2 TI! THE C”U3 



111. Rsychological Scaling of Experiences 

Five "paper and pencil" t e s t s  were employed to obtain data on 
sub j ec t s  ' moods, feelings, stress, and general experiences 
throughout the project. 
spective, data gathered to t r y  to measure what it was l ike  to 
be confined f o r  a thirty day period in the MESA chamber. 

These were subjective, usually rem- 

A. Inventory 1-A, 1-B and 1-C, 

Zhe thirty factors of the confinement inventory were checked 
to see whether s ign i f icant  sh i f t s  occurred in the way in 
which the t e s t  crew marked the items comprising each f ac to r  
during the  run (Day 28) a6 compared w i t h  the pre-confinement 
baseline. 
worthy of note. 

In only five of the factors were there changes 

A sizeable increase in "group annoyance" occurred during the 
run, apparently increasing w i t h  t i m e  ( t  = 6.00, df 5 4, P <.Olh 
On Day 28 all flve mcmbers of the crew indicated t h a t  the  
group annoyance i t e m s  applied to t h e m  more than had been 
t h e  case during the pre-confinement t ra in ing  period. 
of such items are: 
chardber @mup did bothered me.", "One o r  more members of the 
chamber group got on my nerves.", "The other members of the 
chamber group generally annoyed me.", and "I got upset when 
I thought about how some of the chamber group members acted." 

Exam@es 
"Little things which members of the 

The more general factors of "well being" and "positive f e w "  
were reduced during the confinement experience (t  = 2.99, 
df=4,  P .< .O5 and t - 2.70, df= 4, P <.06 respectively). 
subjects generally f e l t  less happy, comfortable and satisfied 
during the confinement. Ekamples of such items are:  "I fe l t  
the wrld was a p re t ty  nice place to be in.", "I found some- 
thing entertaining to do.", and "I f e l t  unusually happy." 

The 

The "time tedium" factor significantly increased (t =3.2l, 
d f r  4, P (-05) indicating that slow passage of time vas an 
annoyance. Examples of "time tedium" i t e m s  are: "Time 
seemed to pass very slowly." and "Time seemed to stand still." 

Another factor which might be labeled "a t t i tude  toward the 
psychological experimenters" cannot be shown to have changed 
significantly for the  en t i re  crew due to highly negative 
a t t i tudes  f o r  t w o  of the five prior +G +*.e F z e  

sizeable negative s h i f t  occurred f o r  the remaining three 
during the run. 
experimenters were wasting the i r  time." and "I disliked 
thinking about the  tes ts  the psychological. monitor gave me.", 
are examples. 

FbweverpI a 

Such i t e m s  as "I thought the psychological 

h . o m  a confinement point of view it would be notemrthy to 
point out factors which showed no changes f r o m  baseline to 



during-confinement. h tne general area of' inteLI.ect;uaL 
efficiency 110 decrements were observed i n  such fac tors  as 
"speecn difficulty", "rerainiscence and memory", and "in- 
efficiencies of thought. '' Similarly, triere d id  not appear 
to be any strange o r  unusual experiences connected w i t h  
confinemnt, as  evidenced by no changes in sucn fac tors  as: 
"reported visual and auditory sensations", "dreams 'I, 
"novelty and surprise", "reality", "worry and frignt", and 
"b03y image." Mher areas silowing no change were: "sex",  
"religion", "lonesomeness 'I, 
"general, anger and hos t f l i i ty" ,  and "physical symptoms". 

fidgeting" , "restlessness 'I, 

B. Modified NRL Scales I and 11. 

The mean ranks assigned to each of t h e  21 items on t n e  NRL 
scale i n  terms of "how much" and "how often" each bothered 
the MESA crew members throughout t h e  experiment a re  shown 
in  Tables45 m d  46 
creasing annoyance during the confinement period. Taking 
the en t i r e  thirty day confinement in to  account t h e  things 
which bothered the crew the  "MDst" were (h rank order):  
food, behavior of others, noise, toilet  f a c i l i t i e s ,  
crowding of the chamber, worries about the outside and 
boredom. Note that on Day 30 these same seven items were 
a t  the top of the list but behavior of others, clovding 
of the chamber, worries about the outside and boredom had 
a l l  increased in t h e i r  annoyance r e l a t ive  to  the other 
items. Examinetion of the same list of 21 i t e m s  in terms 
of "How Often" they bothered the crew revealed generally 
the same items i n  t h e  upper third.  
which most often bothered the crew throughout t h e  full 30 
days were: food, noise, toilet f a c i l i t i e s ,  behavior of 
others, crowding of t h e  chamber, boredom and lack of 
privacy. 
the head of t h e  list.  

Items are  arranged in order of in- 

In  rank order the items 

By Day 30, behavior of others and boredom were a t  

Overall it appears t h a t  certain test conditions (food, noise 
level, t o i l e t  f a c i l i t i e s ,  etc. personal interactions (both 
within the crew and between the crew and outside personnel) 
and boredom were  frequent and often pronounced annoyances 
fo.? the test subjects. 

C. htp~s  Scale A, B and C. 

The 114 adjectives in this check list were scored to indicate 
to what  extent subjects checked "positive" and "negative" 
words a s  applying to them. 
to refer tothree different times: 
the t e s t  (Now), 
3) bring a typical o r  normel week of their l i v e s  (Normally). 
The results throughout the conf'inement f o r  the"p0sitive" fac tor  
to r e f l e c t  mood' "Now" are presented i n  Figure 54. A treatments 
by sub.lects analysis of variance of these data (summarized in 
Table 47) revealed a s ign i f icant  decline throughout the run i n  

Subjects f i l l e d  out  the check l is t  
1) A t  the  point of taking 

2) bring the week j u s t  pesaed (?hen), and 



t h e  checking of positive words (F-4.05, U = 4 ,  16, 
P<.O25). 
the  run to check such words a6 overjoyed, content, sociable, 
enthusiastic, and calm a6 being highly applicable to their 
mood. No change was observed over time f o r  the  "negative" 
factor under the llrJowl' condition. 
data is sunrmarized i n  !Cable 48 . 

!Bat is, subjects were less l ikely l a t e r  in 

The analysis of these 

The category "Then" was used only during the confinement 
period. Referring to  the ent i re  preceding week,it was a 
more gross statement of retrospective mod. 
of the "positive" factor (Summarized in  Table 49) revealed 
that  the apparent decline i n  positive mood over time feiled 
to reach s t a t i s t i c a l  significance with this small number of 
subjects (F= 3.12, d f =  3, 12, P<.lO). This result is de- 
picted in Figure 55. The "negative" factor fo r  the "Then" 
administration of the adjective check list again showed no 
changes over tbne (See Tablepf'or the analysis of variance 
of these data2. 

The analysis 

Another form of baseline measure was provided by asking 
subjects to check the wrds in the list to indicate how 
they would "Normally" apply during a typical week of the i r  
lives. 
significantly dropped throughout the run (F= 3-78, 
df = 4, 16, P < .O25 and F =  3.34, d f = b ,  16, P < .O5 
respectively). These results are graphically presented in 
Mgures 56 and 57 and summaries of the analyses of variance 
are given in Tables 5 1  and 52 . 

Both the  "positive" and the "negative" factors 

D. The Subjective Stress Scale (SSS). 

'Ihe SSS values for  the f ive subjects were analyzed to 
determine whether there were differences in  psychological 
stress throughout the confinement a8 compared Vith baseline 
measures. 
revealed no significant changes in s t ress  among the various 
time points sampled (F=1.59, ~ = 6 ,  24, P 4  .20). 
variabil i ty of the responses of the f e w  respondents con- 
tributed heavily to t h i s  finding but it is worth noting tha t  
the  amount of stress implied by even the most deviant points 
on the scale selected (Unsteady and Nervous) would not be 
viewed as particularly large. 

The Hostility Scale ( H  Scale). 
collect  information about potential changes i n  hos t i l i ty  
feelings directed toward the other member8 of the chamber 
crew and toward the MESA project, in general. I n  the case 
of how subjects f e l t  "about the group a t  the point when-- 
(they) -- f e l t  the l eas t  favorably toward it." there was a 
highly significant decline,primerily from pre to during 
confinement (F=63.71, df= 3, 12, ? 4 .01). These data 
are shown in Mguregand the analysis of variance is 
summarized in Table 54. The negative feelings toward the 
group were highest a t  the point of the l a s t  administration 
on Day 26 when four of the f ive  crew members selected 
answers ranging f r o m  "Displeased with" to "Fed up wi th" .  

An analysis of variance (summarized in Table 53 ) 

High 

E. The H Scale was used to 
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No other administrations of the H Scale revealed any 
changes over t i m e ,  but a t  some points in t h e  confine- 
ment four of the five subjects indicated displeasure 
with " W A "  when asked to check the sca le  to reflect 
how they fe l t  a t  the time of their worst experience 
while in the chamber. 
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Mean Ranks Assigned to the Items on the Modified NHL Scale tC, Indicate 
"How Much" They Rothered the Test Crew 

DAY OF RUN 

Rank Scale Item pre 9 16 23 3<r 

1 
2 
3 
4 
5 
b 
7 
6 
9 

10 
11 
12 
13 
1 4  

Food 
Behavior of others 
Noise 
Toilet f a c i l i t i e s  
C r o w d i n g  of the chamber 
Worries about the outside 
Boredom 
Lack of water f o r  washing 
Trouble sleeping 
Dirt 
Lack of privacy 
Bunks 
Physical symptoms 
Not able to concentrate 
Smells 
Lack of exercise 
Lack of organization 
%or leadership 
Temperature and humidity 
Lights while sleeping 
L i g h t s  while awake 

6.8 
6.6 
4.8 
7.0 

10.8 
13.6 
10.0 
6.0 

13.4 
12.2 
9.2 

16.6 
14.6 
io. 8 
11.0 
12.6 
11.2 
9.8 

10.8 
15.6 
18.6 

1.2 
9.0 
6.5 
5.2 
9.2 
12.0 
15.0 
10.2 

0.5 
13.2 

9.0 
16.8 
11.2 
10.8 

12.2 
11.8 
14.0 

12.5 

15.0 

11.5 
17.8 

8.2 
5.6 
4.13 
7.2 

11.0 
10.2 
9.4 

11.6 
9.4 

11.0 
l0.d 
13.6 
9.6 
8.0 
10.0 
15.4 
13.8 
13.4 
14.4 
16.0 
17.6 

5.4 
6.2 
8.8 
10.0 
6.0 
8.2 
7.2 
9.0 
13.0 
11.0 
10.d 
10.6 
9.4 
13.8 
15.6 
u.2 
13.0 
13.6 
15.4 
14.8 
17.8 

6.6 
5.2 
7.6 
6.6 
7.2 
6.8 
7.2 
9.2 
11.4 
10.6 
11.8 
13.6 
11.6 
14.8 
12.2 
10.4 
13.0 
14.0 
15.6 
17.2 
15.0 
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TABLE 46 

Mean Ranks Assiwed to the Items on the Modified NRL Scale to Indicate 
"How Often" They Bothered the !kst Crew 

DAY OF RUN 

Rank Scale I t e m  R e  9 16 23 30 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Food 
Noise 
mi le t  f a c i l i t i e s  
Behavior of others 
Crowding of the chamber 
Boredom 
Lack of privacy 
D i r t  
Lack of water f o r  washing 
Worries about the outside 
rnuble sleeping 
smells 
Leck of exercise 
Bunks 
Not able to concentrate 
Physical symptoms 
Leck of organization 
Poor leadership 
Lights while sleeping 
Temperature and humidity 
Lights w h i l e  awake 

5.8 
3.8 
6.2 
9.8 
9.0 
8.8 

11.6 
9.0 
14.4 
14.8 
14.0 
8.6 
15.2 
12.8 
17.2 
11.6 
13.6 
13.8 
9.8 
16.0 

7.2 

1.2 
3.2 
6.0 
9.5 
12.0 
12.0 
9.5 
12.5 
7.5 

12.e 
9.8 
7.8 
7.5 
11.0 
13.8 
14.2 

14.5 
14.5 
18.0 

12.5 

18.5 

7.4 
6.8 
7-6 
6.6 
7.0 
10.6 
8.2 
13.0 
12.4 
9.2 
13.8 
9.0 
11.6 
11.4 
9.2 
12.b 
15.0 
13.2 
15.0 
14.0 
17.4 

4.0 
6.2 
5.2 
8.0 
7.6 
9.2 
12.0 
7.2 
9.4 

9.6 
15.2 
13.6 
ll. 4 
12.4 
9.6 
14.6 
14.0 
16.2 
16.6 
16.2 

11.4 

7.0 
6.8 
6.6 
5.8 
9.2 
6.2 
8.6 
8.0 
12.8 
9.0 
9.4 
11.4 
12.2 
13.8 
13.0 
13.6 
13.0 
14.6 
15.0 

13.4 
15.8 
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TABLE 47 

ANALYSIS OF VARIANCE OF THE: MYERS SCALE "POSITIVE" MOOD 
FACTOR FOR THE "NOW" ADMINISTRATION AS A FUNCTION 

OF TIME IN THE CHAMBER 

SOURCE df JYS F P 

DAYS 4 5lb- 3 4.05 < eo25 

slJBJEcTs 4 464.3 3.64 < -05 

DAYS x SUaTEcTS 16 127.4 

mAL 24 

48 

ANALYSIS OF VARIANCE OF THE MYERS SCALE "NEGATIVE" MOOD 
FACTOR FOR TIIE "NOW" ADMINISTRATION AS A FUNCTION 

OF TLME IN TKE CHAMBER 

SOURCE df Ms F P 

DAYS 4 24.8 1-16 5 . 2 0  

4 42.8 2.00 6 2 0  SUBJXCTS 

DAYS x SUaTEcTS 16 21.4 

TOTAL 24 



TABIA 49 

ANALYSIS OF VARIANCE OF THE MYERS SCALE "POSITIVE" MOOD 
FACTOR FOR THE "T"" ADMINISTRATION AS A IWNCTION 

OF TIM3 IN THE CHAMBER 

SOURCE df' Ms F P 

DAYS 3 234.3 3.12 < 010 
SUBJETS 4 b67.0 O.d;9 < .01 
DAYS x SUBJECTS 12 75.0 

'IWTAC 19 

TABLE 50 

ANALYSIS OF VARIANCE: OF THE MYERS SCAzlE "NEGATIVE" MOOD 

FACTOR FOR THE "THEN" ADMINISTRATION AS A FUNCTION 
OF TIME IN THE CHAMBER 

SOURCE d f  Ms F P 

DAYS 3 d.0 0.62 > .20 
SUBJECTS 4 89.0 b.35 < 001 
DAYS x SUBJECTS 12 13.0 

TOTAL 19 
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ANALYSIS OF VARIANCE OF THE MYERS SCALE "#)SITIVE" MOOD 
FACTOR m R  !I!HI3 "NORMALtY" ADMINISTRATION AS A 

ETJKTION OF TME IN TBE CHAMBER 

SOU,RCE df Ms F P 

DAYS 

SUBJECTS 

4 

4 

111.0 3.78 < 0025 

551 . 8 18.77 < .01 
DAYS x SUBJECTS 16 29.4 

TOTAL 24 

TABLE 52 

ANALYSIS OF VARIANCE OF THE MYERS SCALE "NEGATIVE" MOOD 
FACTOR FOR THE "NORMALLYtt ADMINISTRATION AS A 

FIMC!PION OF TIME IN THE CHAMBE3 

SOURCE df Ms F P 

DAYS 4 15.20 3.34 4 005 

suBJM;'Ts 4 67.10 14.75 < 001 
DAYS x SUBJECPS 16 4.55 



ANALYSIS OF VARIANCE OF THE S.JBJl%”TvE STRESS ScAIa 
RESPONSES AS A FVNCTION OF TIME IN THE CHAMRE3 

SOURCE di‘ MS F P 

DAYS b 569 3 1.59 c o x )  

SUMECTS 4 48.5 0.14 > 0 2 0  

DAYS x SUBJECTS 24 359.0 

TOTAL 34 

TABLE 54 

ANALYSIS OF VARIANCE OF mE HOSTILITY SCALE RESPONSES 
REFLECTING FEELINGS TOWARD THE GROUP AT THE LEAST 

FAVORABLE TIME AS A FUNCTION OF TIME IN THE 
CHAMBER 

SOURCE af Ms F P 

DAYS 3 509.7 63 71 4 001 

SUBJEXTS 4 97.8 7 3 . b  4 .01 

DAYS x SUBJECTS 12 8.0 

mAL 19 
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DI_sUSSION .MD RECOMMENDATIONS 

Although some valuable information was obtained during 
the t h i r t y  day MESA confinement, extremely poor motiva- 
t ion  of the test crew to par t ic ipa te  in t h e  psycnologicaJ 
assessment program resul ted in questionable data on 
several of the measures. 
t i on  several aspects of the crew's behavior and experiences 
bear discussion to the extent that  they shed l i g h t  upon 
future t e s t s  similar to MESA, and upon human factors aspects 
of future long-term space missions. 

In sp i t e  of t h i s  serious limita- 

I. Crew Motivation 

The att i tudes,  feelings and "sets" adopted by persons 
participating in psychological. studies a re  of c r i t i c a l  
importance i n  determining experimental results. Con- 
siderable care must be employed to establish sets and 
motivations which are appropriate to the  si tuation. 
In  the MESA program, which was always referred t0 
primarily as a hardware systems check-out, the manipu- 
l a t ion  of the motivations of the test crew to cooperate 
AiLly in behavioral testing was not satisfactory.  
reasons appear to have contributed to  this.  

me or ig ina l  psycnological test program represented a 
large work load. 
amounts of expected "free" t i m e .  As the MESA program 
developed, however, l i f e  support systems monitoring 
and maintenance a c t i v i t i e s  were extensive 
much of th i s  time. The workbad imposed by the be- 
havioral tests thus was out of l i n e  w i t h  other require- 
ments, and with the a t t i tudes  of both test personnel and 
test subjects. Because the behavioral test program was 
viewed by the subjects as being of secondary importance, 
and since reductions i n  the number of tests and i n  the 
psychological mni tor ing  schedule were not permitted 
pr ior  to the beginning of the confinement period, the 
annoyance toward the program was par t ly  justif ied.  

Several 

It was par t ly  designed to f i l l  l a rge  

to f i l l  

Another important consideration was t h a t  some of the 
subjects possessed negative a t t i tudes  toward the  
psychological test program p r io r  to the beginning of 
confinement. 
crew members ear ly  i n  the run and ultimetely led to 
overt cri t icism of the psychological tests. 
nouncements about the  tests by cer ta in  crew members, 
who claimed expertise in psychological testing, also 
took their  toll on other crew members as w e l l  as out- 
side test personnel. 
S t a t e  which produced a t  l e a s t  some unreliable and invalid 
psychological test data. 

These a t t i tudes  spread rapidly to other 

The pm- 

The result was a crew motivation 



Tb tne extent t h a t  such negative a t t i t udes  may also,  
in fact ,  have led to a reduction in the usefulness 
of some data f r o m  other parts of  the  MESA program, 
crew matters c lear ly  need to be  better handled i n  
future tests. 
the importance of each aspect of the program and must 
be sympathetic w i t n  the requirement t o  eudure tne 
various hardships. If crew members were selected 
because of their high motivations to make a l l  aspects 
of such a future program a success, one could expect 
a qu i te  d i f fe ren t  picture than t n a t  obtained here. 
For instance, the crit icisms registered against  me 
food, toilet f a c i l i t i e s ,  noise, medical and psycholog- 
i c a l  evaluations, the required nospital stay, oehavior 
of outside personnel, and poor design of various pieces 
of equipment, m i g h t  a l l  have been minimized by having 
an appropriately motivated crew. 

The t e s t  crew must c lear ly  understand 

In  addition to obtaining a nighly and appropriately 
motivated crew f o r  future tests s imilar  to MESA, 
greater  eff'orts need to be expended i n  crew indoctri-  
nation and training. A considerably longer period of 
time for crew members to  become conversant w i t h  and 
involved in the many facets of the  test program and a 
greater  attempt to Fmpert an understanding of the 
background and goals of such a program would appear to  
be a m i n i m u m  requirement. 

11. MESA I1 Behavioral Effects 

Overall the crew handled tile confinement well. No 
serious ef fec ts  on performance we-x observed through-  
out  the thirty day confinement period. This finding 
is consistent w i t h  much of the current l i t e r a t u r e  on 
individual and group confinment showing t h a t  men is 
capable of adapting reasonably well to a wide var ie ty  
of confined and/or isolated environments (see 
The Being  Company, for  a snmmary of confinement studies).  

In considering the results of the  MESA behavioral assess- 
ment program a number of reservations m u s t  be kept in 
mind. There was no control gmup whose performance 
could be compared with t ha t  of the crew. 
to confinement provided fami l ia r i ty  w i t h  most of t h e  
tests, but, because of time limitations,  was not 
suf f ic ien t  to establ ish a practiced baae lhe  on any of 
the performance tasks. Motivation to w r k  on the  tasks 
was generally low and cer ta inly had a considerable e f f e c t  
towards reducing performance, especial ly  on those tasks 
which were re la t ive ly  d i f f i c u l t  and uninteresting to the 
subjects. 

Testing prior 



In the area of sensory functioning several s ign i f icant  
changes occurred. The changes in phoria w e r e  considered 
re la t ive ly  valid, since t h i s  task was not so obviously 
related t o  motivation as most. A n  average increase i n  a 
near point exophoria ( l a t e r a l  divergence of t h e  eyes 
from the proper relationship for  vision a t  near point)  
of six diopters was observed in t h e  l a s t  two t h i r d s  of' 
t h e  confinement, with essent ia l ly  t o t a l  recovery t o  the 
pre tes t  level a t  t h e  time of post test-. This change 
is similar to t h a t  observed i n  students during reading 
stress, who Show exophoria during the  stress and eso- 
phoria afterwards (personal communication f r o m  Dr. 
Gerald Getman, Laverne, Wisconsin). An exophoria of 
t h i s  magnitude would probably be associated w i t h  in- 
creased eyestrain in any prolonged visual task, perhaps 
w i t h  a tendency f o r  momentary blurring. However, it does 
not necessarily imply any decrement in visual acuity o r  
depth perception. 

CF'F ( c r i t i c a l  f l i cke r  frequency) showed a s ign i f icant  Fm- 
provement throughout t h e  period of confinement, with a 
drop afterwards. As mentioned ea r l i e r ,  many uncontrolled 
variables could have contributed to these changes. How- 
ever, to the extent that they may be valid, it is  in- 
teresting to compare these results with the decrement in 
CF'F generally found in persons known to have received 
toxic materials. 
chamber during MESA I1 may have had the  opposite effect. 
Unfortunately, no comparntive CFT data could be collected 
during MESA I when toxic i ty  apparently was a problem. 

The hyperclean environment i n  the 

The t w o  vision tests which were most d i f f i c u l t  f o r  t h e  
subjects, acuity of resolution and stereopsis (depth 
perception), demonstrated this by a considerable lack 
of data. 
f o r  stereopsis showed l a rge  trends but they were highly 
individual and not re la ted  In any simple fashion to  the 
visual aspects of the confinement. 

The three subjects who did provide some measure 

As noted in the Results section, the acuity test provided 
even fewer data. 
d i f f i cu l t  by t h e  eas ie r  t e s t ing  technique introduced after 
Dey 7 as par t  of the reduction in the test- program. 
The general tendency f o r  improvement over time w i t h  a 
re la t ive ly  large hprovement a t  the  post test suggests 
continued learning on the task, combined with some de- 
pression of performance while confined. 
experbenta l  work by F. A. Young ( 
Opthamology, 52, 1961, 799-805; a lso  work in progress) 
which suggests t h a t  i n  primates visual acuity a t  f a r  point 
is reduced, perhaps irreversibly, by continued r e s t r i c t i o n  
of vision to short  distances, this lack of an adequate 
experimental test of v i sua l  acuity is par t icu lar ly  un- 
fortunate. 

Their interpretation was made more 

In  view of the 
American Journal of 



Subject D, on h i s  one relat ively val id  acuity score 
during confinement, provided a much worse score than 
before o r  a f t e r  the run. He a l so  reported suffering 
considerable eyestrain immediately preceeding and 
throughout confinement. He interpreted this in terms 
of the emotional tension associated with h i s  respolzsi- 
bilities on the MESA program. 

There was some evidence f o r  a decrement i n  complex 
auditory discrimination, as measured by i n t e l l i g i b i l i t y  
testing, l a t e  in the run. This could have been t h e  
result of the continued exposure to high noise levels .  
Howver, since Test 2 shoved a decrement only if skipped 
passages were scored a s  incorrect, it appears a t  least 
a6 l i ke ly  t h a t  the decrement is related to the subjects '  
lack of willingness to exert themselves i n  taking the 
test. 

In view of the d i f f i cu l t i e s  encountered in administering 
t h e  pi tch discrimination test, no general statements on 
the  perception of p i tch  appear warranted. 

In  the area of psychomotor performance, as  measured by 
tracking and monitoring, there was a general trend 
(sometimes s ignif icant  and sometimes not) f o r  improve- 
ment over t i m e .  An exception was meter monitoring, 
which showed some reversals in performance, bu t  chief ly  
f o r  only two subjects. 
group with which to compare learning rates,  it is Im-  
possible to s t a t e  whether the  confinement s i tua t ion  had 
any detrimental a f f ec t  on performance. However, the 
effect ,  if it did OCCU, was not  suf f ic ien t  to  cause a 
reversal  in the slope of the learning curve. 

Lacking an appropriate control 

Time estimation a b i l i t y  did not change s igni f icant ly  
throughout confinement. This does not mean that the 
subjective sensation of the r a t e  of time passage was 
unchanged. 
required to remain qui te  conscious of time and any 
changes in time sensation m i g h t  well have been corrected 
for.  Although no time estimation changes occurred the re  
was evidence from questionnaire data t h a t  subjects f e l t  
time! was dragging considerably by the end of confinement. 

To follow the i r  schedule the subjects were 

In  the areas of subjective experience and group dynamics 
there were several  ia terest ing fb&ir?gs. k addi+,ioa +A 
the  motivation problem noted previously, the most serious 
d i f f i cu l t i e s  encountered dur ing  confinement appeared to 
have been interpersonal. 
personal confl ic ts  appeared to be centered within the test 
crew although sometimes outside personnel were involved. 
The signif icant  increases (noted on psychological t e s t s )  of 
i r r i t a b i l i t y  and hos t i l i t y  directed toward crew members o r  
toward the crew i n  general were readily substantiated by 
observations and by post test interviews with the  subjects. 

The major portion of inter- 
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It is c lear  t h a t  differences among personalities, personal 
habits, and the difrerences in  motivaticm fo r  being i n  the 
test si tuation, a l l  l ed  to conf l ic t s  among crew members 
which were energy corisuming and annoying a t  best .  
persons most bothered by such conf l ic t s  l a t e r  expressed 
cOncern about how well t h e y  m i g h t  have Deen able t o  handLe 
these probLerns had t h e  t e s t  been scneduled fo r  a Longer 
perlod of t i m e .  

"hose 

In general. the confinement experience d i d  not appear to D e  
par t icular ly  productive of psychologica 1 s t r e s s  a s  evidence? 
by no changes i n  the checking of t h e  LhtJJective Stress Scale 
throughout the t h i r t y  days. In addition there were no un- 
usual visual o r  auditory experiences such as ha1.1 ucinations 
during confinement. Aside f r o m  ttie high leve ls  of i r r i t a -  
b i l i t y  and hos t i l i t y  exhibited by most of t h e  subjects,  none 
of t h e  behavior observed during t h e  run would be viewed a s  
abnormal. 

In  terms of those things most often listed throughout t h e  
run as  being annoying o r  botnersome to the  sub,jects (Modi- 
f i e d  NRI, Scale), t h e  behavior of others, noise, food and 
t o i l e t  f a c i l i t i e s  were among the  t o p  three of twenty-one 
categories most often. 
were: crowding of t h e L  chamber, followed oy boredom, trouble 
sleeping, and worries about the outside. In  a previous 
study, the s o r t s  of things which bothered persons confined 
in  a large f a l lou t  Shel te r  (see N F U  Report 5882) were qui te  
similar. Among the  top f ive  in t h a t  study were: crowding 
of the chamber, behavior of others and food. Although the 
s i tuat ions were quite d i f f e ren t  the reactions to both en- 
vironments were similar  and indicate  t h a t  many of the  
problems i n  such circumstances a re  interpersonal. 

Also appearing among the  top three 

One of the more in te res t ing  findings of the  behavioral. pm- 
gram was t h a t  of changes in mood. As the Confinement 
progressed, subjects checked fewer and fewer posi t ive words 
on the mood adjective check list (Myers Scale). This 
signif icant  drop appears to represent a gross lowering of 
feelings of w e l l  being, comfort, phasantness ,  and the  l ike.  
Interestingly,  negatively intoned words were not checked 
w i t h  increasing frequency, even though there  was much ex- 
pressed negativism during the  run. 
observed throughout the  confinement period were accompanied 
by shifts in the  ra t ings subjects  gave to the checkl is t  to 
indicate how the  words would llNormally" apply to them. In  
general, throughout confinement these positive and negative 
baseline scores became progressively lower as  compared w i t h  
the "Normally" baseline data gathered before confinement. 
These findings suggest that  a rest ructur ing of mood pat terns  
may take place during confinement which could w e l l  be 
important on long-term missions. Although the small number 
of subjects used here makes these data speculative a t  best, 
mood during confinement looks l i k e  a productive area f o r  
future careful study. 

The mood changes 
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111 . 

The inventow used to sample changes i n  experiences as  a 
function of being i n  the chamber showed s igni f icant  
changes as  follows: 
and general positive feelings, an increase i n  the tedium 
of time, a large increase in  annoyance directed toward 
the MESA crew members, and considerable h o s t i l i t y  toward 
t h e  psychological test program per se. 
t h e  inventory t i e  nicely with t h e  mood checklist in 
showing a general drop in positive feelings. 
fashion the highly significant increase in group annoyance 
revealed by materials f r o m  the  questionnaire was consistent 
w i t h  a l l  of the other evidence relating to interpersonal 
problems. 
inventory tha t  in te l lec tua l  inefficiencies were occurring. 
Interviews l a t e r  substantiated tha t  several of the subjects 
f e l t  they could do l i t t l e  or no heavy reading due t o  lack 
of a b i l i t y  to concentrate. One man was a c lear  exception 
to this, however. 

a decrease in feelings of well being 

The findings fmm 

In similar 

There did seem to be some evidence f r o m  the  

In summsrizing the  behavioral results it should be c l ea r  
that, aside f r o m  the potentially explosive area of inter- 
personal conflicts, f e w  changes in performance appear to 
be caused by a test s i tua t ion  such a s  tha t  of MESA. 
changes which were observed during t h i s  study were re- 
la t ive ly  small and were generally not suggestive of serious 
problems. 

Those 

Human Factors Recommendations 

There seems to be ample evidence from the current study 
tha t  human factors considerations are even more important 
during prolonged confinement than would usually be the  
case. Although t h e  crew chosen f o r  MESA I1 was not as  
mt iva t ed  as would be desired for actual missions, their 
greater tendency to be c r i t i c a l  may have helped to pin- 
point those things which might unnecessarily become 
problems on extremely long missions. 

Many equipment matters were sources of i r r i t a t i o n  f o r  
the  MESA crew and i n  some cases increased interpersonal 
f r i c t ions  as well. Some examples may be useful. One 
crew member expressed h o s t i l i t y  towards the pumps used 
to deliver water f o r  drinking and food preparation because 
of the large amount of force required to operate them. 
bre important, the man who followed him in t h e i r  use 
became i r r i t a t e d  a t  hlm because ne of ten left the handles 
pulled out, rather than rese t t ing  them a f t e r  obtaining h i s  
water. A similar conf l ic t  involved the r e l a t ive ly  complex 
toilet  f ac i l i t y .  One subject frequently f a i l e d  to complete 
a l l  of the  steps in its cycle, leaving some of h i s  mrk f o r  
the next user. 
fr iction. 
the equipment so the operator is unlikely to leave it a t  
any point except the beginning of its next cycle. Other 

%is led to another unnecessary source of 
One solution t o  such problems may be to destgn 
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examples of' problems in the MESA se t t i ng  were various 
pieces of equipment f o r  which cleaning and routine 
maintenance a c t i v i t i e s  were unnecessallay d i f f icu l t ,  
and psychological measurement equipment which was un- 
comfortable and/or d i f f i c u l t  to use. 

The work-res t  cycle employed i n  MESA 11 appeared to oe 
W y  satisfactory. In general, sub.jects adapted readily 
to tne new sLeep pattern required by the eight-four cycle. 
The amount of sleep was f e l t  to oe adequate a f t e r  the  
first f e w  days. The s p l i t t i n g  of the  day into two parts 
broke up the re la t ive ly  monotonous duty hours and was 
fel t  oy tne crew to have aided consideraoly in defeating 
ooredom. Along these same Lines, they f e l t  tnat breaking 
tne 30 day duration of the confinement into several smauer 
units, perhaps by celebrating the weekends in some simple 
manner, would have made its length more acceptable. 
limited example of such a break was the  Sunday paper, whicn 
the crew received and coneiderkd very  important. 

A 

Most of the crew indicated a need f o r  some privacy. 
f a c t  tha t  the work-rest cycle provided a cer ta in  amount of 
privacy by placing people i n  different places appeared to 
be  one of i t s  most appreciated features. The visual and 
auditory isolation of the sleeping quarters both enhanced 
the feeling of privacy in t h e m  and f a c i l i t a t e d  sleeping. 
The isolation of the sleeping quarters appears to be 
important in any system where sleep and ac t iv i ty  a re  t o  
occur concurrently. 

The 

h e  layout of f a c i l i t i e s  (e.g., the placement of ob,lects, 
the s i z e  of a i s les ,  etc.)  to make it possible to avoid a s  
much bumping into one another as possible appears t o  be 
desirable. An important source of f r i c t i o n  among crew 
members seemed to s t e m  from having to squeeze by other 
people (who were often perceived a s  too rude to move) i n  
tne res t r ic ted  passageways. 

The MESA crew f e l t  t ha t  they adapted reasonably well to the 
hign noise which characterized their environment, but most 
f e l t  t na t  noise had contributed to t h e i r  l eve l  of i r r i t a -  
b i l i t y .  
much noise would be allowable, it is c lear  t ha t  any possible 
noise reduction in future systems would be beneficial. 

Although no c r i t e r i a  can be advanced about how 

No measurements of olfactory sens i t i v i ty  were taken. 
there was evidence to indicate tha t  subjects increased in 
t h e i r  a b i l i t y  to preceive specific odors w h i l e  livlng in the 
very clean atmosphere. In  post test interviews subjects 
mentioned that many odors they would never notice normally 
became quite easy to detect. 
odors (flatus, bad breath and perspiration) became quite 
offensive. This pmblem would appear to have implications 

However, 

They also mentioned that bodily 



both f o r  bathing f a c i l i t i e s  and for the diet. It a l so  
has favorable implications f o r  the ere& safety, since 
t n e i r  increased a b i l i t y  to  perceive cxhrs, if re l iab le ,  
should a s s i s t  in prrsvidire a warning of many ty-pes of 
system malfunctions. One other aspect of the olfactory 
problem was the c& conunents about the lack of food 
odors w h U e  eating. With many of the normal p h s u r e s  of 
l i f e  denied, enhancing the  O l f & C \ t o r y  appeal of the d i e t  
would be a much appreciated luxury i n  similar missions. 

IV. Recommendations f o r  Future ' ka ts  

The selection of h.ighly motivated subjects would probably 
be the single most important improvement t h a t  would a i d  
psychological assessment in  future tests similar to MESA. 
It would a lso  considerably improve the chances f o r  much 
other information, such as  crew opinions about food, to 
be valid as  well. 

From a test administration standpoint several factors 
appear to be important. First, in  order to obtain the  
cooperation necessary to carry out psychological ex- 
perimentation, the experimenters need t o  exercise much 
more control over crew motivations and a t t i t udes  than 
was possible here. A t  a m i n i m u m  the subjects must 
understand the reasons f o r  and be willing to undergo the 
hardships imposed by the behavioral program. A more 
disciplined overall  test situation 'ncluding considerably 
more support of the psychological measurement program by 
test personnel and contract monitors would be helpful, as 
well as representing better simulation of what an actual 
mission would be like. 

. 

Many of the psychological tests which could provide valu- 
able information about the effects of such unusual environ- 
ments on behavior need careful development and checkout. 

!Ibis is a costly process both in time and money. The 
criticisms registered against the MESA psychological t e s t s ,  
whlle i n  many cases unfounded, a re  an indication t h a t  some 
were unnecessarily d i f f i c u l t  or uncomfortable to  take. It 
is also true t h a t  due to time and money l imi ta t ions  many 
were  not properly p U o t  tes ted  and improved. 
programs, e i the r  expectations must be trimmed o r  %ding f o r  
behavioral assessment increased. 

In fu ture  

Finally, the training of test  personnel and crew members must 
be long enough to be sure that the necessary knowledge about 
all aspects of the  project is imparted and that a l l  personnel 
have an opportunity to bui ld  up confidence in and respect f o r  
one another. In the behavioral a rea  t h i s  would involve 
assigning much more training time to c la r i fy  the  objectives 
of the test program, to mold attitudes, and to es tab l i sh  
s t a b l e  baselines on the selected performance tasks. 



Unless most of these reconnnendations were included in 
future projects involving behavioral testing, it would 
b e  the opinion of the psychologists who were involved 
in  trie MESA program that such t e s t ing  would b e  of l imited 
value. 

e 



SUMMARY 

Various psychological t e s t e  were used to evaluate the 
behavior of a f ive man crew confined for  30 days In a 
test of the MESA l i fe  support system. 'Pests were in- 
cluded to assess visual and auditory functioning, per- 
ceptual and motor skills, group dynamics and individual 
att i tudes and experiences. 

rJ0 control gmups were available for behavioral compari- 
sons. Moreover, due to  time limitations, pretesting for 
most of the tasks provided familiarity but not stable 
baseline measures of performance. The generally negative 
attitude8 of the subJects towards the behavioral assess- 
ment program necessitated a considerable reduction i n  its 
scope before the end of the f i r s t  week of confinement. 
"heir poor motivation made much of the psychological data 
highly questioaable. 

In general there were  no serious performance decrements 
on the tests actually taken by the subjects. 
there are several findings worthy of mention. 

However, 

There were several changes in seneory functioning. An 
exophoria a t  near point of six diopters occurred with 
total recovery by the time of post test. This condition 
would probably be associated w i t h  increased eyestrain in 
any prolonged visual task. 
(CFF) improved throughout the run, w i t h  a drop a t  the post 
test. 
ment in the chamber. 
discrimination test ( in te l l ig ib i l i ty )  occurred but may 
have been related to  motivational factors. There was some 
suggestion of a slight decrement in visual acuity and no 
changes in depth perception or pitch discrimination. 

Critical fflcker frequency 

lhese changes may re f lec t  the hyperclean environ- 
A decrement in a complex auditory 

Ptrceptuel-motor skills, as measured by tracking and moni- 
toring tasks, showed general improvement throughout and 
af te r  the run. W i t h  no control group it is not poseible 
to determine whether this enhancerent is due to anything 
other than learning. 

There was no measured increaee i n  psychological stress 
associated w i t h  the run and no unusual visual or auditory 
experiences. I r r i t ab i l i t y  and host i l i ty  levels were high 
but not abnormal for  group confinement. The most serious 
problems were interpersonal conflicts, mostly among crew 
members but also affecting outside personnel. Foor crew 
motivation undoubtedly contributed to these problem. 

Those things most often l is ted during confinement as being 
bothersome or annoying were behavior of others, noise, food 
and t o i l e t  fac i l i t i es .  Also, occasionally appearing among 
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t h e  top three were crowding of the chamber, boredom, 
trouble e e p i n g  and wrries about the outside. 
creases were indicated during the run in feelings of 
well being and in general posit ive feelings. Increases 
were noted in the tedium of t i m e ,  annoyance directed a t  
the MESA crew members and h o s t i l i t y  towards tne psycho- 
logical test program. 
t i v e  mood did not change. 

De- 

hs i t ive  mood dropped while nega- 

It was concluded tha t  the MESA t h i r t y  day confinement 
was not particularly d i f f i c u l t  o r  stressf'ul f o r  the crew. 
Those behavior& problems which did e x i s t  appeared to 
stem mostly from poor motivation and centered primarfly 
around the area of interpersonal f r ic t ion .  It is c l ea r  
t ha t  human factors considerations (d i f f i cu l ty  of use and 
maintenance of equipment, crowding of the chamber, and 
the like) led to i m i t a t i o n s  and t h a t  these often led to 
interpersonal f r i c t i o n  a s  well. 
considerations appear even more important for  systems in- 
volv ing crowded, confined environments. 

Standard human engineering 



Photo 28: PROGRAfvIMIkjG A N D  RECCRDING EQUIPMENT AT PSYCHOLOGICAL 
MONITORS STPTION 
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Photo 29: AUDIO VISUAL BOOTH W I T H  DISPLAY USED FOR MEASURING CFF 
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Photo 30: KEYSTONE STEREOVIEWER IN AUDIO VISUAL BOOTH 



Photo 31: TRACKING AND MONITORING TASKS AT OPERATORS STATION 
ON COMMAND CONSOLE 
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PHYSIOLOGICAL 
0 

6.5 

This section covers the  medical clinical  laboratory, urinary 
metabolites and bacteriological monitoring of the  crewmen f o r  
both MESA I and MESA 11. 

6.5.1.1 Medical and Clinical 

A. Subjects 

The f ive  subjects participating in  F’roject MESA comprised 
three Boeing employees: C. M. Proctor, age 45; R. J. Farrell ,  
age 25; R. H. bxry, M.D., age 42 and one military, Maj. E. F. 
Westlake, USAF, age 45; one NASA representative, R. J. Barnicki, 
age g. A l l  subjects were given a comprehensive flight-type 
physical examination approximately two weeks pr ior  to the test 
with follow-up studies i n  accordance with a planned c l i n i c a l  
examinat ion schedule . 

B. Course i n  Chamber 

The subjects entered the c h s e d  environmental simulator a t  
8:OO am on Tuesday, July 16, 1963. 
the various subsystems developed shortly thereafter and pro- 
gressed u n t i l  the run was aborted a t  2:OO pm on Saturday, 
July 20. Within 48 hours after the start of the run an odor 
problem became obviously apparent and all subjects developed 
varying degrees of nausea, anorexia and malaise progressing to 
overt retching and vomiting in a few lnstances. 
respiratory complaints o r  abdominal pain was reported and there 
was no fever leucocytosis o r  change in erythrocyte sedlmentation 
rate determined. 

Difficult ies i n  operating 

No headache, 

Fbst Test 

I n i t i a l  examination on the day of abort did not reveal aqy 
abnormal findings end follow-up physical examinations by 
internis ts  on Mnday, July 22 were also not s ignif icant  al- 
though anorexia and nausea persisted. 
hours, 4 of the subjects (Fk-octor excluded) developed herpeti- 
form lesions of the mouth and/or l i p s  with sore gums un- 
associated w i t h  known fever or regional lymphodenopathy. Un- 
fortunately, these lesions were not observed by anyone on the 
medicai staff and scrapings were not obtained. 
f o r  approximately one week clearing as the subjects gradually 
regained appetite, freedom f r o m  nausea and a feeling of well- 
being. 

During the next 72 

They persis+&d 



C. Laboratory Data 

All c l in i ca l  laboratory tests during the course of the run 
were within normal limits and are tabulated in the attach- 
ment together with a ba t te ry  of paired sera determinations 
f o r  creatinine, bil irubin,  thymol turbidity,  and transaminase. 
No hepatotoxic e f f ec t  is indicated. 

I n  an attempt t o  establish the etiology of the  p o s t - m  
aphthous stomatitis, paired sera were also submitted t o  the 
Department of Virus Diseases, Division of Communicable 
Disease and Irmnunology of the Walter Reed Arrqy Ins t i t u t e  Of 
Research f o r  possible diagnostic changes Ln v i r a l  complement 
fixing o r  neutralizing antibody titers. 
changes in t i t e r  were determined f o r  Herpes Simplex, 
Coxsackie A-9, o r  ECHO types 6, 9, and 16 a l l  of which have 
previously been implicated in outbreaks of acute gingivos- 
tomatitis. 

No s igni f icant  

6.5.1.2 

6.5.1.3 

D. S m r y  

A l l  test subjects were intensely motivated and accepted 
considerable personal discomfort during the  course of the 
test. The combination of an intense nauseating odor, un- 
p d a t a b l e  food and continual mechanical breakdown, however, 
ultimately destroyed morale and undoubtedly was  a primary 
cause of t h e i r  symtomatology. "he apthous stomatitis may 
have been a reaction to emotional stress, of undetermined 
v i r a l  etiology, non-specific i n  origin, or re la ted  t o  an 
unidentified environmental contaminant. 

Urinary Metabolites 

Catecholamines, calcium and hydroxycorticosteriod samples were 
taken fo r  the aborted MESA I manned test, Due t o  the small 
number of samples taken, no usable data were obtained. 

Bacteriology - MESA I 

The bacteriological studies which were carried out p r io r  to the 
manned test consisted of the i so la t ion  and characterization of 
the bac ter ia l  f l o ra  of each subject in order t o  provide a base- 
l i n e  f o r  studies to be carried out during the manned test. For 
each subject, cultures were made f r o m  samples taken from the mse ,  
throat, skin, and feces. Standard techniqu.es of i so la t ion  and ident- 
i f i ca t ion  were followed. The nasal flora of a l l  subjects appeared 
t o  be of normal d is t r ibu t ion  except for the f a c t  that one subject 



w a s  found t o  carry a coagulase positive Staphylococcus aureus.  
There waa, however, no indication of a c l in ica l  infection. 
M a t  flora of a l l  subjects was considered normal except f o r  the 
one instance i n  which the E. aureus was isolated. The pretest 
f e c a l  f lora of a l l  subjects was found t o  contain predominately 
Clostridia and Bacteroides i n  the anaerobic population and E_. - COU 
and paracolon types i n  the aerobic group. 

Nasal samples taken on the fourth day of the test showed that, i n  
addition t o  the one subject who yielded E. aureus  pr ior  t o  the  test, 
two of the other subjects now carried a coagulase posit ive E. Aureus. 
Serological typing of these organisms showed that they were of the 
same type i n  the latter case. The phage type was different  from the 
organism found pr ior  t o  the manned test .  Throat swabs taken on the 
fourth day from each subject showed the stme picture with respect t o  
S. aureus 
Ewonkvcarr iers” .  Examination of skin samples a f t e r  four d a y s  of 
confinement were unremarkable except that it was possible t o  demon- 
strate the s. aureus  on the s k i n  of the pre-test “carr ier” .  
samples obtained dur ing  the t i m e  of confinement showed no remarkable 
cbaxes when compared t o  the pre-test samples. 

except that  the  organism was only isolated f r o m  one of the 

Fecal 

In  surmry, the manned chamber test did not last long enough f o r  any 
val id  conclusions concerning the effect of confinement on the bacter- 
i a l  f lora  of the subjects t o  be made. 

6.5.2 MESA I1 

There w e r e  two manned tests i n  tn i s  program. 
pre-test of February 1% which included the last 4 days manned. Tiiis 
t e s t  provided the confidence necessary to  conduct the 30-day manned 
tes t .  

The 17 day i n t e g a t i o n  

6.5.2.1 Medical and Clinical 

A. 4 k y  --test 

The five subjects participating i n  the 4 day shake-down run were 
Boeing enrpbyees: K. S. Brossel ,  age 43; F. T. Santler, age 26; 
J. R. Welker, age 36; P. W. Trush, age 26; and N. E. Johnson, age 
21. Each subject received a comprehensive flight-type physical 
examination within the two week period preceding the test, was in- 
kerviewed at least once daily during the course of the test, and 
vas xedica2J.y 5el;riefeC: both on tes t  cornpietion and 48 hours post- 
test. 

During the approximate 4 days spent in  the chamber a l l  subjects 
did remarkably w e l l  and were virtually free of symptomatic com- 
plaints. In no case w a s  there any sudgestion of nausea, food 



intolerance o r  re&Jction i n  appetite. 
localized odors w e r e  noted there w e r e  no reports of headache, 
I r r i ta t ion  of the eyes o r  respiratory t r a c t  o r  symptoms re- 
ferable t o  CNS disturbance. 
s i r a b i l i t y  of reducing the over-all noise level  and providing 
bet ter  tempera ture  contml  particularly i n  the sleeping area. 
Three of the subjects fe l t  they had passed more than their normal 
amount of f l a t u s  and at t r ibuted t h i s  t o  relative inact ivi ty  o r  diet- 
ary change. 
reprted change i n  urinary habits. 

One subject noted a "let down" feeling the evening of test com- 
pletion b u t  was  f ine the following day. 
mittent m i l d  headaches dur ing  the 48 hours f0 lhWbg the test 
bu t  attributed these t o  probnged resding and a tendency t o  con- 
st ipation related t o  inactivity. 
stomatitis following the t e s t  without symptoms of upper respir-  
atory infection. 
t ion and buccal scrapings and serum w e r e  obtained on 2/16/64 t o  be 
forwarded t o  the Walter Reed 
bacterial/viral  isolation and change i n  antibody titer. 
have not been reported t o  date. This type lesion is not unusual f o r  
this subject as he has had frequent similar episodes i n  the past. 

Based upon the above medical i n f o m t i o n  it was determined t h a t  
the scheduled 30 day t e s t  could be conducted. 

Although transient 

A l l  subjects comented on the de- 

There w e r e  no other changes i n  bowel habits and no 

Welker noted in te r -  

Santler developed a mild aphthous 

Two aphthous ulcerations w e r e  noted on examina- 

I n s t i t u t e  of Research for possible 
R e s u l t s  

B. 30 Day Manned Test  

hkdical sugport f o r  Project MESA I1 included medical monitoring 
and data collection i n  accordance with the c l i n i c a l  examination 
schedule as shown i n  Section 7.0. The test was regarded as embrac- 
i n g  Human Experimentation and all subjects were required t o  sign a 
copy of a Consent Form. 

1. Subjects 

The f ive subjects participating i n  Project MESA I1 conprised 
of W. A. Swenson ( j, age 26; P. W. Trush ( ) age 26; J. R. 
Ilelker ( ) age 36; Lt.  Comder D. W. Robinson, M. D., USN (MC) 
( ) =e 33 who acted as crew medical officer;  R. J. Barnicki, 
age 2e ! ). A l l  subjects participated i n  test planning and the 
gathering of baseline data except subject (C), i n i t i a l l y  an al- 
ternate condidate, who w a s  substi tuted on 3/2/64 (day 0) be- 
cause of gross pyuria discovered i n  an or ig ina l  candidate. 

Subject (D) had acted as crew member during Pmject MESA I and 
subjects (B) and (E)  were crew members duriai; the 4 day 
manned pre-test. 



2. Pre-Test Procedures 

Within the  week precediqo, the test aU subjects received a 
comprehensive f light-type physical examination including a 
Masters double 2-step electrocardiogram and baseline hemato- 
logical, bacteriological, u r i n a r y  and blood chemistry stud- 
ies. 
extensive dental  caries and chronic pyorrhea w e r e  again noted 
i n  subject (D). 
2/23/64 (0-8) and the Gemini d i e t  on 2/28/64 (0-3). During 
the transit ion period subject (D) complained b i t t e r l y  regard- 
ing both d ie t s  noting bloating, belching and flatulence follow- 
ing meals w i t h  mild nausea associated w i t h  specific items. 
had similar complaints of variable degree thmuGhout the e n t i r e  
course of the test. 
t o  dietary restr ic t ion during the t ransi t ion period is open t o  
question. 

All findings w e r e  within acceptable limits although 

The space s ta t ion  d i e t  was inst i tuted on 

He 

The degree t o  which a l l  subjects adhered 

3. Test Procedures 

A. Medical Monitorin+; 

Medical monitoring was accomplished by a physician famiUar 
with personnel subsystems functions i n  conjunction w i t h  the 
crew medical officer. During the f i rs t  7 days health s t a t u s  
of the crew and test progress w e r e  appraised at 6 hour  in- 
tervals; thereafter, c r e w  members completed a d a i l y  health 
questionnaire each mrning (copy attached) and underwent a 
confidential tape recorded debriefing over a closed loop 
communication channel. Consultation w i t h  the crew medical 
off icer  was effected whenever circumstances jus t i f ied .  
electrocardiogram, blood pressure, pulse rate, temperature 
and body weight w e r e  obtained and the periodic blood studies 
and urinalyses performed are individually tabulated in the 
attached c l i n i c a l  laboratory reports. A l l  values w e r e  with- 
i n  the range of normal variation o r  laboratory e r m r  w i t h  
the exception of methemglobin levels which are discussed 
below. Fluctuations i n  body weight and f l u i d  balance are 
covered under nutritional considerations. 

D a i l y  

Clinically all subjects remained i n  good-excellent health 
throughout the ent i re  tes t  w i t h  f e w  exceptions. One ioedic- 
a l l y  based Unplanned Event Form was submitted on 3/3/64 
(0 +1) because of tension headache and vomiting (Subject C )  
which w a s  of short duration and did not recur. O t h e r  wise, 
only the expected incidence of headache and dietary induced 
gastro-intestinal complaints were noted which responded w e l l  
t o  carefully prescribed doses of ASA and Maalox. "he nausea 
and obnoxious odor present during MESA I were completely 
absent. 
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Baseline and periodic metliemoglobin (Met-Hgb ) detenn- 
inations were taken on a l l  subjects 8s an index of the 
presence of environmental o r  dietaiy oxidants indetem- 
inable by other methods. 
individual c l i n i c a l  laboratory reports and Met-Hgb. i n  m s .  
p AS plotted chronologically i n  the attachment. 
p i n t s  group thernselves into j time periods related t o  die- 
taiy intake. 
during which time the d ie t  was not r igidly controlled, the 
range of values is large. Thereafter, a def ini te  trend 
becomes apparent with a l l  values (except Subject B )  peaking 
t o  a level  of over 0.6 gms. $I on day 0 +4, the midpoint 
of Gemini diet ,  with subsequent decline t o  the end of tLle 
tes t .  The val idi ty  and significance of t h i s  peak, although 
repeated, was questioned and d u a l  samples f r o m  the subjects 
and 3 controls were submitted t o  the or iginal  Laboratory 
(SHL) and an alternate laboratory (SL) for  comparison pur- 
poses on 3/12/64 (&lo). The r e s u l t s  of these comparative 
tests are tabulated i n  the attachment and are i n  reason- 
ab le agreeraent indicating that  differences between subjects 
and. controls are not greater than the apparent limit of test 
accuracy. 
the previously obtained peak values which, although w e l l  
below symptomatic threshold, are elevated above the accept;ed 
norma1(3$ Met-Hgb ). 
the possibi l i ty  that the Gemini d ie t  may contain an oxidant- 
preservative ( n i t r i t e )  which w a s  responsible f o r  the elevat- 
ed levels obtained. 

Values are  tabulated i n  the 

d .. !t%e data 

Up t o  and inchdin$ day 0 (cmmber entry ), 

This lends credence t o  the relat ive accuracy of 

Admittedly inconclusive, this suggests 

4. Bst-Test Procedures 

Following successful completion of the test a l l  subjects 
were placed under close observation at  Providence Hospital 
for  a period of 3 days during which tim comprehensive phys- 
ical  examinations were performed by an in te rn is t  and follow-up 
data obtained. 
baseline w e r e  fcu.nd. A f i n a l  bat tery of laboratory data were 
obtained on 4/7/& (Ot36) and a l l  subjects released f r o m  fur ther  
medical observation. 

No si,nificant changes from the pre-established 

All subjects successfully completed the 30 day test without 
impairment of health. One incident of' tension headache and 
vomiting occurred but medical complaints w e r e  otherwise as 
expected. Medical monitoring data remained within accepted 
Umits other than f o r  elevated methemglobin levels d u r i q  the 
period of u s e  of the Gemini diet. 
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TARLE 5 5  

COMPARISON OF IEB-MET-EB LEVELS (3-12-64) 

SKL - Scientia Research Laboratory 
9, - Suburban Laboratory 



DAILY HEALTH QUE8l!IONNAIRE 

During the past 24 hours have you noted: (Circle YES or NO; if YES, 
cament briefly) 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

ID. 

Any unusual odor 

IrritaiAOa of eyes, nose, throat 

Breathing dlf'f'lculty, wheezing, coughing, sneezing 

Change In appetite, des- or preference for  food/liquids 

Change in bowel habit, constipation, diarrhea 

Nausea, vocpiting, indigestion, bloating, flatus 

Change in urinary hsbit or urine color or odor 

Headache, vlsual disturbance, "dizziness" or "giddiness" 

Unusual tiredness, fatigue, difficulty sleeping 

I n  general, I feel excellent, good, fair, poor, terrible 

Any other cuments: (regarding yourself', other subdects, test 
canduct, etc.) 

PWSiCiang camnents: 

NAEQ: 

DA!CE TRJlE 
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b. j.2.2 Urinary Metabolites 

A t  NASA request biochemical tests w e r e  conducted on the subjects as 
possible indices of stress. 
for catecholamins, 17 Hydroxycorticosteroids and calcium. Raw data 
only are pretiented and no analyses have been made t o  correlate with 
o t h e r  possible areas of stress. 

Included herein are the r e s u l t s  of tests 

A. Total Urinary CatechoLamines 

Catecholamines w e r e  analyzed by the  fluorometric t r i ~ d r o x y l i n d o h  
methods as described by Jacobs, Sobel and Henry (J. CUn. Endocrin 
and Metab. - 21:305 (1961) but using the isolat ion Frocedure-(ion 
e x c w e  resin) of OesterlinC, and Tse (Amer. J. Med. Tech. 27:J.E 
1961). Catecholsmine recovery by these methods was usually Within 
the range of 85 ta 92%; the maximum ermr (precision) w a s  2 94. 

It is generally held that normal catecholamine values w i l l  f a l l  
behw 300-400 micrograms per day. 
of 100 micrograms per 24 hour period would be a normal value. 
alyses carried out during the chsniber t e s t  (MESA 11) yielded values 
between 50 and 300 micrograms. 
the experiment (See Figure 60 ) concentrations reached extremely 
high levels (600 micrograms per day). 

-- - - 

For pract ical  purposes a va lue  
An- 

However, during the f i n a l  phase of 

B. U r i n a r y  Calcium Analyses 

Urine calcium estimates w e r e  made on a Coleman Model 21 Flame Photo- 
meter i n  accordance w i t h  the directions given i n  the Coleman Manual 
#D-248C(Page 37). The normal range f o r  urine calcium is often con- 
sidered t o  be 5-15 meq. per 24 hours. 
gave values between 2 t o  21  meq per 24 hours (See Figure 61 >. Analyses on the MESA subjects 

C. U r i n a r y  17 - Hydrowcorticostemid 

17-Hydroxycorticosteroids w e r e  analyzed by the direct  nethod of 
Norylliberski (1). a. 
cision (maximum e r ror )  was + s. 
Normal adult males analyzed in this laboratory (cf. picture #2A 
171973) had 17-Hydroxycorticostemids values of 6-25 mg per 24 hours. 
Analyses on the subjects i n  t h e  MESA chamber yielded results which 
had a w e  of 7 t o  45 mg per 24 hours (See Figure 

The recovery by t h i s  method was generally within 
I n  8 replicate determinations on one urine samph, the pre- 

- 
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6.5.2.3 Bacterioloa - MESA I1 

Bacterial sampling of the subjects included nose, tiu-oat, muth  
skin and fecal. 
mouth by swabbing the  same areas each time with cotton tipped wooden 
applicators. 
obtainind the samples i n  the chsmber. 
ling techniques was emphasized. 

Samples were obtained from the nose, throat, and 

Two of the subjects were given the responsibility of 
The importance of proper samp- 

NASAL SAMPLES 

Nasal swabs were obtained from each n o s t r i l  and smears w e r e  made on 
g l a s s  slides f o r  gram staining. Another s e t  of swabs from the nose 
were obtained a t  this time and immediately put into tubes of cooked 
meat medium. 
to selective and non-selective media. 

"he tubes w e r e  incubated f o r  24 hours, then sub-cultured 

G r a m  stains from the direct  smears showed nearly complete s t e r i l i z a -  
t ion of the nose and nasophazyngeal area a f e w  days after the subjects 
went into the chauiber. 

"he cooked meat medium cultures w e r e  examined f o r  predominant bac te r ia l  
f lora  and f o r  any changes of flora that might occur during the test 
period. 
coccus, and Staphlococcus aureus .  

hriw the course of the 30 day test a marked change i n  the normal 
f l o r a  took place. 
T ~ E  change involved the ra t io  balance between orLanisms of the n o m 1  
flora. 2. aureus  became the predominant organism over a l l  the non- 
pathozenic or;anisms t o  the point of a b s t  obtaining pure cultures of 
S. aureus i n  the f i n a l  days of She test. The other organisms had 
become so few in numbers they were almost non-existent. 

Normal predominant f lora  consisted of Micrococcus, Strepto- 

This change was quite similar f o r  a l l  5 subjects. 

THROAT SAMPLES 

Tkroat swabs were obtained and put into cooked meat medium immediately. 
The cultures were removed from the chamber and subcultures made on selec- 
tive and non-selective media. After the subjects had been i n  the  chanib- 
er f o r  a few days the number of bacteria decreased t o  such an extent the 
cooked meat cultures had t o  be incubated 24 hours before subculturing 
could  be done. 

Cultures w e r e  examined f o r  the presence of predominant orl;anisms, f o r  
any chaq;es i n  the normal flora, and f o r  the appearance of any organ- 
isms not previously recovered. 
were Streptococcus, Staphlococcus, Micrococcus, and Corynebacterium. 

The predominant orsanisms of the  t l m a t  

Subject A maintained the normal f l o r a  durin;, the f i r s t  week except f o r  
a s l ight  increase of 2. aureus .  
from the throat. By the end of the test S. aureus  had become the one 
predominant organism and t h e  other organisms had been reduced t o  only 
a few colonies. 

On da,y 20 coliforms w e r e  recovered 



Subject B followed about the same pattern as subject A. 
found, and an increasing population oi S.aureus w a s  found u n t i l  it 
becarue the most predominant organism. 

Coliforms were 

Subject C iwiintained 8 more  normal throat f l o r a  throuchout the 30 days, 
However, post-run samples showed a sudden chaq;e. S .  Aureus  had 
taken over as the predominant or.,anism and Streptococcus had vir tual ly  
vanished. 

- -  

Subject D demonstrated a s h i f t  f r o m  noimal flora to  an increase of S. 
au reus  by day l.2. By the end of the test period S. a u r e u s  was pract- 
i ca l ly  the sole survivor. 
f r o m  the throat. 

The other bacteria had &nost been eliminated 

Subject E. 
Streptococcus by the U t h  day. 
become equal i n  numbers w i t h  the Streptococcus. 
testin, S.aureus w a s  predominant and Streptococcus nearly non-existent. 

was found t o  have shifted t o  almost a pure culture of 
By day 20 S. aureus had increased t o  - -  

A t  the end of the 

MOUTH - SAMPLES 

The mouth flora w a s  examined from stained slides made by swabbix 
the teeth ;urns, and t o n s i l  area. 
days pre-run, consisted of gram positive organisms, Neisseria, a few 
epi the l ia l  cells ,  leucocytes, and very f e w  orsanisms of Vincent's q i n a .  

The flora, on i n i t i a l  examination 5 

Subject A on aa3. 5 showed an increase of leucocytes and organisms of 
Vincent's ' . h a .  On day 9 Vincent's or,anisms w e r e  found i n  abundance. 
The L2th day showed a complete absence of this  orGanism plus an abnormal 
decrease of a l l  fb ra .  From the 12th day on, the bac ter ia l  flora was 
few i n  nuniber and there w a s  no evidence of Vincent's 0r;anisms except 
on day 26 when only a few were noted. 

Subject B on the 5th day showed a slight increase of Vincent's or,an- 
isms. By day 9 the or;anisms of Vincent's an,,ina were i n  abundance. 
extremely heavy flora of Vincent's organisms was noted throu;;hout the 
remining test period and on days 3 and 7 post-test. 

An 

Subject C showed no change of flora o r  increase of Vincent's organisms 
durin(: the 30 days. 
ance of Vincent's or,anisms. 

Subject D on day 5 showed an increase i n  Vincent's organisms. 
10 these orzanisms had increased t o  a heavy f l o r a  and remimd h--"='."j 
=,?til day 22 when the level of Vincent's organisms dropped considerably. 
On day 26 an increase t o  moderate f b r a  w a s  noted. 
heavy f l o r a  occurred on day 29. 
cent's organisms bad returned t o  a normal level. 

Eawever, the examination on day 7 showed an abund- 

By day 

An incEase t o  
On the post run examinations the Vin- 

Subject E by the 12th day had a heavy flora of Vincent ' 6  organisms O n  
day 29 no Vincent's organisms w e r e  noted, and other bacteria and tissue 
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c e u  were rare. 
were again found i n  larze numbers. 

On day 7 post run, organisms of Vincent's miha 

Figxres 6L and 65 S h O W  the rebtiOIlSbipS Of the 
or;anisms of the nose, of the  t h a t ,  and of the m u t h  t o  each other. 

The normal f b r a  of the nose and throat of a l l  subjects declined and 
coincidint: w i t h  this was an increase i n  a p o t e n t i d l y  pathogenic or;=- 
i s m  S. aureus u n t i l  at  the end of the test period E. aureu8 was prac- 
tica?iiy the  only orLanism recovered from the nose and throat. 

Esch subject, a t  some time durin, the test period, bad Vincent's 
angina or,anisms i n  concentration6 much higher than w h a t  i s  considered 
norm1 f o r  the m u t h  fb ra .  

Furth2r studies should be undertaken t o  determine the cause of the 
decline of the normal nasal and throat f b r s  and the subsequent increase 
of a potentially pathogenic organism. Probably the conditions of temp- 
erature, humidity, bacteriolo,_;ical clean air within the chamber o r  trace 
quantities of an unknown chemical a,ent i n  the air may have caused this 
condition t o  occur. 

SKIN s- 

The subjects did not follow the  prescribed procedure f o r  skin sampUng; 
consequently only su.p?rficial sslnples w e r e  obtained f r o m  the skin. 
conclusive or  rewardiw data could be obtained from this. 

No 

FECAL SAMPLES 

Stool samples were obtained f o r  the f i r s t  samp 
wet weight amounts serially diluted t o  1 x 10 -VJ The reminder of 
the fecal  samples were obtained by us ing  r e c t a l  swabs because fresh s t o o l  
samples could not be obtained fmm a l l  5 men on the same day. 

day 5, w i t h  1 -;ram 

Viable counts were obtained by the most probable number method using 
t r ip l ica te  tubes in  each dilution. Organisms were cultured i n  the  
following way: 



A. 

B. 

C. 

D. 

E. 

F. 

c. 

H. 

Coliforme 

Iauryl Sulfate Broth with Durham tubes - i f  gas produced 
culture transferred t o  E C Medium with Durham tubes - if 
gas produced organisms identified as Coliforms. 

Fecal Type streptococcus 

Azide Dextrose Broth - growth transferred to  S F Medium - 
growth and pH change t o  acid indicates fecal type strepto- 
coccuE( . 
Other Streptococcus 

Blood plates streaked w i t h  culture - small streptococcus 
l i k e  colonies gram stain& for gram positive cocci. 
Hemolysis noted from blood plates. 

Inctobacillus 

LBS Broth - growth transferred again to  LBS broth - growth 
gram stained for Uctobacillus rob. 

coagulas e Positive Staphlococcus 

Growth f’rom cooked meat medium streaked on Staphlococcus 
Medium No. 110 plates - pigmented colonies checked for gram 
positive cocci and then coagulase tested. 

Micrococrms 

All other 
Staphlococcus which g r e w  on Staphlococcus medium No. 110. 

positive cocci other than coagulase positive 

Clostridium 

Cooked meat medium cultures gram stained for Clostridium 
spores . 
Bacteriodes 

Growth found in the highest dilutions of cooked meat meillum 
showing anaerobic growth gram stained for smal l  gram nega- 
tive rode. 

Because the size  of tne samples obtained c o d &  mt be start&- 
dized, the raw data had to  be reduced to a corrmon factor. 
was done by calculating the difference8 i n  the order of om@,- 
tude of the Most Probable m e r  counts of each organism using 
the total viable count for each sample as the base line. 

Table 56 gives the numbers obtained from calculating the dif- 
ferences in order of magnitude. Bacterlodea is  not included In 
the table because in a l l  cases it was found i n  the highest 

This 



dilutions sh&ng growth and the difference in order of magnitude 
is  zero. 

The Clostridium recavered from subjects A and B dropped off con- 
siderably on the last 3 samples taken. 
Clostridium counts stayed f a i r ly  constant except on the last 
sample which shows 8 drop. The Clostridium from subjects D and 
E did not change t o  any extent. The Streptococcus cultured from 
a l l  5 subjectej fluctuated both in types and numbers recovered. 
Coagulase positive Staphlococcus was recovered only from subject 
D on days 5, 19 and 36. The remainder of the organisms cultured 
remained fairly constant for each subject. 

From subject C, the 

There seemed t o  be no remarkable changes in the fecal f lora  of 
the  subjects during or after the test period. . 
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TABLE 56 

COMPARISON OF BACI’ERIU COUNTS BY 
DIFFERENCES IN ORDER OF MAGNITUDES - FECAL SAMPLES 



1 

staph. - - - - - 
1 

~i~~~~~~~ 1.2 lo2 1.1 lo2 6.2 103 j 1 103 1 lo2 , ______ --- 

Clostridium I /  1 x lo2 2.5 x lo1 4.0 x lo2 i6.2 x 102 3.1 x lo5 I 
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6.6 

6.6.1 

6.6.2 

NUTRITION 

In t roduc t ion  

The NASA Manned Spacecraf t  C e n t e r  p a r t i c i p a t i o n  
i n  t h i s  program included; t h e  p rov i s ion  of food, 
t h e  i n d o c t r i n a t i o n  of subjects t o  t h e  food 
concepts ,  t h e  e l i c i t a t i o n  of  s u b j e c t  d i e t  h i s t o r y ,  
and t h e  t a b u l a t i o n  of r e s u l t s  rece ived  and their  
i n t e r p r e t a t i o n  . 
The purpose of u t i l i z i n g  p ro to type  space foods 
was t o  provide  sustenance suppor t  t o  t h e  Boeing 
Company a s  w e l l  a s  t o  supply NASA w i t h  addi- 
t i o n a l  information on the  following: 

1. 

2. Evaluat ion of prototype ze ro  "g" f e e d e r s  

3 .  N u t r i t i o n a l  d a t a  r e l e v a n t  t o  d i e t .  
4. Phys io log ica l  da t a ,  eg. f e c a l  r e t a r d a t i o n ,  

Accep tab i l i t y  o f  t h e  pro to type  dehydrated 
and compressed food i t e m s .  

and d i spense r s .  

r e l e v a n t  t o  type  of d i e t .  

Ma te r i a l s  and Methods 

S u f f i c i e n t  food was provided f o r  t h e  30 day t e s t  
and 8 days of p r e o r i e n t a t i o n  t o  t h e  d i e t s  p r i o r  
to t h e  tes t .  A t o t a l  of 1 2  man days of Gemini 
food (2 days p r e o r i e n t a t i o n  and f i r s t  10  days 
of  t e s t )  and 26 man days of  Simulator  Study food 
(6 days of p reo r i en ta t ion  and l a s t  20 days of  
tes t )  was provided f o r  each of ' f i v e  subjects. 
Two of t h e  f i v e  subjects a t e  from pro to type  
Gemini food con ta ine r s  dur ing  t h e  f i r s t  10  days 
of t h e  test. A d a i l y  food eva lua t ion  record 
was maintained by each s u b j e c t  (Table I ) .  The 
menus of each d i e t  a r e  given a s  an i n t e r g r a l  
p a r t  of the a c c e p t a b i l i t y  d a t a  (Tables I1 and 111). 
The pro to type  G e m i n i  r;leGu is a f o ~ r  day c y c l e  
menu of 4 meals/day. Each meal provided approxi- 
mately 650 k i l o c a l o r i e s ,  an average of  2687 
k i l o c a l o r i e s  p e r  man day. The Simulator  Study 
menu is a t h r e e  day cycle  menu of 4 meals/day, 
providing an average of 2695 k i l o c a l o r i e s  p e r  
man day. 

A l l  food f o r  t h e  MESA s tudy  was de l ive red  dur ing  
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6.6.3 

t h e  e a r l y  Summer o f  1963. A f t e r  t h e  a b r u p t  ter- 
mina t ion  o f  t h e  f irst  MESA s t u d y  of J u l y  20, 1963, 
t h e  food remained a t  t h e  Boeing Company u n t i l  on 
or about  November 1, 1963, when t h e y  w e r e  t r a n s -  
ferred t o  cold s t o r a g e  (+4OoF) a t  the S e a t t l e  
Naval Supply Depot u n t i l  needed f o r  t h e  second 
MESA s t u d y  r e p o r t e d  h e r e i n .  

During the p r e t e s t  p e r i o d ,  C r e w  Systems Div i s ion  
pe r sonne l  i n d o c t r i n a t e d  the s u b j e c t s  i n  t h e  
g e n e r a l  n a t u r e ,  packaging,  and p r e p a r a t i o n  i n  
both menus w e r e  o f  known composi t ion.  p l a t e  was te  
informat ion  was r eques t ed  by  CSD t o  c a l c u l a t e  
q u a l i t a t i v e  c a l o r i c ,  p r o t e i n ,  and s e l e c t e d  mine ra l  
consumption d a t a .  

R e s u l t s  MESA I 

The tes t  was i n i t i a t e d  on J u l y  30, 1963. Unfor- 
t u n a t e l y ,  t h e  experiment  had t o  be t e rmina ted  
f o u r  and one-half  days  a f t e r  the  onset because  
of the p resence  of  an u n i d e n t i f i e d  gaseous  conta-  
minant.  AS e a r l y  a s  day one,  t h e  subjects r e p o r t e d  
n o n s p e c i f i c  i r r i t a t i o n .  D e f i n i t e  ev idence  o f  
a loss of a p p e t i t e  was i n d i c a t e d  b y  two s u b j e c t s  
a t  the s t a r t  o f  day t h r e e .  Nausea was r e p o r t e d  
midway th rough  day  f o u r .  

A s c r e e n i n g  of t h e  l i m i t e d  number of  e v a l u a t i o n s  
g iven  t o  t h e  foods  consummed i n d i c a t e s  that ,  excep t  
for  an o c c a s i o n a l  i n d i v i d u a l  p e r s o n a l  d i s l i k e ,  
a l l  food i t e m s  r a t e d  between 5 and 9 on t h e  he- 
d o n i c  s c a l e .  The m a j o r i t y  o f  t h e  i t e m s  r e c e i v e d  
a r a t i n g  of 6 o r  better which approximated t h o s e  
r a t i n g s  o b t a i n e d  b y  others i n  n o n r e l a t e d  inves-  
t i g a t i o n s .  I n  t h o s e  i n s t a n c e s  where comparisons 
could  be made, the  g iven  r a t i n g  o f  an i t e m  d i d  
not  d e t e r i o r a t e  more than  one p o i n t  on the hedonic  
s c a l e ,  a l t hough  consumption was f a l l i n g  off  d u r i n g  
t h e  l a s t  t w o  and one-half  days  of the a b o r t e d  
t es t .  

I n  summary, the a b r u p t  t e r m i n a t i o n  and r e p o r t e d  
t o x i c  n a t u r e  of the experiment  p r e c l u d e  t he  c a l -  
c u l a t i o n  of n u t r i t i o n a l  i n fo rma t ion  ., Fur the r -  
more, a c c e p t a b i l i t y  d a t a  r e p o r t e d  above is con- 
s i d e r e d  u n r e l i a b l e  due t o  t h e  l i m i t e d  number of 



r a t i n g s  ob ta ined  and the  unexpected outcome of 
t h e  experiment .  

6.6.4 R e s u l t s  MESA I1 

6.6.4.1 A c c e p t a b i l i t y  : 

Tab le  I1 p r e s e n t s  the average hedonic  r a t i n g  and 
p e r c e n t  d i s l i k e  f o r  each p r o t o t y p e  Gemini menu 
food i t e m .  T a b l e  I11 p r e s e n t s  t h e  same d a t a  f o r  
t h e  S imula to r  Study menu food i t e m s .  I t e m s  w i t h  
hedonic  r a t i n g  of 5.0 t o  6.0 a r e  cons ide red  bor- 
d e r l i n e  i n  a c c e p t a b i l i t y .  I t e m s  w i t h  a r a t i n g  
above 6.0 a r e  cons idered  a c c e p t a b l e .  I t e m s  w i t h  
a r a t i n g  below 5.0 are a n s i d e r e d  comple te ly  
unacceptab le  and u s u a l l y  a r e  n o t  e a t e n .  

The  a c c e p t a b i l i t y  of t h e  p r o t o t y p e  Gemini food,  
i n  d e c r e a s i n g  o r d e r  a s  judged o r g a n o l e p t i c a l y  by 
t h e  s u b j e c t s ,  is given i n  Table  I V .  The same 
d a t a  for  t h e  Space S imula tor  menu i t e m s  i s  g iven  
i n  Table  V. 

6.6.4.2 Eva lua t ion  of p ro to type  z e r o  " g "  food c o n t a i n e r s :  

The subjects' comments about  the z e r o  Itgo' f e e d e r  
r e v e a l  t h a t  approximately 10 t o  1 5  p e r c e n t  o f  
t h e  c o n t a i n e r s  w e r e  d i f f i c u l t  t o  open and t h a t  
opening t a b s  o f t e n  broke r e q u i r i n g  the use of 
scissors t o  open the pouches. The seam of  s e v e r a l  
food c o n t a i n e r s  ruptured  w h i l e  kneading t h e  food 
d u r i n g  r e c o n s t i t u t i o n  and when t h e  narrow mouth 
p i e c e  o b s t r u c t e d  the free f low of food and inc reased  
p r e s s u r e  had t o  be app l i ed  t o  t h e  food c o n t a i n e r .  

An o c c a s i o n a l  d i f f i c u l t y  a r o s e  w i t h  t h e  b i t e  s i z e  
food d i s p e n s e r  i n  t h a t  t h e  t a p e  u t i l i z e d  t o  w i t h -  
draw t h e  i n d i v i d u a l  p i e c e s  d i d  n o t  f u n c t i o n  pro- 
p e r l y  i f  t h e  wrong end of t h e  d i s p e n s e r  was opened 
d ~ l e  t o  f a u l t y  o r i e n t a t i o n  d u r i n g  packaging.  

6.6.4.3 N u t r i t i o n a l  d a t a  r e l e v a n t  t o  t he  d i e t s :  

Three of the  s u b j e c t s  weighed t h e  same b e f o r e  and 
a f t e r  the  t e s t .  One subject l o s t  3 pounds and 
one l o s t  10 pounds by d e l i b e r a t e l y  t r y i n g  t o  reduce .  



6.6.4.4 

S ince  no a d d i t i o n a l  da t a  was c o l l e c t e d  and/or 
t r ansmi t t ed  t o  CSD, no  e s t ima te  Of c a l o r i c  o r  
p r o t e i n  ba lance  can be made. 

Phys io log ica l  d a t a  r e l e v a n t  t o  t h e  d i e t s :  

I f  t h e  da t a  provided CSD a r e  complete and in fo r -  
mation provided by  t h e  subjects r e l a t i v e  t o  
de feca t ion  h a b i t s  dur ing  p r e t e s t  i n t e r v i e w  a r e  
v a l i d ,  d e f i n i t e  f e c a l  r e t a r d a t i o n ,  occurred i n  
t h r e e  of t h e  f i v e .  s u b j e c t s ,  i .e. 8, 14,  and 15 
bowel movements ( b . m . )  dur ing  a 30 day du ra t ion .  
Two subjects r epor t ed  l i t t l e  (23 b . m .  i n  30 days)  
o r  no (29 b . m .  i n  30 days)  r e t a r d a t i o n  dur ing  t h e  
t es t .  

Table I V  

Prototype G e m i n i  Food: 
under cond i t ions  of Boeing MESA Study. 

Order of a c c e p t a b i l i t y  

C l a s s  of Food Average Hedonic Rat inq  

Puddings (Chocolate & But t e r sco tch )  
Beverages and Sea Foods 
F r u i t  J u i c e s ,  F r u i t s ,  F ru i t cake  
Sandwiches (Peanutbut te r  & Cheese) 
Soups and Cerea l  Products  
Puddings (Banana & Apricot)  
Meats 
S a n dw i c  he s ( M e  a t ) 
B i t e  s i z e  (P) and ( N )  i t e m s  
Vegetables 
Overa l l  Menu 

7 .O 
7.0 
6.4 
6.0 
5.4 
5.0 
4.9 
4.1 
3.5 
2.5 
5.28 

Table  V 

Simulator  Study Food: 
under cond i t ions  of Boeing MESA Study. 

Order of a c c e p t a b i l i t y  

C las s  of Food Averaqe Hedonic Rat i n q  

Sea Foods and Soup (one on ly )  7.4 
Beverages and Pudding (Date) 6.8 

6.6 F r u i t s ,  F r u i t  J u i c e s  
Meats, vege tab le s ,  Ce rea l s  6.4 
Overa l l  Menu 6.46 



6.6.5 

6.6.5.1 

Table VI 

Comparison of a c c e p t a b i l i t y  of i d e n t i c a l  food 
products  i n  t h e  t e s t  menus. 

Average Hedonic Rat i nq  

Grape f ru i t  J u i c e  
F r u i t  Cock ta i l  
Shrimp Cock ta i l  
Tuna Salad 
Salmon Salad 
Beef Pot Roast 
B e e f  w i th  Vegetables 
Bacon (Ham)with Apple- 
sauce 
Green Beans w i t h  gravy 

G e m i n i  Menu 

6.2 '(5.3)* 
6.0 (4.5) 

6.9 (6.3) 

6.1 (5.3) 
5.4 (4.8) 

7.7 (7.5) 

5.9 (5.3) 

Simulation Study 

6.6 (7.0) 
6.7 (6.0) 
8.1 (8.3) 
7.1 (7.0) 
6.7 (6.4) 
6.4 (5.8) 
6.1 (5.7) 

5.3 (4.0) 4.9 (4.8) 
2.9 (1.0) 3.4 (2.3) 

* ( ) *  = average of  r a t i n g s  given f o r  t h i s  i t e m  by  
two subjects e a t i n g  from pro to type  ze ro  " g "  re- 
hydra tab le  food conta iner .  For comparison, average 
r a t i n g s  of i d e n t i c a l  SS menu i t e m  a s  given by t h e  
same subjects a l s o  is recorded i n  t h e  SS menu column. 

Discussion : 

Acceptab il i t y  Data : 

The food r a t i n g s  accumulated dur ing  t h e  second 
MESA s tudy  do provide  worthwhile information a s  
t o  t h e  gene ra l  a c c e p t a b i l i t y  of  the menus tested.  
I n  a d d i t i o n ,  va luable  information was gained 
a s  t o  t h e  s u s c e p t a b i l i t y  of t h e  food products  t o  
o rgano lep t i c  changes a s  e f f e c t e d  by  long t e r m  
s t o r a g e  and t h e  adequacy of the  pro to type  packaging. 

In  view of  t h e  n a t u r e  of t h e  food packaging and  
i t s  r e l a t i o n s h i p  t o  t h e  n a t z r a l  aging of the  foods 
and t h e  cond i t ions  of  s to rage  and handl ing p rev ious ly  
descr ibed ,  t h e  food r a t i n g s  cannot be compared t o  
those  expected of s i m i l a r  f r e s h  foods s i n c e  product  
d e t e r i o r a t i o n  over  nine months could be  p red ic t ed  
and was expected and no c o n t r o l  information was 
c o l l e c t e d .  The a c c e p t a b i l i t y  of t h e  subject food 
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i t e m s ,  a s  compared t o  f r e s h  i t e m s  under c o n t r o l  
c o n d i t i o n s ,  h a s  been determined i n  o t h e r  non- 
r e l a t e d  i n v e s t i g a t i o n s  and a l though  some accepta-  
b i l i t y  is compromised b y  t h e  p r o c e s s i n g  u t i l i z e d  
t o  m e e t  i n - f l i g h t  r equ i r emen t s ,  a l l  i t ems ,  when 
p r o p e r l y  package, r e c e i v e d  a t  l e a s t  a 5.0 hedonic  
r a t i n g .  
i n  the f i r s t  MESA s t u d y  where no i t e m  i n  the  p r e  
o r i e n t a t i o n  p e r i o d  and t h e . ' f o u r  day  test  r ece ived  
a hedonic  r a t i n g  below 5.0. 

Suppor t ing  ev idence  of t h i s  was exper ienced  

with the e x c e p t i o n  of  t h r e e  o r  so S imula to r  Study 
food i t e m s ,  the fo l lowing  p r o t o t y p e  G e m i n i  foods 
w e r e  judged o r g a n o l e p t i c a l l y  unacceptable:  

( a )  Vegetables ,  c a r r o t s  and green  beans ,  which 
a r e  very  s u s c e p t i b l e  t o  o x i d a t  ion ;  

(b) I t e m s  w i t h  low r a t i n g s  a t  p roduc t ion  t ime ,  
such a s  t h e  ( N )  and ( P )  b i t e - s i z e  i t e m s  and i n  
which t h e  c o a t i n g  (P i t e m s )  or  t h e  c a r r i e r  (N i t e m s )  
i s  most s u s c e p t i b l e  t o  au to-oxida t  ion.  

(c )  Most meat i t e m s  d e t e r i o r a t e d  w i t h  t h e  
excep t ion  6 f  Beef Pot  Roast ,  B e e f  and Gravy ( t h e s e  
i t e m s  have i d e n t i c a l  f o r m u l a t i o n s  excep t  f o r  t he  
gravy  b a s e  u t i l i z e d )  and Sausage P a t t i e s .  A l l  
meat i t e m s  w i t h  v e g e t a b l e s  r e c e i v e d  l o w  r a t i n g s  
and d e t e r i o r a t i o n  can ,  i n  large p a r t ,  be a t t r i b u t e d  
t o  the v e g e t a b l e s  s i n c e  t h e  l a t t e r  r ece ived  very 
low r a t i n g s  p e r  se. Ch'icken is a p p a r e n t l y  n o t  
a s  s t a b l e  a s  beef under t h e  same c o n d i t i o n s .  

T h e  o v e r a l l  a c c e p t a b i l i t y  o f  t h e  p r o t o t y p e  Gemini 
d i e t  averaged 5.3 whereas  t h a t  of the S imula to r  
Study d i e t ,  even though it was made up o f  fewer 
i tems ,  i .e .  less  v a r i e t y ,  and i t e m s  such  a s  b r e a d  
and j e l l y  which w e r e  used r e p e t i t i o u s l y ,  averaged 
6.5. 

It is noteworthy t h a t  s e v e r a l  i t e m s  w e r e  i d e n t i c a l  
i n  b o t h  d i e t s  and t h a t  the average  r a t i n g s  f o r  a 
g iven  i t e m  w e r e ,  w i t h  one  e x c e p t i o n  h i g h e r  for  
t h e  product  i n  t h e  S imula to r  Study d i e t  a s  compared 
t o  the  i d e n t i c a l  i t e m  i n  t h e  Gemini d i e t .  (See 
Table  V I ) .  Three  f a c t o r s  which may have c o n t r i b u t e d  
tti t h i s  d e f i n i t e  t r e n d  i n  the r e s u l t s  a r e :  
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( a )  the s u p e r i o r  q u a l i t y  packaging of the  
S imula to r  S tudy  foods a s  compared t o  the  prototype 
Gemini foods  where t w o  f i f t h s  of a l l  i t e m s  w e r e  
packaged i n  Gemini p r o t o t y p e  z e r o  "g" food c o n t a i n e r s .  
The  l a t t e r  a r e  f a b r i c a t e d  f r o m  a l a m i n a t e  t h a t  does  
n o t  i n c l u d e  the excellent b a r r i e r  q u a l i t i e s  of 
aluminum f o i l  (See Table  VI): 

(b) the a v a i l a b i l i t y  of hot or cold w a t e r  t o  
r e c o n s t i t u t e  S imula to r  S tudy  foods  p robab ly  was 
s u f f i c i e n t  t o  i n c r e a s e  their  a c c e p t a b i l i t y ;  and 

(c) it is possible t h a t  the  d e c r e a s e  f requency  
of unaccep tab le  i t e m s  i n  the S imula to r  S tudy  Menu 
enhanced o v e r a l l  menu acceptance .  

6.6.5.2 E v a l u a t i o n  of prototype z e r o  I'g" food c o n t a i n e r s :  

As a r e s u l t  of Mercury i n - f l i g h t  exper iments ,  b o t h  
of the  subject food c o n t a i n e r s  w e r e  d i s c a r d e d  b y  
CSD. I n  a d d i t i o n ,  t o  t h e  p o s s i b l e  ma l func t ion ing  
of the b i t e  s i z e  d i s p e n s e r s  when t a p e s  a r e  u t i l i z e d ,  
a s  demonstrated i n  t h i s  s t u d y ,  Mercury i n - f l i g h t  
e x p e r i e n c e  a l s o  demonstrated t h a t  t h e  t a p e s ,  a f t e r  
the  d i s p e n s e r  is emptied,  a r e  d i f f i c u l t  t o  c o n t r o l  
a t  z e r o  "g." It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
p r e s e n t  Gemini concept  i n c l u d e s  the u s e  of s c i s s o r s  
t o  open both the  r e h y d r a t a b l e  food and f i n g e r  food 
c o n t a i n e r s .  

6.6.5.3 N u t r i t i o n a l  d a t a  r e l e v a n t  t o  the d i e t s :  - 

The l a c k  of body weight change i n  t h r e e  of t h e  f o u r  
subjects who d i d  n o t  w i l l  f u l l y  d e s i r e  t o  lose 
weight  would imply t h a t ,  s i n c e  n o t  a l l  foods provided 
w e r e  i n g e s t e d ,  c a l o r i e  r equ i r emen t s  w e r e  less than  
2500 k i loca lor ies  per man day w h i c h  is i n  agreement 
w i t h  the d a t a  of i n v e s t i g a t o r s  who  have measured 
mads b a l a n c e  i n  s imula to r  s t u d i e s .  S u b j e c t  compla in t  
about  t h e  d i e t  n o t  being f i l l i n g  i s  p robab ly  r e l a t e d  
t o  the  l o w  r e s i d u e  n a t u r e  of  the  diets and the 
dec reased  need fo r  ca lor ies  and volume of food t o  
meet a c t u a l  n u t r i t i o n a l  r equ i r emen t s .  



6.6.5.4 

6.6.6 

Phys io logica l  d a t a  r e l e v a n t  t o  the d i e t s :  

I n  gene ra l ,  t h e  low r e s i d u e  n a t u r e  of t h e  d i e t s  is 
s u f f i c i e n t  t o  promote r e t a r d a t i o n ,  b u t  t h e r e  is 
cons ide rab le  ind iv idua l  v a r i a t i o n  i n  t h i s  response.  
Since t h e  more accep tab le  i t e m s  w e r e  p r i m a r i l y  
carbohydrate ,  some s t i m u l a t i o n  may b e  a t t r i b u t e d  
t o  these foods. I n  t h e  d a t a  provided CSD no 
r e fe rence  t o  d i g e s t i v e  upse t s  o r  increased f l a t u -  
l e n c e  w e r e  made, it is assumed t h a t  t he  d i g e s t i b i l i t y  
of the  d i e t s  w e r e  adequate a s  has  been repor ted  by 
o t h e r  i n v e s t i g a t o r s  u t i l i z i n g  e i ther  one of t h e s e  
d i e t s .  

Summary 

under t h e  cond i t ions  of  t h e  MESA s tudy  a s  a whole, 
t h e  long t e r m  a c c e p t a b i l i t y  of t h e  pro to type  G e m i n i  
d i e t  was less than t h a t  of t h e  Simulator  Study d i e t .  
Vegetables,  a l l  b i t e  s i z e  foods (cubes) and many 
meat  i t e m s  o f  t h e  pro to type  G e m i n i  menu w e r e  r a t e d  
unacceptable  by o rgano lep t i c  s t anda rds .  The fo l lowing  
f a c t o r s  con t r ibu ted  t o  the poor a c c e p t a b i l i t y :  
(1) auto-oxidation: (2) poorer  b a r r i e r  q u a l i t i e s  
of zero  "g" food con ta ine r  packaging m a t e r i a l ;  ( 3 )  
requirement f o r  r e c o n s t i t u t i o n  of  food w i t h  room 
temperature water:  and (4 )  fo re ign  shdpe, t e x t u r e ,  
and t a s t e  of  b i t e  s i z e  foods.  

Only those  food i t e m s  which received accep tab le  
r d t i n g s  (6.0 o r  above) should be considered for 
inc lus ion  i n t o  t h e  f l i g h t  q u a l i f i e d  d i e t s  of  f u t u r e  
long du ra t ion  missions.  
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TABLE I 
NASA-Manned Spacecraf t  C e n t e r  
DAILY FOOD EVALUATION RECORD 

Sub j ect : Weight : Date: 
Water Intake:  
- Time Volume - T i m  Volume 

Food Rating: 
P lease  e n t e r  each i t e m  ea ten .  W e  want t o  know how you feel  about 
them now. I n  add i t ion ,  it w i l l  be h e l p f u l  t o  know the reasons f o r  
your l i k e s  and d i s l i k e s  i n s o f a r  a s  p o s s i b l e .  P lease  complete t h e  
form. I n d i c a t e  your preference  i n  t h e  second column using t h e  
code numbers given below. Then, i f  t h e r e  was a reason why you 
p a r t i c u l a r l y  l i k e d  or d i s l i k e d  a food, b r i e f l y  s t a t e  it in  the 
t h i r d  column, a long wi th  comments and sugges t ions .  
Codes : 
9 - L i k e  extremely 6 - Like s l i g h t l y  3 - D i s l i k e  moderate 
8 - Like very much 5 - Nei ther  
7 - L i k e  moderately 4 - D i s l i k e  

I t an  
Oranqe J u i c e  
B e e f  Hash 

- 

Cream of wheat 

Bread 
J e l l y  
Coffee,  Cream, 
Suqar 

Chicken w/qravy 

S w e e t  Pota toes  

Tomatoes 
Bread 
J e l l y  
Milk 
Coffee,  C r e a m ,  
Sugar 

How W e l l  
Liked 

l i k e  nor  d i s l i k e .  2 - D i s l i k e  very 
s l i g h t l y  much 

Reasons f o r  L i k i n g  o r  D i s l i k i n g ,  
1 - D i s l i k e  extreme 

Along wi th  Comments 



TABLE I1 

p r o t o t y p e  G e m i n i  
Menu A c c e p t a b i l i t y  

Menu Mean T r i a l s :  * P e r c e n t  Menu Mean T r i a l s :  * P e r c e n t  
Hedonic Ac tua l  D i s l i  

R a t i n g  P o s s i b l e  
G e m i n i  I 
A-Bacon Squares  

Sugar F r o s t e d  
F lakes  
P.B. Sand- 

whiches 
(N) P ine -  

Orange J u i c e  

Cheese Sand- 

Apricot  Pud- 

Grape J u i c e  

app le  

B-Tuna s a l a d  

wiches 

ding 

C-Beef P o t  
Roast 

C a r r o t s  i n  

Toas t  
F r u i t c a k e  I 

Pineapple  
Cocoa 

Chicken B i t e s  
Bread, C u b e s ,  

F r u i t  Cock- 

Tea 

C r e a m  s a u c e  

D-Soup, Pea 

T. 

tat1 

G e m i n i  I1 
A-Sausage Pa t -  

t i e s  
Straw,  C e r e a l  
Cubes 

T o a s t  
(N)  Apricot 
Orange-Pine- 

app le  Ju ice  
B-Beef & Gravy 

Green Beans/ 
cream sauce 

5.0 

5.6 

6.2 

3.5 
7 .O 
6.9 

5.8 

5.6 
6.5 

6.1 

2.0 
5.3 

6.3 
7.3 
6.0 
4.0 

5.5 

6.0 
6.7 

5.8 

4.7 

9/11 

10/11 

24/26 

2/11 

10/11 

10/11 

23/26 

7/11 
24/26 

11/11 

2/11 

10/11 

9/11 
9/11 

50/61 

25/26 

21/30 

9/11 
3 6/41 

10/10 

7/10 
See  Meal I -C 
4.5 2/10 

5.9 10/10 
6.9 10/10 

2.9 4/10 

3 3% 

3 0% 

890  

NA* * 
None 
None 

20% 

2 €e? 
13% 

18% 

N.A. 
2 0% 

10% 
None 
3 0% 
7% 

14% 

11% 
11% 

3 wo 

43% 

N.A. 

None 
30% 

N. A. 

e Hedonic Actua l  D is  1 i k e  
Rat h q  P o s s i b l e  

~~ 

Gemini I11 
A-Bacon & Egg 

~ l l  S t a r  

T. Bread 

Apple Cerea l  

G r a p e f r u i t  

P i e c e s  3.8 8/10 

C e r e a l  5.3 10/10 

C u b e s  See Meal I -D  

C u b e s  5.0 7 /10 

J u i c e  6.2 10/10 

Salmon S a l a d  5.9 10/10 
B-Potato soup 5.2 8/10 

B e e f  Sand- 
w i c h e s  See Meal 1 1 - D  

(P)Brownies 4.0 6/10 
Tea See  Meal I -D  

C-Beef w/vege- 
t ab l e s  5.4 13/15 

P.B. Sand- 
w i c h e s  See  Meal I-A 

(N)Lemon P e e l l . 8  6/15 
Applesauce 6.5 15/15 

Orange J u i c e  See Meal I-A 
D-Orange-Grape 

Chicken c 

T o a s t  See Meal I-C 
Pudding 

Choco la t e  7.2 13/15 
Pound Cake 2.2 5/15 

f r u i t  J u i c e  6.2 14/15 

Vege tab le s  4.8 12/15 

G e m i n i  I V  
A-Ham & Apple- 

s a u c e  5.3 14/15 
Apricot 
cereal C u b e  4.7 7/15 

Cinn . T o a s t  6.9 14/15 
(N)Strawberry4.4 5/15 
cocoa See Meal I-C 

B-Corn Chowder 4.0 13/15 
B e e f  B i t e s  3.6 14/15 

7 5% 

3 0% 

2 wo 

10% 
3 7% 
1 wo 

66% 

30% 

N.A. 
7% 

None 

5 9% 

None 
N. A. 

3 0% 

28% 
None 
60% 

39% 
5 5% 



Menu Mean T r i a l s :  * Percent 
Hedon ic A c t  ua 1 D is 1 ikc 

Rat inq P o s s i b l e  
T. Bread 

(N)  Candied 

Grape Zuice  See Meal I-B 

C u b e s  See Meal I - D  

F r u i t  3.0 5/10 N.A. 

C-Mushroom Soup 6.1 9/10 11% 
Chicken Sa lad  4.5 10/10 6% 
Toas t  See Meal I-c 
( N )  Banana 3.2 5/10 N.A. 
Tea See Meal I -D 

D-Shrimp Cock- 
t a i l  7.7 9/10 None 

P o t a t o  Sa lad  5.9 14/15 2 9% 
Beef Sand- 

Pudd ing-But ter- 

Tea See Meal I-D 

w i c h e s  4.6 15/20 49% 

Scotch 7.3 9/10 Non 

* Actual  Number of r a t i n g s  g iven  over  nu  

** N o t  Acceptable.  

Yen u Mean Tr&alS* Pe rcen t  
Hedonic Actual  D i s l i k e  
Rat ing  P o s s i b l e  

P o t a t o  Sa lad  See Meal 1 1 - D  
(P)Ginger- 
bread  4.5 10/15 

Apple J u i c e  6.8 13/15 

meat 4.8 12/15 

Blocks 4.4 12/15 

Sandwiches 3.6 12/15 

Banana 4.4 8/15 

J u i c e  6.8 12/15 

Gravy 4.6 9/15 
See Meal I-C Toas t  

F r u i t c a k e  I1 
Date 6.3 10/15 

Peaches 6.7 12/15 
Grape J u i c e  See Meal I-B 

-Spaghet t i  & 

P o t a t o  Chip 

Chicken 

Pudding- 

P i n e  app le  

-Chicken & 

5 0% 
None 

41% 

41% 

N.A. 

5% 

None 

55% 

1 wo 
8% 

e r  of t i m e  i t e m  appeared on menu. 



TABLE I11 

Simula tor  Study 
Menu A c c e p t a b i l i t y  

Menu Mean T r i a l s *  Percent  
Hedonic Actual  d i s l i k e  

Rat ing p o s s i b l e  
S imula tor  Study1 
A-Grapef r u i t  

J u i c e  6.7 25/29 
Beef Hash 7.3 14/15 
Cream of 
wheat 6.4 14/15 

Bread 5.1 111/172 
J e l l y  5.6 105/172 
Coffee ,  C r e a m  

Sugar 6.7 102/130 

gravy  6.3 15/15 
Mashed Potatoes6.4 39/44 
Peas 7.6 21/29 
Bread see I-A 
Je 1 l y  See I-A 
Milk 6.6 22/29 
Coffee ,  Cream 

B-Chicken w/ 

Sugar See f-A 
C-Pot Roast 6.4 14/14 

Whole Kernal 
Corn 5.5 13/14 

R i c e  6.6 14/14 
Bread See I - A  
Je 1 l y  See I-A 
Pear s  6.4 13/14 
Coffee ,  Cream 

Sugar See I - A  

t a i l  8.1 13/14 
Bread See I-A 
F r u i t  Cake 6.8 12/14 
cocoa 7.5 25/28 
J e l l y  See I - A  

D-Shr imp Cock- 

s i m u l a t o r  Study I1 
A-Strawberries 7.8 14/15 

Scrambled Egg 6.9 15/15 
oatmeal  6.6 15/15 
Bread See I - A  
J e l l y  See I - A  
Coffee ,  Cream 

suga r  See I-A 

w/gravy ‘6.6 15/15 
B- S l i c e d  Pork 

WO 

None 

7% 
9% 
3% 

None 

None 
8% 

None 

9”/0 

None 

23% 
None 

8% 

None 

None 
None 

None 
None 
None 

7% 

Ienu Mean T r i a l s *  
Hedon ic A c t  ua 1 
Rat ing  Possible 

Yashed 
Po ta toes  See I-B 

Bread See %-A 
J e  1 l y  See I-A 
Srape J u i c e  6.0 11/15 
Coffee,  Cream 

-Beef w/vege- 
sugar  See I-A 

t a b l e s  6.1 14/14 
Green Beans 3.4 15/28 
Bread See I - A  
Je 1 l y  See I-A 
Date Pudding6.7 13/14 
Coffee , Cream 

Sugar See I-A 
-Tuna Sa lad  7.1 14/14 

20/28 P o t a t o  S t i x  7.3 
Bread See I-A 
J e l l y  See I-A 
Chocolate  

Milk 
Pudding 5.5 11/14 

See I -B 

Percent  
D i e l i k e  

1 W o  

None 
67% 

None 

None 
NOn e 

1 8% 

imula tor  Study I11 
,-Grapefruit  

J u i c e  See I - A  

Applesauce 4.9 
Bacon & 

corn f  l a k e  

Bread See I - A  
J e l l y  See I - A  
c o f f e e  Cream 

Sugar See I - A  

Bar 5.7 11/14 18% 

1-Salmon Salad6.7 13/14 None 
P o t a t o  

S t i c k s  See 1 1 - D  
Green Bean 

w /c r e a m 
sauce  See IT-C 

Bread See I - A  
J e l l y  See I - A  
F r u i t  Cock- 

t a i l  6.7 13/14 None 



Men u Mean T r i a l s *  Pe rcen t  
Hedonic ACtuaa D i s l i k e  

Rat i n s  P o s s i b l e  
c o f f e e  , Cream, 

Sugar See I - A  
C-Meat B a l l s  

w/gravy 7.6 14/14 None 
I n s t a n t  

Pot  a toes See I-B 
Peas See I-B 
Bread See I - A  
J e l ly  See I -A  
Coffee,  Cream 

Sugar See I - A  

soup 7.5 13/14 None 
D-Chicken R i c e  

Chicken w/ 

Bread See I - A  
J e l l y  See I - A  
But terscotch 

Cocoa See I-D 

vege tab le s  6.2 11/14 9% 

Pudding 5 . 2  13/14 3 PA 

*Actual number of r a t i n g s  given over  number of t i m e s  i t e m  appeared on 
menu. 
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2.3 x lo4 1 2.3 x 105 4.3 x 103 1 

MPN COuloTS OF VIABLE ORGANISMS FROM FECAL SAMPLIRG 

8 -5 - ~ _ _  

9.3 x 105 

9.3 x lo' 

9.3 x 103 Coliforms 

Fecal Type Stre1 

Canrma Hem. Stre1 

Oc Hem. Strep. 

Lactobacillus 

--__ 

-- 

2.4 x 107 I - i -  i 
4 

t3 
u 
w 
c, 
m 
3 
m 

Coag. Post stapl 

1.6 104 9.3 x 10: 

4.3 x 106 2.9 x 107 Clostridium 

9.3 107 Bacteriodes 

y\Dey- I_ .- 8 

4.3 107 
.. - 

Coliforms 

3.9 105 __ 
Fecal Type Stm] 
---___. - 

Gamma Hemstrep, 
- - I  - I  - 1  

& H e m .  Strep 

2.3 x lo' 9.5 x 103 Lactobacillus 
I I 
I 

- I - /  - Coag Post Staph - 

1.2 x lor 

2.1 x lo' 

Micrococcus 2.3 x 107 

2.3 x 107 Clostridium 

4.3 x ld a 2.3 x io Bactericdes 
. - __- I 1 
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MPN COUNTS OF VIABLE ORGANISMS FROM FECAL SAMPLING 

- - __ - - _- Hem. Strep. 

Lectobacillus 

C o a g  .Pos t Staph. 

1.5 x ldc 9.3 x 105 2.3 x 106 Micrococcus 

Clostridium 9.3 x 107 9.3 x 106 2.5 x 105 1.5 x 106 7.5 x 13 

2.3 x 108 

2.3 x 104 2.3 x 103 2.1 x ldc 4.3 x 103 2.3 x 103j Ec 
0 
w 
b 

3 

- 
-I- 

- - - - - __ 
m 

~ 

-- - 

7.5 x 107 2.1 x 106 --- 

Bac t er iodes 19.3 x 109 2.3 x lo8 9.3 x 107 9.3 x 108 
- __ - 

Ora. \ h Y  -5 8 19 27 +6 

Coliform 

Fecal Type Strep, 7.5 x 105 - - 1.5 x 1& 1.5 x 104 

Gannna Hem. Strep# - 2.3 x 105 9.3 x 105 - - 
F\ 

I3 

Hem. Strep - - 1.5 x 104 3.9 x 105 4.3 x 105 

Lactobacillus 

Coag.  Post Staph 9.3 x 103 

7.5 x 105 2.3 x 103 2.3 x 103 2.3 x 103 2.1 x lo4 I 
] w  

- - i 4.3 x 10 6 

Micrococcus 1.5 x lo7 4.3 x 106 1.5 x 106 

Clos tridium 2.1 107 9.3 105 2.3 x 105 

. Bacteriodes 12.3 x 109 2.3 x lo7 2.3 x l@ 

3 

1.5 x lo5 2.3 x lo6 

4.3 x 105 9.3 104 

4.3 x 107 9.3 x 107 



MF" COUNTS OF VIABLE ORGANISMS FROM FECAL SAMPLES 

_. ore;. -. \Day 

- Coliforms 
-- 

.. - -5 

2.3 x 10 8 
-_.._ - -  

Lactobacillus 

Coag Post Stsph 

Fecal Type Strepl2.1 

Gamma Hem. Strep, 

Hem. Strep. 

- . 

x 10 
-- 

- 
- 

- 

8 

6 2.3 x io 

9.3 x 103 

._ . .-.- 

. .  

-- 

Micrococcus 

Clostridium 

9.3 104 -- 

! 
p.3 x 107 

8.3 x 107 

9.3 x 106 

'4.3 x 106 

8 ~2.3 x 10 

.- 19 

9.3 x 107 

1.4 x ld 

7.3 x 102 

9.3 104 

1.5 x 106 

4.3 x 107 

4.3 x 105 

8 9.3 x 10 9.3 x lo8 11.2 x 109 I 
The Most Probable m e r  counts obtained for the 
5 men in che chamber on 5 different sampling dates. 
The lowest 

that the particular organism was not found in  anyone of 
the tripl icate  tubes cultured. 

Flution checked in any of the samples 
was I x 10' 4 . The dashes in the above table indicate 
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